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CHAPTER - 1 ELECTRICJ;;:;_I{R;;S AND FIELDS

awFE v | s

5.
(b)  Quantization of charge.
(©0  Two types of charge.
(d) Circular line of force. Ans.
1. Fofafea § ¥ o9 an qor faga smaw § 78 grar
STelT &7 6.
(@)  poT 3TN TRET|
(b)  3ATART BT UIRHTUTTEHRT |
(© I YPR P G
(d &7 BT gt @l
Ans.  (d)
2. Which one of the following charges is possible?
(@) 5.8x1078C (b) 3.2x10"C
() 45x10™C (d) 8.6x10*C
2. fFofafGada o e feasmuimad
(@ 58x10"C (b) 32x1078C
(@ 45x10™C (d)  86x10™C Ans.
Ans.  (b)
7.
3. If a charge on a body is 1 nC, then how many ex-
cess electrons are present on the body ?
(@ 6.25x10% (b) 16x10% ;
(© 625x10¥ (d) 625x10 ’
3. sfefefifiswsmarrincd Arawqw foaa srfifaa
sl Hispe & Ans.
(@)  6.25x10% (b) 16x10"
() 625x107 (d 625x10M" 8.
Ans. (0
4. Two charges of equal magnitudes kept at a dis-
tancerexert aforce F on each other, if the Charges
are halved and distance between them is doubled
then the new force acting on each charge is
(@ F/8 (b) F/4 8
(0 4F (d) F/16
4. ol r O T A IRYHTOT P &Y 34U Ueh GER IR F ao
oI & afE 3marit @Y 31men & far i & 31k 3%
S Y AT 8, AN TRAS AN WA 7,
dTeqT 94T dcf
a) F/8 b) F/4
) 4F d) F/16
Ans.  (d)
PeT-12 (ftfadhn

Which of the following properties is not satisfied
by an electric charge?
(@  Total charge conservation.

Which one of the following is the Sl unit of elec-
tric field?

(@ Coulomb (b) Newton
() Volt (d N/C
fFofafEa ¥ & i faga S Hr sz &2
(@ Coulomb (b)  Newton
(c) Volt (d N/C

(d)

When an electric dipole is placed in uniform elec-
tric field it experiences

(@) anetforce

(b) atorque

(c)  both a net force and torque

(d) neither a net force nor a torque

51d U faeld feela o) uhanm= fagga &= J war siran
gl gE A HRaT &

a  UDREHTA

b) U §aT T

0 TP G I 37k g 3ol

d AT TP G I 3R 7 & g7 3o

(b)

The force per unit charge is known as

(@)  electric flux (b) electric field

() electric potential (d) electric current

¥ ufa gfe mazn a1t &1 fea w9 8§ s ST @
(@ fagd yare b fage e

(©  faegd &mdr (d fagd amr

(b)

Two charged spheres are separated by a distance
d ,exert a force F on each other. If charges are
doubled and distance between them is doubled
then the force is

@ F (b) F/2
(© F/a (d) 4F
EY 37A2T 9T Mo Uh WRd @RI WF
o #l afe 3417:‘21?3 aqmq-aaﬂ %m??u 3R

A IR, I, FTRES




9. A positively charged glass rod attracts an object. 13.  fag[d &7 Y@TU fFad R ¥ TSGR UeH St §
The object must be @ faga&adrdlaar (b fazm
(@) Negatively charged (b) neutral (©) TR BT UPpid (d) S T
(c) either negatively charged or neutral Ans.  (d)
(d) amagnet
) 14. Which of the following figures represent the elec-
9. gﬂi a?gmma?m‘sﬁﬂﬁaﬁaﬁ HTH T BT tric field lines due to a single negative charge?
| 9% & Tifew :
(a)  BUTCHE TTH (b)  STTAE Fafafed ﬁa‘;gg w *U"ﬂa;_f“ﬁ“ ®
(© TSI RUTHS 151 4T 3TTARTEN 1Y . T ae '
d TP YED (@ .%é, ®) _%5. )
Ans. (0
-— —_—
10. The surface considered for Gauss’s law is called (©) «—"— (<) :4;’}::
(@ Closed surface (b) Spherical surface - -
(c)  Gaussian surface (d) Plane surface
Ans.  (b)
10. TE & fFraw & fAU 3uaiT i s arel |ads seardal
2 15. The conservation of electric charge implies that:
(@ dC¥ds (b) TATDBR AcE (@) Charge can't be created
(© TR T d HHJA (b) Charge can't be destroyed
Ans. ¢ (©)  The number of charged particle in the
i i tant
11.  If a sphere of bad conductor is given charge then urnverse 1S cons an.
it is distributed on: (d)  Simultaneous creation of equal and
(@) surface opposite charges is permissible
(b) inside the surface 15.  faera 31de & ReqoT &1 aread @ o
(© only inside the surface (@  fagga 31maRr =&l s 1 HepdT @
(d None (b fagga 3mraRr 7E 71 fosT 11 HepdT @
(©  SEITUs H AR BTl ol T g & &
11. qﬁwﬁ?aﬂﬂﬁaﬁmﬂﬁmm%a’rsﬁﬁaﬁa @ W?Wﬁﬁgﬁmﬂﬁwmuﬁtrw
(@ YT (HAde) {
(b) T (FAE) P 3R Ans. (@
(© ?ﬁl’s‘% > i:‘%f 8 h AR 16. The minimum amount of charge observed so far is:
(d)
379 T UTY Y 30 Y g A &
Ans. (d)
(@ 1C (b) 48x10"C
12.  The total flux through the faces of the cube with © 16x10™C (d  16x10°C
side of length a if a charge q is placed at corner A Ans. (0
of the cube is
17.  Quantisation of charge implies:
gfe g9 & B A R IT51 q IWT SATT & ;47 89 & BeAd uantisati rgeimpi
ﬁﬁﬁﬂﬁmmm (@  Charge does not exist
7 (b)  Charge exists on particles
' | (©)  Thereis a minimum permissible magnitude
X of charge
(@) 4 ) -9 (d) Charge can't be created
8 4g,
© _;_ @ 9 17.  3TAR0 & FEICHIHIOT &I 7Y &
20 €o (@) 3TARTHISE el 8
Ans. (@) (b)  SPUI R ITARTEIAT &
(©  3TTART P YAdH 37T gRATOT &
13.  Electric field lines provide information about ()  3TTART TE T ST THT &
(@) field strength (b) direction Ans. (0
(0 nature of charge (d) all of these
18.  Uniform Electric Field is
HeafT-12 (1T — FMEIRA, A, TRES




(@) Conservative
(b)  Non - Conservative
() Somewhere Conservative Somewhere

.".On changing the radius of sphere, the electric flux
through the Gaussian surface remains same.

Uy 2 g fHat 3Mmar &) 8 arel MHAr "Jds S A
non conservative et R S Y, Y M4 JaE A BNHL R arel
faera wwiad &4 aaw sTeTm?
(d) None of above
3R fagra vare ¢ g1 fear sran &
18. feRfagaast > >
(@ e be=E .ds =Q/¢,
(b)  3TRES 781 [Q §¢ TAE & 31eR et I151 8]
O T IREE A AT .Y B 3341 geem &R MRTE Jds F R aTe
@ 3T T A B e eI TR AT 38T B
Ans.  (a)
Q.3. Define the term electric dipole moment of a di-
19.  An electron and a proton are placed in the same pole. State its S.I. unit
electric field . What will be the ratio of theiraccel- aAps. - pE sin O
eration
- . . If E =1 unit, 8 =90°, then T =
19. U® saiag 3R U Wei- & Ua &1 faga &3 o wan P
ST 81 393 @RUT BT 3T a7 81 Dipole moment may be defined as the torque acting
(@  Zero (R b) 1 on an electric dipole, placed perpendicular to a
© Mp/Me d Me/Mp uniform electric field of unit strength is called dipole
Ans. (0 moment.
> _ 2—)
20. What is the ratio of Electrostatic force and Grav- Ip1=alzal
itational Force between two electrons placed at .Sl unitis Cm.
certain distance & & qft
- . ¥ 3 | S.lL.
20, Fiftae g o v A gt & i R deg awr e R T et 3 aReh B0 g
{ de1 T 377 e &2 3d?. T =PEsinB
(@)  4x10% (b) 10%®
©  2x10” (d) 4x10% gfEE=13®I8,0=90°dT T=p
Ans. (@) f&e1dTa &ru1 o1 U fagld fgglda iR & 9Tl &3 aTed
e 31yt & ¥ & gR9T fbar 511 FepdT 8 511 sch1s
SubjectiveQuestion(ﬁ'Wﬁ'EH&l’) | 1R o U FHTH fag[d & o iaad 3T 5 ar & 5
fegraTa 3meof He1 3rdT 8l
Q.1.  Which orientation of an electric dipole in a uni- Ip[=ql2al
form electric field would correspond to stable . SIZHTS Cm B
equilibrium ?
Ans- When dipole moment vector is parallel to electric  Q.4. In which orientation, a dipole placed in a uniform
field vector electric field is in (A) stable, (B)unstable equilibri-
- — um?
PIE T . .
Ans. For stable equilibrium, a dipole is placed parallel to
81 UWHaQH &iirffa'qaﬁ &1 FH-ar Ry fer the electric field.For unstable equilibrium, a dipole is
T b 31TFT A2 4 placed antiparallel to the electric field.
R - 1 fog 3, faege 861 S Fmra et & g4 4 ﬁmﬁuﬁﬁ,wmﬁ?mﬁwmwﬁqa
T (U)@g?,m)afﬁa?aqaq * .
IR FRR IqeH & Ay, U fGga o &5 &b FAMIR
Q.2. If the radius of the Gaussian surface enclosing ?Sﬁ T &l 3TRR ”ﬂig' Il$ﬁuw §]d I fagra &
a charge is halved, how does the electric flux @7 AT
h h th i rf h ?
' t ron..lg the .Galtlssmn surface change Q.5. Name the physical quantity whose S.I. unitis NC™*.1Is
Ans: - Electric flux . is given by it a scalar or a vector quantity?
de= E .ds =Q/e0 Ans- Electric Field. It is a vector quantity.
where [Q is total charge inside the closed surface
HeafT-12 (1T — FMEIRA, A, TRES




Uy 5 39 vifad 3f &1 T Iarey fSasr s.. aas NC &
&1 g8 U ferar afezr afr &2

U8 10 farera &7 a1 2t Ueb g3 A dred! a4l TE &

IR faed &9 @y & 1 farm adre &l A g hrar
3R fagd & us U Afcer i &l @10 gfase &, a1 ufceed fog U fag[a & &1
a1 fe=1ry ei, 311 Fva 781 &l
Q.6. Why should the electrostatic field be zero inside
a conductor? Q.11. What is the electric flux through a cube of side 1
Ans-  Electrostatic field inside a conductor should be zero cm which encloses an electric dipole?
because of the absence of charge. As in a static Ans- Zero because the net charge of an electric dipole (+ g
condition, charge remains only on the surface. and - q) is zero.
UH 6 (@Iae) P e gRacIRfed aF (RR dga@ W 11 1 cm YT aTel U | 81 T[5IR aTelT de[d Fola a1
E)%fqmﬁﬂmaﬁu? # 311 U faera feela &t uftage ovar &2
IR 3TIART 1 IUTRATT & PHROT e oies & iR FRR - 3TR- [ F4Ifep U faed feefa + q 31R - q) &1 ot 31a0
dera S @ e IRyl fRR fRfd o 3 haw ads U Bl 8l
TR €1 36T ol
Q.12. How does the electric flux due to a point charge
Q.7. Why must the electrostatic field be normal to the enclosed by a spherical Gaussian surface get af-
surface at every point of a charged conductor? fected when its radius is increased?
Ans- So that tangent on a charged conductor gives the  Ans- The electric flux due to a point charge enclosed by
direction of the electric field at that point. a spherical gaussian surface remains ‘unaffected’
) when its radius is increased.
UH 7 U AR I & A fig RRRAga T m s _
T a4l 81T 91fee? a4 12 TATBR AT |6 A iR U {65 31431 & Sror
FR- dTiep IR ATe7eh R T YT 39 fiig IR gt & B farera vraTe sweh fisan agm o & gurfaa drar &2
feemaaryl 3tR- U MATdR Mg Ade A TR fdg 317d1 & HRoT
fae[d UaTe 3T T g IR 'IHY T 8l
Q.8. A charge ‘q’ is placed at the center of a cube of
side I. What is the electric flux passing through Q.13. Derive an expression for the torque experienced
each face of the cube? by an electric dipole kept in a uniform electric
Ans- Electric flux through each face of the cube = (q/6¢) field.
L Ans- Consider an electric dipole consisting of charges + q
U4 8 U 3TART ’q’_‘gﬁﬂiﬂ I asaqaaaﬁﬁwrm%_)%l LPEED and - g and of length 2a placed in a uniform electric
ST WheTdh H TR ATe faeld oreerst o &7 field £ making an angle 8 with it. It has a dipole
3R - T & UAD Befch & HIeAH H fagld UdTe =(q/6¢,) moment of magnitude,
. o . p=4q X 2a
Q.9. :Ic\)l:gsgo the electric field lines not form closed Force exerted on charge + g by field,
Ans- Electric field lines do not form closed loops because - E= q::‘d("]"“gh E) by field
the direction of an electric field is from positive to Orce__exerf on charge __‘Z y held
negative charge. So one can regard a line of force E =gE (opposite to E)
startin'g from a posi.tiv.e c'harge and ending on a Frotar = +qi§— ql‘:j =0
negative charge. This indicates that electric field - B >
lines do not form closed loops. 7 /5 Tk
1
wa o Fare & Yt e wa it e ae & 2,,‘/{/ e v———
IR- fIgd &5 @0 98 o9 T8 A7 € i faga & 3 i >
DI G gATHSD J BUMHSD HTART DI 3R el 8l 74 | >
fagrdars &1 X1 BT IS 1AL A [F e are 3R Pl L/ A— -
BUIHD 37AT R FHIG € dTeil H Hbel &l T8 T 9E
&fiTa oan @ fop fag[a & YTy §¢ o9 el =7at 8l
Hence the net translating force on a dipole in a
Q.10 Why do the electric field lines never cross each . P
other? uniform electric field is zero. But the two equal and
Ans- The electric lines of force give the direction of the opposite forces act at different points of the dipole.
electric field. In case two lines of force intersect, They form a couple which exerts a torque.
there will be two directions of the electric field at
the point of intersection, which is not possible. Torque = Either force x Perpendicular distance
between the two forces
HeafT-12 (1T — FMEIRA, A, TRES




T =qEx2asin®

T =pEsinB [ p=qx2a;pisdipole moment]

U114

yare & gfufia HIfSgl sTsr S AEs

| Uab 3TART q f34T R 1 Ueb MATHR T
forzT 21 afe fsur &Y geTde 31men & fear sy, aY Jas
& m1enm ¥ fagrd vare $A saanm

As the direction of torque 7 is perpendicularto P~ 3R U fagd &7 & U &F TR fagd uaTe & & wead
. NN TR dTed] g bl 313 Dl ped TXJAT 8l 3 d GRT
and £ sowecanwrite z =P x E G211 71T 81 T8 Udh 3TE2T 11T 81 S0P S ATHh Nm2
C1gTVm &l
UH 13 UHEAMH defd &7 ¥ 7@ dgqd fEg@ qrr 3a ad ie ¢=fﬁd_s)=i
) €., . &
3rgof & fAU st ogeas HfF0I :
I U faed g o faar ¥ 5 3maer+ q 3R - q 3R fAE[T TaTe ¢ ST 3ATART q T AT A fERT &7 376k: 7 Y
AT 20 8, 51 U A faga & £ ¥ 580 A 10T 0 RS A TR ATeT faee Feer T 3ee 81
ST §U T TAT & Q.15. A thin straight infinitely long conducting wire
+4 A having charge density A is enclosed by a cylindrical
et feg LTt § surface of radius r and length |, its axis coinciding
E pP=1 ’: g" h v o by field with the length of the wire. Find the expression
orce_.exer_.e on < irge 9 Py Heid. for the electric flux through the surface of the
E=gE (along E) cylinder.
Fomefxerfd on charge __‘f by field, Ans- Since the field is radial everywhere, flux through the
E =gE (opposite to E) two ends of the cylindrical Gaussian surface is zero.
F total = -(-qE—- q'f;.’ -0 At the cylindrical part of ’Fhe surfgce, Eis .norm.al
- B > to the surface at every point, and its magnitude is
ya /5 TIE constant, since it depends only on r. The surface
‘// ' area of the curved part is 2mrl, where | is the length
72.1 7 I{ 20sine of the cylinder.
// '{ R Flux through the curved cylindrical part of the
. @:‘Lz_gle___ _— surface is zero. At the cylindrical part of the surface,
—4E > E is normal to the surface at every pointand its
magnitude is constant, since at every point, and its
sAfA U U A9 fagld & H fggla R pe giamfcm oo magnitude is constant, since it depends only on .
%l_jq?'_m?l oifeh 'a.e T 3113 e WEE&H%W Flux through the Gaussian surface = Flux through
feig 31l oR BT Rl €l 9 U oA &-Tdl & 511 Ueh Seirgof the curved cylindrical part of the surface = E x 21l
T &l , -
a1 37Tg0f = Ueb &1 x ST gl & S oTaad g o
T =qEx2asin® E pi : i
E. . P CHIM E
T =pEsin® [ p=qx2a p [g&d Mgl 8] P PE” :’,—Aé—\\i
: LN DG
i eTh Z B e P 3R £ & ofaad &, safay s ; s H e
. (a) B
T =D xE faaasd g ®)
Q.14. Define electric flux. Write its S.I. unit. A charge q is (a) Electric field due to an infinitely long thin straight
enclosed by a spherical surface of radius R. If the wire is radial.
radius is reduced to half, how would the electric ) ) )
flux through the surface change? (b).The gaussmn surface .for a long thin wire of
. . P uniform linear charge density
Ans: Electric flux over an area in an electric field is the
total number of lines of force passing through the The surface includes a charge equal to Al
area. It is represented by ¢ . It is a scalar quantity. Its , .
S| unitis Nm2 C- or Vm. Gauss’s law then gives
Electric flux ¢ when g charge is enclosed E x 2nrl = Al/gg
- — SUSHA
i.e., ¢=fE.ds = el B = s
g 0
Hence the electric flux through the surface of the
sphere remains the same.
HafT-12 (N — FMEIRA, A, TRES
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raﬂ?mﬁla?ruasamm'éfﬁﬂ%

ﬁa?rqﬁawa?rmﬁasmﬂﬂﬁmélama?r

Wﬁﬁgwﬁmﬁﬁmm%ﬁvmm
|

¥ 16 Uh AH

> ~~
faga@ T E =5x10% i N/Cclearmng s
&3 BT ydTe 10 AH & T1f & A1eay A WS, S ads
yz T8 &b AR 81 afe Ot x-31& A 30° BT HI0T Il
%?ﬁmaﬁﬁﬂaﬂwﬁmmmw

IR Y &7 &R e B (WA & ITTER MHT 3z fewrd: B 25x10% 1 N/C
AdE P Sl RN & 71eqd F gare [ &l Ade b ' S
JEATHR YT IR, E U g IR Aag & foeig AW &, A=10 X 10 x 10™m?,
37 ST URETYT Fad &, JEifh 98 Pact R T AR
WT%IWWWW&WZWI%HETIW el () = EA cos ©
(i) gt Rafd & fig, 0= 0,cos 0 =1
g & YATICR JeIhR AT & HIEAH F YdTe T - TRAERT = (5 x 103) x (10 x 10 X 10%)
& Jd8 B IR UM W, E IAH fdg IR Ads W
31‘5433;:1 2 ﬁ?samlqﬁgmf@w% Wﬁiﬁg =50 Nm2C-1
ZHDT UIHTOT F4Ifd T8 dbaai R
;Fn%l R e W (ii) x-37&f S HTY FIIDBR T DI BIUT = 30°
TG qde S HIeAW A YATE = A€ S GHATER ST 6 EMM 90° - 30" = 60°
SEHTEBIR M & HTEAH H YATE = E x 2rrrl EA cos B =(5x 103) x (10 x 10 x 107 x c0S 60°
i ’_:E__\ =50x1/2
::\-gt,/j; =25 Nm2C1?
LB
E, '—g i Q.17. An electric dipole is placed in a uniform electric
& P b BN T R =
v Rl field E with its dipole moment P parallel to the
: I H o field. Find
(a) :
) (i) the work done in turning the dipole till its
dipole moment points in the direction opposite
?mﬁammmamasmﬁqamm to B .
|
(ii) the orientation of the dipole for which the
(b) THT Y AT51 B7cd & 19 Tl AR &b fer g g : . :
k torque acting on it becomes maximum.
JE H Ml & =16 IT151 QM 8 rqu . ngont ximu
T T e a9 < @ Ans- @ w = frae W = [pEsinece
9, [
E x 2rrl = M/gg W = pE[-cos8[; W = pE[cos m — cos 0]
B oA W = pE[(-1) - (1)]| W =-2pE
2nreqr
> ~
Q.16. Given a uniform electric field E =5x103 ¢ N/C, (i) m _ ‘1-; % E‘ — JEsin®
find the flux of this field through a square of side P
10 cm, whose plane is parallel to the y-z plane. For®=1/2,sin 6 =1and T is maximum
What would be the flux through the same square,
if the plane makes an angle of 30° with the x-axis? g 17. Uﬁﬁaﬂﬁﬂaaﬁmﬁﬂﬂ Pt B0 ﬁ%‘\‘lﬂiﬁq?
Ans. Given: i =5x 103 i N/ C = . .
3ol P &9 & AR 7@ 7T 81 FATd Y
A=10x10x10™ m?
Flux (¢) = EA cos 6 () fepar wrar ref :;ﬁﬁflia:; AT E";":T;“m“
3Ad 3-1qu| M E & fagdas |
(i) For first case,0=0,cos 0 =1 %qa
“. Flux = (5 x 103) x (10 X 10 x 1079 ti) fera o1 srfufamarw s fAo 39 ov o aren
o1 3yt 3feraan &) s 2
=50 Nm?2 C! .
(i) Angle of square plane with x-axis = 30° MR- D w= !1:1'9 W = _!pESine de
Hence the 8 will be 90°-30° = 60° W = pE[-cose]: W = pElcos m — cos 0]
EACOs B = (5 x 103) x (10 x 10 x 107 X COS 60° W= pEICD -] W =-2pE
=50x1/2 > .
U faed fgga &1 ypamT fagd &7 £ 38
=25 Nm?C!
HeafT-12 (1T — FMEIRA, A, TRES




Q.18.

Ans.

i |7| =[5 % | = prsin0
0 =m/2 & fAT, sin 0=1 3R 7 31fopan &

State Gauss’ law in electrostatics. Using this law
derives an expression for the electric field due to
a uniformly charged infinite plane sheet.

Gauss’ Law states that “the total flux through a
closed surface is 1/€0 times the net charge enclosed
by it

pp=f Bas- %

Let o be the surface charge density (charge per
unit area) of the given sheet and let P be a point at

distance r from the sheet where we have to find B

— P
o=

&

*

* Hr o

Oilai
DA
I
[

:
mi

CEE EEEE B
respapepe
.

]

*

-
*
-
h
~

Choosing point P, symmetrical with P on the other
side of the sheet, let us draw a Gaussian cylindrical
surface cutting through the sheet as shown in the
diagram. As at the cylindrical part of the Gaussian
surface, E and ds are at a right angle, the only

surfaces having £ and ds parallel are the plane
ends

:fEds"‘j{Eds: EA +EA = 2EA

[As E is outgoing from both plane ends, the flux is
positive.

This is the total flux through the Gaussian surface.

Using Gauss” law, ¢ =
Eg
2EA = 2 _°A
€o €o
E=_S_.
2eq,

...[As g = oAl

This value is independent of r. Hence, the electric
field intensity is the same for all points near the
charged sheet.

UY 18. TG IR fead ¥ MH &1 faq garg| =9 faq &1

HefT-12 (N

TANT & §U U OHE ¥ A AT 313a aaaa
2ite & BT fagrd &9 & fAi U U o1t cud HIfavl
T & a9 o o581 a7 © o U 9¢ Ide & "I
Pl fde[d UdTE 1/€0 T[0T 1T & A8 b 3= §¢ 37TAR0
asu

Q.10.

Ans.

op— f Fas= 2

HH I3 o &1 78 :fic &1 g8 37920 g7 @151 Ufd
gfie e & 3R PRiic A r RUB figé el e 13
QAT 8l

— P
e

Q

LR

Ollai
252
|
l
:
ml

-

-
*

-
*
+
A
-

CEE N O
revsprpepe

faig P o1 g 21e & I R P & ATy T faharmar
&, 31130 o ¥ ey 3179 2ffe & areqm A g g

TATHR Tde Bl BIc| M Td8 B TA-THR Y1 B
FF B 3R ds U aHPTRE B 3R ds wmEieR
Teft UHHTT TAE Aol AR &

> > > >
SR = fE.dS +fE.dS

:fEds+fEds=EA+EA=2EA
%ii?:b E ST AT RRY 3 §T6% 3T 361 8, Feaxd TS
I

& MAYH Hc8 o HIEAH A ol UdTe 8l

Using Gauss’ law, ¢ =

Eq

2EA = 1 .ZA

---IAs g = cAl
€0 €p

E=_S_.
e,

g 7 r ¥ WdT &l 3qToy, I1st 3afren 2ffe & ur
it fag3il & Ty fagga & o1 cfterdr TaT gre 8

(i) Derive the expression for an electric field at a
point on the equatorial line of an electric dipole.

(ii) Depict the orientation of the dipole in
(a) stable equilibrium in a uniform electric field

(b) unstable equilibrium in a uniform electric field.
(i) Electric dipole moment: It is the product of the

magnitude of either charge and distance between
them.

It is a vector quantity whose direction is from
negative to positive charge.

Expression :




Electric field intensity at P due to +q charge is

g -1 9 along PD
4nsg BP? &

-+

1

- s __a along PD ...(i)
4meg (r2 + 1°) &

Electric field intensity at P due to -q charge is,

- 1

E = EI%; along PC

= .;::;(rz—q'zs along PC ...(if)
+

From (i) and (i), |E | =|E | = ———3d
|E,] =|E| dneg 2 + 1)
... (i)
Net electric field intensity due to the electric
dipole at point P

E = JE? + E? + 2E,E_cos20

= E= JE? + E? + 2E2c0s20 (vE =E)

= E= 2B + 2F? 0520

= E-= Jinu + c0520)
= E = \2E?2c0s%0 (1 + cos 20 = 2 cos* 6)

E1-=2E'cose=2><—1-—— 5o €os 8
dneg (r2 + 1?)
[Using equation (i1i)]
Now from AOAP, cos 0 =
r+1?
1 q 1
= 2% X
41[80 (r2 _‘_!2) (?.2 +II)1!2
2]

E= X

- aneg(r? + )2

Since g x 2] = p ...(p is dipole moment)

—

o__ P . 2 2
E= Are.r (for very small dipole, r* >> [*)
HafT-12 (N

(i) (@) For stable equilibrium, the angle between p
and E is 0°,

-

-

=¥ —
_q._b..-rq E

() For unstable equilibrium, the angle
between p and E is 180°,

-

_.. .
+ge——t—e—q E

-

(b) For unstable equilibrium, the angle between p
and Eis 180°

N fegga &t ¥ & fepe

(i) feera & srfarfa=ara & fFAefia &¢
(a) U 9T faga 7 f R g e W,

(b) U HHTH faera &7 & 31f8R Fqe= e W
IR dera feea . g% fopelt Uh 3mmaeT & afvmmor 3R
37 &1 o G &l UGB 8idT 8l

g8 U afest Al & T e Bomars A eATHs
3717 T 3R &Il B

Expression :

+q TR & HRUT P IR fagld & I digdr &

g, = —_9_ along PD
E. 4neo BP? &
=1 __a along PD ...(i)
4neg (r2 + 1) &
-q 37Td2T & HRUT P R fagld &7 T dfadr g,
E = 4:80}9721]0115 PC
= ;K‘_So.ﬁ along PC ...(id)
From (i) and (i), |E.| =|E.| = QTOW
. D)
fagrd fégra & dRUT g fagld &5 &l diadr

FHNE3IRA, I, RS




E= JEE + E? + 2E,E_cos20

= E= JE? + E? + 2E2c0s20 (“E.=E)

= E = 2E? + 2E%cos20

= E= \JZEE(I + c0s20)
= E = J2E22c0s?8 (=1 + cos 20 = 2 cos® 6)

E = 2E, cos 8 = 2x--l— 3 cos 6
dneg (r° + 1)
[Using equation (iii)]
1
Now from AOAP, cos 6 =
w_}rz +12

- ! q_ I
E - 2)( 4":50 (rZ +12) x(rz +12)l.f2
x 21
= E= a7

Since g x 2l = p ...(p is dipole moment)

—

7‘”3 (for very small dipole, v* >> [*)

E= 4re,r

—

(ii)(a)%’x’;ﬂﬁ?asﬁ'(l, P 3R E sdmardmo

(b) 3TFRR ¥ Ay, P 3k E & g &1 o7
180° Fs’;ﬁg

ki

e —7 =

-

Q.20. Derive an expression of electric field intensity on
a point in axial position (end on position) of an
electric dipole.

1
4me(

>
E1 = — 5, (along AP

1 q . —»
4 ey '_—(r—l}z s (along AP}

1
————, (in magnitude form
Ameg (r— .{}2 ¢ = )

1 =

Electric field intensity due to charge (-q) situated at
B will be 1

E,= l
y = — ,{(alon PB
° 4rg, BP2 ( g PB)

- -9
aney (r+l)’

4:% E:f-f_)z- {in magnitude form)

E, =
As AP < PB, hence the repulsive effect due to charge
+q will be more effect then the attractive effect of
charge - qg. Therefore, E+> E2 but their directions are
opposite. Hence, the net electric field will be

1 ¢ 1 g

ol
YU Amey (r=1)Y dmey (ral)

__9q E ]
dase [ (r—=0° (r+1) ]

@+ - -1 ]
4;:.90 r=DF(r+07 |

P+ +2PD)— (P2 +F — 2,0 ]
4::;., [(r—D)r + DTF 1
Al
4m~0 (r2 -1

2.2r
4::50 Wt —1)?

2 pr

it ed Byt TV SR SR AT

This is the expression for the electric field which is
directed from A to P. For small and strong dipoles,

r>>2] = sl = r2 |2

Ans: Consider an electric dipole made up of charges + q Rap

and - q separated by a distance 2/ apart and placed
in vacuum. We have to find out the electric field at Hence, eqn. (1) becomes
point P situated at a distance r from the center of the 1 2pr 1 2p
dipole system. To find out the electric field intensity, = dne, (Y dne i N/C
imagine a unit positive test charge situated at P. ¢ 0

. r+l =] This is the required expression.

24 o i—

! 1 E 94 20. ﬁﬂﬁﬁqaﬁqaﬁaeﬁuﬁlﬁﬁﬁmﬁﬁgwﬁqa
& : S =L E, &7 & adT BT TP Hedd DUl
q +q IR U faeld fRga W fAaR i3 + q 3R - g 3ma=it A - 8
B ; N mz|§ﬁﬁam%3ﬂ?ﬁaﬁﬂwwﬁlsﬁfﬁqaﬁwq
h . ?W@r gﬁ gﬁwﬁi‘g %ﬁvwaﬂm

T, . . Iaqa SIEGIGAREGI P OR T
Electric field intensity due to charge (+q) situated at
Awill be U SPTS ETHD URIEUT 3TTART T ST 3|
HeafT-12 (1T — FMEIRA, A, TRES




o r+l -
- r—
I 2! 1 E,
B i o g A, P E,
-q q

< r >

A TR TRIT 3TAT (+q) & BROT fagld & T dterdt e

Q.21.

Determine the intensity of electric field by Gauss’
law, due to a uniformly charged spherical shell at
a point

1. Outside the shell
2.0n the surface of shell

3.Inside the shell.

EI _ 1 '%7 (along ﬁ [?raw a graph §howing the variation of electric
4mE) " Ap field with the distance from the center.
o q s Ans: Intensity of electric field due to uniformly charged
= Aney (r—0)y  (along AP) spherical shell:
1= ! oD (in magnitude form) Suppose that a sphere of radius R is uniformly
o A charged with +q charge. Intensity at any point due
B TR FRIT 3TA2 (-q) & HRUT fde[d &= T dlaar gl to this charged sphere depends on its position
relative to the sphere.
- 1 -q -
E,= Q}Z'W'(along PB) (i) When point P lies outside the spherical shell:
Consider a point P which lies outside the spherical
- ! . -9 (along F:E\ shell of radius R. Now, imagine a sphere of radius r
dregy (r+ N’ ‘ which passes through P. This closed surface behaves
as a Gaussian surface. Since, sphere is uniformly
1 q ) ) _ charged, so that the electric field at each point on
2T Gxey, (Pl (in magnitude form) the surface is equal and points radially outward.
Y AP<PB, SHTY TR +q & BRUT YTdHYUT gHTa
371427 - q & MDY THTd A 37feres gHTd! 8Tl 3Afm G,
E+> E2 @i 37! feRmmy fauda 81 safey, g fagd
& BT
1
B e s - - 1 - A
4 meg (r—1) 4gg (r+ly
__4q 1 1 1
- —ne :
4280 LOr—D) Lt g Net flux through the Gaussian sphere of radius r will
__q [+ --0*] be
dneg| (r=DP(r+1) | Og =§, E.d5 = $EdS cos
__ 49 [P+ +2r)— (P +8 —2r0) ] SESTRAD, Coollicl
4me, | ((r— D+ DY | -£4ds
__ g ari O =E.4m2, (- $dS=4zr?) .(1)
dmgy | (F* - 1) o .
But, the charge enclosed inside the Gaussian surface
—— 2.2r is g. Therefore, from Gauss’ law
amsy (P —-1*)
o = q/EO ....... (2)
= 2B ____N/C, (~ p=2gD) ..(1) ‘
Amgy(r” —17) Equating egns. (1) and (2), we have
gE fagd &9 & iy st & 511 A T P bl 3R FERIa E. 4112 = g/e
BT 81 BIC 31 Iated fega & fam,
E = (g/41€0r?) .....(3)
121 = sl = 12 5|2
o It is clear from the above equation that the electric
Lr-Per field outside any uniformly charged spherical shell
sOfey, IHROT (1) §9 3711 & is exactly to that electric field when we take the
| same charge at the center of the sphere.
= pro_ 1 2P nsc
dmey (') dmey P (i) Point P lies on the surface of spherical shell:
g8 31U 3fHaafad 8l In this case, r =R
HafT-12 (N — A IR, I, FTRES




HefT-12 (N

From eqgn. (3),

E = (q/411€0R?)

Gaussian
surface

(i) When point P lies inside the spherical shell:

As we know, the charge given to a spherical shell
spreads equally all over the surface, there is no
charge present inside the sphere. Hence, by Gauss’
law,

P = ;‘;(0} =0 _.(4)

But, @&, = §Ea:§ =J§EdScos0
Ay

=E§dS=Edxr’ —(5)

From equations (4) and (5),
E4mr2= 0
>E=0

Therefore, the electric field inside a spherical shell is
always zero. The adjacent figure shows the variation
of electric field with distance

r R ro——

M & g gr1 feat fig R au= ¥9 3 3mafia
Mg @A & HRUT fagld 89 $Hi diaar ATd Sl
(i) WY P qI8T

(ii) eI T TIs IR

(i) W &b 313

Fe A g &A1Y faga &7 & afadT 1 a21fA aren v
uT% Sifayl
mﬁuwmﬁmmﬁwwaswﬁmmﬁ

o= w510 T 3337 R &1 Ueh AT 0T F9 T +q 371420
J AT Bl 0 3MARTA Mial & HRoT foselt fog IR
a1 Mol & TTUe 3T! fRafd IR iR Sl 2l

(i) 5T g P MTATHR WA & qT16% I a1 &

U fdg P R fauR &3¢ 511 341 R & MR Tt &
TR I Bl 319, 337 r & UH Ml bl ST B3 5T
P & Bl &l g8 9¢ Jds Ay Hde & ¥
HTER &1 Ifop, AT UhaHTH ¥ I TARIA 81T
&, AU TAE B TP fog IR fae[d &7 RIS 81aT 8 371R
=TT ¥ A 181 1 3R foig erar 8l

r 3391 & 34T el A A€ Fadd 8T

®; = E.dS = $EdS cosé
=EddScos0, (.- 9=0)
=Eqdds

®p =E.4m2, (- §dS =4nr?) ..(1)

W TR Fd & 37ex UfRaqe 1A= q 81 37c: M
CAECEE

q) = q/eo ....... (2)
FHIHROT (1) 3R @), f6 AT HFA R
E 4mr? =q/e

E = (q/41m€0r) .....(3)
IRV FHIH0T H WE & fob fopt gam= 3mafra meg

IR b TeR fdeld & Sleh 31 & & THH Bl &

519 89 el &b the UR IHT 37TART oIl 8l

(i) fog P AT R Wil bl s IR (I &

sﬂﬁuﬁﬁ,r: R

THTROT3) ,

E= (g/41€0R?)

(iii) 579 faig P TR WA & 3R BT &

1T o &9 ST & b MieTTsR W@Ye ol &g mar 31masT
T8 TR T TG A eTdT & Mol &b 3783 DI 37a20

T g1 8l safey, M & Faw gry,

P = ;‘;(0} =0  _q4)

But, @, = c_ﬁl?_a?i =§EdScos0

hy
=EfdS=Edxr’ —(5)

FHET (4) 3R (5)7,

E4mr?=0

>E=0

AU, PR WieT & 373 fdeld & 9T - &l
&1 oy I o b ATy faggd &9 & uRac ol axifar &

FHNE3IRA, I, RS




Q.22. Two positive ions which have the same charges
having a force of repulsion of 3.7 x 10°N. The
distance between them is 5 A. Find the deficiency
of electrons on each ion.

Ans: Solution Given:

F=37x10°N,r=5A=5x10"1°m

Q.23.

F= I g9,

2

_41&'.':0
o 2
37%x10~° = m—"f
(5x1071%)?
g2 =37 107° x25x107%°
9x10°
=10-28x107%
g=32x10"""C
g=32x107'°
g=ne
32=10717
n=—"""_" =2
16x107°
TS 39T § S Soide i1 ol HHT I

Two point charges + 9e and + e are placed 8 m
apart. Where should the third charge q be placed
on the line joining the two charges so that q
should be in equilibrium?

4.=9.249 Ans: Let the charge q be placed at distance x from +9 e
F=;i'—'ii‘l charge, then its distance from e will be 8 - x.
dmey r
o s In equilibrium,
. 5 _ %10 xgq
3-7Tx10 —m +cge (i +e
_ 1 g —(x-8)—
dmey r’ < R >
9 2
3_“10_9:9):10:;;2 1 _9exg= 1 _exq
(5%107'%) 4me, x° 4wy (B—x)°
1='3"}')-(l‘:)'_g'>-(25>-<l‘l)_20 o 1
7 9x10° _22(8—1-}2
=10-28x107* 3 )
g=32x10""°C = = ;:
q=32x1071° * e
g=ne Taking + ve sign
3-2x107" -3x=
ntmz >24-3X=X
There will be a deficiency of two electrons in each ion. 24 =4xorx=6m
Taking - ve sign,
U 22. WA 314 T &1 EFTHD HTAH] DT UfdHyoT g 24 -3x =X
37 x 10°N 31 39 ig B gt 5 A 31 AS 3T A
goare i Bl BHI AT BT 24-2xorx=12m
3 F=37x10°N,r=5A=5x10""m Since, +9e and+e are similar charges, hence q will be
ql=q2=q in equilibrium when x =6 mi.e, g should be placed 6
] m apart from +9e between the charges.
q192
F=——-i2 X .
4msy 1! w8 23. 2) fg 377 +9e 37K +e, 8 HeR B G W @ MU
o - AR 3TA q DY AT 3T DY e aredl Yam o
37x1070 = 2X190 7 &1 @1 S0 b q AraTaea Har
(5>1077) IR T AU AT q BT +9 e TS A x G WA, Al e
A ZADT &I 8 - x BTN
HrTaRAT H,
HafT-12 (N — A IR, I, FTRES




Q.24.

Ans.

<< °
< \ g

Y

1 Gexg _ 1 exgq
dme, x? 4re, (8—x)°
9 __1
x2  (8—=x)*

x 8—x
+ve g &AT
=>24-3X=X

24=4xTqTx=6HI
W—Ve%;
=24-3x=X

24 -2x 9T x = 12 HIe?

qf%, +9e 3R +e THTT 3714 &, sATAU g AT=ATIRAT o
S x =6 |

An electrified rod attracts pieces of paper. After a
while these pieces fly away. Why?

When an electrified rod is brought close to the
pieces of paper, by induction an opposite charge
appears on pieces of paper due to which these
pieces of paper are attracted towards the rod. But
when these pieces of paper touch the charged rod,
charge of rod transfers to the pieces of paper due to
which there will be the force of repulsion between
rod and pieces of paper, hence the pieces of paper
fly away from the rod.

UH 24 U fae[digpd B3 HITST & sl PI 3TTHIud dec! 8

3TR.

HefT-12 (N

E) R 1< A TS 33 A &l a@?

519 fagldiopd B3 B Sl & [ & UTRT ™IT4T STTdT &,
1 ORUT gIRT HITST & ,'Wu%mmﬂm
% 5% SRUT BT & T ehs B3 B 3R 3TH N 8l
&1 o1foh 579 BT H A obs AARTAT B HI P &, A1 83
T 37132 BT &S chsl § WHTART & 51dT & 5ad
PHRUT B3 3R BN & ¢hsl & a1 UfadyoT §c 81,
ZAfIY BT & gobs B3 A QX 33 3T &l

FHNE3IRA, I, RS




CHAPTER -2

ELECTROSTATIC POTENTIAL AND CAPACITANCE
fRRRdera fava aur enfan

awFE v |

The process in which a region is made free from
any electric field is knownas _____________.

a.  Electrostatic forcing

a

b. -

c« fRrRdgd fava -+ 3maw
d.  fRrded fava - o -3masr
b

b.  Electrostatic binding Ans.
c¢.  Electrostatic shielding
d None of the options 5. The work done in moving a unit positive test
' P charge over a closed path in an electric field is
e ufsear 5 U &= 3t foset off faega &7 & qaa —
fearsmand, & Fq N ST SATaT 81 a.  Always1 b. Infinite
a.  TeRdegd Wi c.  Zero d. Negative
b. EISEU] L
c fRrdgd o U fae[a & ¥ U% 48 U9 W U $HTE EFTHD 33T
LS & CARSICICIEG R ZE R AT 2RI 2 ¢ SR
d. P13 faced a  EAUT1EETR b. 3T
Ans. . ¢ g4 d.  BUTHED
2. Three capacitors each of capacity C are added Ans. ¢
::na :;:::ce:ir;ln:ect'on' Then the equivalent 6. The electrostatic potential on the perpendicular
P - bisector due to an electric dipoleis - _______.
&l ¢ & i Farha &afden) doit 0 faen a.  Zero b. 1
FARM I 313 SATd & TG arfear 8 Infini 4 Neqati
N 3¢ b 3/C C. nfinite . egative
¢ 3 d. 1/3C faga fGga & HRUT i AAfguss W fBR dg@
Ans. c fava_ €@l
o a A b. 1
3. If a hollow spherical conductor be charged ¢  3Td d. BUMHSD
positively, then the electric potential inside it, will Ans. a
be__-
a. Zero 7. A surface that has the same electrostatic poten-
b Positive and uniform tial at every point on itis knownas —________.
c.  Positive and non- uniform a. Equal-potential surface
d Negative and uniform b Same potential surface
' c¢.  Equi-magnitude surface
;lﬁﬁlﬁia!ilﬂmﬁﬁ "iﬁ“‘lﬁl m?aﬁmﬁﬁmlas T>1e, d Equipotential surface
a. A U was 5ad ads fig w wae fRrdega fave
b. &R 3R U AHMA LG LA 2 S & ¥4 & AT AT 8
¢ HUMHEG 3R R-THE a WA g fawa qe
d PO 3R U A0 b, AT R degd fava qe
Ans. b « ki T
d  ¥Hfavg e
4. The formula for electrostatic potential is A"s ¢
""""""" ) . 8. Dielectricsare - ____
a Electrostatic potential = Work donexcharge a.  Conducting substances
b.  Electrostatic potential = Work done/charge b Non-conducting substances
C Electrostatic potential = Work done+charge ¢.  Semi-conducting substances
d Electrostatic potential = Work done-charge d None of the option
HafT-12 (N — A IR, I, FTRES




WRTAEA ETeAfagad ¥
a. ATl uard b.  PdTeieh gaTy
¢  HdATH® Uy d. &3 fadbey el
Ans. b
Ans.
. The electric potential inside a conducting sphere
e 13.
a. iszero
b increases from centre to the surface
c.  decreases from centre to the surface
d remains constant from centre to the surface
TS 910 87 & 3R feRdgafava
a [ Il &
b. PH<AYT DI ARTEAT
c PEAYEH ARTSA®
d  &eAYE ae Fudaie RREare
Ans. d
Ans.
10. The capacity of the parallel plate capacitor in-
creases when 14.
a.  area of the plate is decreased
b.  area of the plate is increased
c¢.  distance between the plates increases
d.  None of the option
HHTR U1 HETRA DY &1 ad 96 AT & 519
a.  UgIhI BT &l B &l ST &
b. T ATBA §¢ STl &
¢ UgeT s B gl ag e &
d.  PIs fasey T8t
Ans. b
11. A positively charged particle is released from rest
in an uniform electric field. The electric potential
energy of the charge Ans.
a. remains a constant because the electric field is uni-
form. 15.
b. increases because the charge moves along the
electric field.
C. decreases because the charge moves along the
electric field.
d. decreases because the charge moves opposite to
the electric field.
U |0 fagd &9 J s g=TeTsd ¥9 A 3AfRIa &0t
B! faRTHTETRYT A B3 37T 81 3131 B fRavdea Hatf
a.  fRREA1E 3 faggd &5 U I9m= 8l Ans
b.  dgdl & Juifcs TR fagd & o AT Tefa el '
c O3 8 agifes AL fag[a aF b A gearel 16,
d. S & Raifad 3TaRT fde[d &7 o faudic mifc ot 81
Ans. c
12. Equipotentials at a great distance from a
collection of charges whose total sum is not zero
are approximately
a. spheres b. planes
c.  paraboloids d. ellipsoids
PefT-12 (ifadn

3TN & TqUE SAST pa AT AN T A TN A R
fora aafava, muﬂg% = =@
a. il b.

C. TRAAITHR d.

a.

JIq g

S

A conductor with a positive charge

a. s always at +ve potential.

b. is always at zero potential.

c.  isalways at negative potential.

d. may be at +ve, zero or -ve potential

YATE® 3HTART ATAT U AT D

a.  BORITIATHS dgld fayd WR 8T 8l

b.  FHRIT A deld fava R Bl

¢  BHATTHUNHSD deld fava R 8l

d. +ve, 3 T -ve dgd fd37d IR 81 AehlT &
d.

Which of the following options is correct? In a
region of constant potential
a. the electric field is uniform.

b the electric field is zero.
c.  there can be charge inside the region.
d

the electric field shall necessarily change if a
charge is placed outside the region

fFofafea ¥ 3 &1 a1 fawea 98 2 v a9= dg@
faya s aa o

a.  ded &9 UP 99 &

b.  dEd &F L B

¢ &F P 3CR TR &1 HebdlT 8l

d. TfE Az &7 & TIex 3@ AT & al dgd &
3TA2Yh ¥ T ol STQIT

b.

64 drops each having the capacity C and potential
V are combined to form a big drop. If the charge
on the small drop is q, then the charge on the big
drop will be

enfear ¢ 3R fava v o1 64 91 & e U6
CEECEEI 1 afE BT 4a ur 313 q B, A &St
¥ R JTARTENT

a. 2q b. 4q

C 16q d  64q

d.

In a region of constant potential
a. the electric field is uniform.

b.  the electric field is zero.
c.  there can be no charge inside the region.
d both (b) and (c) are correct

FHNE3IRA, I, RS




R dgafaoEs aay

waﬁﬁam@mqmﬁaaﬁwasm

a fagd & us a2l gaﬁﬂaﬁﬁzﬂmﬁmmmﬁaﬁﬁtlm
b. foga&veg@er 0 WO A
c & 3R I AR T & T B 2 a@aﬁmﬁgmg’
d cFlo3RETNE b- I
e d ¢ UZIPI & dg deld fava AT 81 ST &
e d. eTfar MM ST & i denfA @ufien B
17.  Dielectric constant for a metal is HoA1 el §
a. zero b. infinite Ans. c.
¢ 1 d 10 21. Dielectric strength of a medium is 2 KV mm™.
fepeit arTq 1 WRTdegdis e What is the maximum potential difference that
a A b, 34 can be set up across a 50 pm specimen without
¢ 1 4 10 puncturing it.
Ans. b, foset mream &1 uRTdera WY 2 KV mm 1 81 31fasan
fava srax @ e 5 fam CaRic ]
18.  Adielectric slab is introduced between the plates f&u 50 ym A B rfua fesan st wasar &
of a parallel plate charged capacitor. Which one a 10V b. 100V
of the following quantities will not change? ¢ 1000V d. 10000V
a. the charge on the capacitor Ans. b.
b.  the electric field between the plates of the
capacitor ‘ Subjective Question (fwafs wsn
c.  the energy stored in the capacitor
d. the potential difference between the plates Q.1. A500pCchargeisatthe center of asquare of side
10 cm. Find the work done in moving a charge of
FHerfea 61 g1 (@eh & di DY . . .
10 pC between two diagonally opposite points on
rmﬂ'q?r ﬁmmél?ﬁﬁuﬁﬁaﬁﬁaﬂ#m the square.
a q:[a'rﬁqq-\x m Ans- The work done in moving a charge of 10 pC
b Faﬁiﬁq@ﬁ(ﬁﬁﬁaﬁﬂﬁgﬁ aF between two diagonally opposite points on the
c' [eTeE o SuET it square will be zero because these two points will be
’ . . at equipotential.
d. el & dfa Fyifad ded fawa
Ans.  a. UH1 U 500 pC 3TA 10 AH YSIT AT Ueh a7 ob by A 3T
Tt 21 avf R &Y faesof (fRe) faudia fagsii & da 10
19. The capacitance of a parallel plate capacitor de- HC'®H mﬂaﬁﬁaﬁﬁ.mwmmml
pends upon_________ IR- a1 R fave faudid fdg3it & ol 10 pC 3marr ot &
a.  thickness of the plate iﬁ%@wm?ﬁ atfes 4 AT fig wmfawa
b mass of the plate
c.  density of the plate Q.2. Define the term ‘potential energy’ of charge ‘q’ at
d.  areaof the plate a distance r in an external electric field.
. frar 2 A Ans- Itis defined as the amount of work done in bringing
HHTR ﬁﬁf A w FR 8 the charge from infinity to its position in the system
Z’ 5 - in the electric field of another charge without
c' Eﬂ - acceleration.
d. UEIHT &l &Th w2 foe ared fagga & & r gt W 33U g B TRl
Ans. d. HaIl e B gfHIia &1
20. The separation between the plates of a charged R E‘E%Tﬁ as N 3? m@g;ﬁl ?ﬁjg $r§
parallel plate capacitor is doubled by keeping the W’@ﬁﬁafma‘lﬁﬁl mw ’
charge constant. In this case___________
a.  potential difference is halved Q3. A point charge q is placed at point O as shown in
b.  the capacitance is doubled the figure.
c.  the p.d.between the plates is doubled E_ - e
d. the capacitance is halved but the energy of the = B A
capacitor is not changed
HafT-12 (N — FMEIRA, A, TRES




Is the potential difference V, - V; positive, nega-
tive or zero, if q is

(i) positive

(ii) negative?

Answer-

Qs
Ans-

Distinguish between dielectric and a conductor.

Dielectric Conductor

Conductors are the sub-
stances which can be
used to carry or conduct
electric charge from

Dielectrics are the in-
sulating materials
which transmit electric
effects without con-

ducting. one place to the other.

U 5. WRIded 31} Faras § 9 S0l

As OA > OB, so the quantity within the bracket is ~ 3%%
negative. tmﬂ’qr—r AT D
(i) If g is positive charge, Va - Vg = negative I.E aq“ ((g: SE; Fca'aamwg 2 (aﬁ.sgaa) q UET: il
(ii) If q is negative charge, V, - V; = positive gﬁﬁ?‘fﬂﬂlﬂq & fagld | fagra 31mdeT &1 U T
UYTd AR e & A QR W dh A ST
U3 U fag AU q D faig 0 uw v man & st fos R A a7 FaTfed B & Ay
feamar maT 81 ERIEIRCHIE]
E_ N T Q.6. Two charges 2pC and - 2pC are placed at points A
< B A and B 5 cm apart. Depict an equipotential surface
. . of the system.
uﬁ%%?ﬁﬂuﬁamw-vsm,mm A y
ns-
i
(i) gqTHD
(i) BUMTHD?.
3dR- V. _ V 1 q _[ 1 g Equipotential surfaces of the system
A B [E 6;?} 4me, OB]
=—4L9'[o—l‘$] W4 6. Y 3TTARM 2pC 3R - 2pC g3 A 3k B W 5 At A
R 3Q Y ¥ fiven 1 v wfava was &1 fafxa
fdh OA > OB, AT HI8H B AR HI AT HBUMAB &l 3Tz~ DAl
() Tfe q EFTHD 3MTARTE, V, - V, = BUTHD
(ii) & q SUTTH 3TARE, V, - V, = STHD
Q4. Why is electrostatic potential constant
throughout the volume of the conductor and has
the same value (as inside) on its surface? Hafava (@de)Ys
Ans- Because Electric field inside the conductor =0
Q.7. What is the amount of work done in moving
dv dv a point charge around a circular arc of radius r
E=- - @ 0 .. V = constant at the center of which another point charge is
located?
U4 YATA® (bsaed) S QAT H R dg@ fwa g Ans-  Being an equipotential surface, work done will be
" ¥ (Fradis) § @l et #? zero.
IR- I JATAD (@Hsde?) b iR fagd &7 = o &dT 8 ) )
% 7. 33491 ¢ & U qUTBR 919 $ TRI 3R U fdg 3man
iV iV B WATART B J foma1 Hrd erar &, 5o b o
E=- - — =0 .. V = constant U 31k fig 3mazr feaa aar &2
r ’ IR FHTIHE Y8 89 & HROT {haT a1 ot = 81
Vv = adics ) ) . )
Q.8. Derive the expression for the electric potential at
any point along the axial line of an electric dipole.
Ans- Consider an electric dipole consisting of two points
charged -q and +q and separated by distance 2a. Let
P be a point on the axis of the dipole at a distance r
from its center O.
HeafT-12 (1T — FMEIRA, A, TRES




2a Ans- Consider a dipole with charges +q and -q placed in a
B uniform electric field E such that AB = 2a as shown
A_“; o) P ) in the figure

1
. . . . . 2a xR i 2a sin © B
Electric potential at point P due to dipole is, v : >
1
1
V=V,+V, CqBe— g _ 1
orve 1 -4, 1 a Since the dipole experiences no net force in a
> . . . . .
drmeo AP drep B uniform electric field but experiences a torque (1) is
orVe_—+__9 , 1 _4 given by
4mg, r+a 4me, r-a
or v = 1 [ 1 __1 :| ;.:?.XE <+ T =pE sin
dme, | r-a r+a
or V= 4:( [(’ s ",,’_(:_“}] It tends to rotate the dipole in a clockwise direction.
1] re =

To rotate the dipole anticlockwise work has to be

or V = ﬁ ;x_z:z done on the dipole.
orV- L _ P 2 02
dne, r? —a’ W= / Tdf or W= f pEsin 0d6
..where [p is dipole moment [p = ¢ x 2a] 4 4
For ideal dipole : a << r 05
So a2 << r2 ' ~ V= 1 > or W = pE[—cos8]p,
o T W =—pE[cos0,— cos 0]
uys. faega fRea & 31afy Yy & srfeer fee fag w U=—pE [cos8,— cos ]
dgrd fava & Ay a1t F1ma Hfs0l

3R- 7 forar fos U fagrd feera @, f5md &1 31mdfRia feig g > o >
3R +q & 51 2a < A 3T &1 O AU P fegad 3 ey FHo. dErd & B A Rigra 3mmepof P dega Rega 1 fewde@
m%wﬁgjﬁwmwﬁga 1 ﬁqﬁsra—aﬁasﬁwmama%m

24 TR AF AT U W e &9 E 3 333 +q 31k q
< > & AT YD fEE[d AB = 2a 3117 o faa o femmar mar @
A —_—————
- a ., .
(i—- W —De— 4‘, /Iq/:—) aE
< ' > ;'2" A §2aslne E
fee1a & BRT fag P W fagra fawa &, D o |
—qE€———# - ———————
V=Vi+Vz
orvo 1l -4, 1 g g% fegdha U U fgd &9 ¥ 315 g8 90 &
ine, AP 4nme, BP Y 61 BT &, Wi Uab STeof (1) BT 3THd Bl
1 q 1 q B
or V= - . + .
dne, r+a  4dme, r-a N .
. | T=pPxE . T = pE sin &
or V = 1 [ - :I
4mEG  r—-a r+a
or Ve 4 [rea—(r—a) u@fﬁ%gaﬁa@mnaﬁﬁ%ﬂﬁqqmﬁlﬁqaaﬁm
Ine, | 2 -a? gAT & iy fggla iR B AT usar 8l
or V = %%"% 62 62
ME r=-—a .
1" ) W= f 7df or W= f pE'sin 8d0
or V = ane; 7T a2 o1 th
..where [p is dipole moment [p = g x 2a] or W= pE[_ 0086]22
For ideal dipole : a << r 1
So a? << r2 ' v _ Y » W =—pE [cos 8, — cos ]
4!:!:,, 2

U=—pE [cos,— cos ]

Q.9. Derive an expression for the potential energy
>
of an electric dipole of dipole moment P in the
>
electric field E

HefT-12 (N — AN E 3R, I, TRAS

Q.10. Two point charges, q, = 10 x 10%C, q, = -2 x 10°C

are separated by a distance of 60 cm in air.




(i) Find at what distance from the 1st charge, q1

Let AP =x then PB = 0.6 - x
would the electric potential be zero.
T q2
(i) Also calculate the electrostatic potential :_ ; ;3
energy of the system. Potential P due to charge ¢, = ___‘;lir:
Ans- (i) Given:q; =10 x10%C, q,=-2x10%C Kq,
Potential P’ due to charge q, = BP
AB =60 cm=0.60=0.6m Potential at P =0
Kq, | Kg q -4
Let AP =x ar B0 "0 = AP~ BB
10x<10°%  —(-2x10°%)
Let AP = x then PB=0.6 - x - xr = (06--1
= 2x+10x =6 = 12x=6
ek 2 1
r p B x=o = 0.5m
. _ Kqy
Potential P’ due to charge g, = AP - U 37T A S = 0.5 Hiex = 50 A,
K "
Potential P due to charge g, = qu-,g— (i) AT BT iZRaQE FRufdsT a1l @
Potential at P =0 E = Kgig2  -9x10% x107 x2x107%
K, K o _ 4 _=% L 60 x 1072
AP  BP AP PB ~ -18x107
10x10°%  —(-2x107%) 0% 1072
x B 0.6 -x _'"_3 4__13 -5
= 2x+10x=6 = 12x=6 = o X107 =-3x107 Joule
1 UorE, ==-3x10"° Joule
X= 5 = 0.5m
Q.11. Calculate the work done to dissociate the system
.. Distance from first charge = 0.5 m =50 cm. of three charges placed on the vertices of a
.. . . triangle as shown.
(ii) Electrostatic energy of the system is
£ K99, -9x10% x107 x2x10°®
neor T 60 x 1072 10cm,
~18x107°
= —'T
6:(;.\(]0 _4Lq oo +24
=75 X 107 = -3 x 1075 Joule
X Ans- Initial P.E. of the three charges
UorE, =-3x10" Joule g
] wo= 1 [ M2 , B9 | ©is
Q.o. ) feg 31742, q,= 10 x 10°C, . =-2 x 10°C FATH 60 AHT T oamey | v r r
B I A 3T A # R
_ 1 [a-49) (-49)x29 gx2q
(i) 31T D10 o6 gam 31md20(q) A fmat g R dega dmeg | v r r
fava = g
. N 1 10 -9x10% x10x(1.6x10717)?]
(i) TaeAT B FRrdea fRufast St &1 ot T 3 T Tame, ¢ 010
3R- () fear mar &q1 = 10 x 10-8C, g2 = -2 x 10-8C o o
9% 107 x10x 2.56 x 107" x 100
AB = 60 IHT = 0.60 = 0.6 H a 10
THTAP = x =-23.04 x 10 = =2.304 x 1078 ]
Final P.E,us=0
.. Work required to dissociate the system of three
charges,
W =u;-u;=-2304 x10%]
HafT-12 (N — A IR, I, FTRES




U 11. GRATY 3;—[1\'1“ fryst & fief o faa @19 3maWT & Ans- (a) Equivalent capacitance of the network,
e & faaifsa s 9 fey 1o & & ot
A0 (a) Y&dqch Y AHI Y (HHDBEN ETRAT,
A Cin= % =4 uF(" being in series)...(i)
10"/"/ 10 cm Ceq = Cia3 + Cy = (4 + 12) UF = 16 pF
/ ...[From (1)
e e2a B HQ=CV, Q=CV
s Q=500 %12 x 10
IR IR p. E. =1 3TTaT BT =6000x 10° =6 x 102 C
1 (492 %20, 910: )
U= 41:%[ 1,2 +%“I‘,‘“] Charge on capacitor, C,
— 3 It
_ 1 q(—4q)+(—4q)x2q*qx2q - C4:-6>$10' C
Coameg| 1 r r (1) Q=Cp V 1 -LC
. \ o = (4 x 10) x 500C/T T
___1 102 -9x10°x10x(1.6x10710)?] 2% 105 C ﬂ,.Qz .
dne, v 0.10 ‘ —|
" . Charge on each of | @ G
_ -9x10° x10x12(.)56x10 <4 x 100 the capacitors -
- -23.04 x 10 = -2.304 x 10 ] Cy, G and Gy
=2x103C R
AT PE u=0
- 1T 3TARAT BT YUTTeT DY 3eATT b & foiQ 3marges Q13. Obtain the expression for the energy stored in a
Caph charged parallel plate capacitor.
W = U - Uy = 2304 x 10° ] Ans- Energy of a parallel plate capacitor.
Potential of capacitor = q/C
Q.12. A network of four capacitors each of 12pF
capacitance is connected to a 500 V supply as Small amount of work done in giving an additional
shown in the figure. charge dq to the capacitor,
C, dW = L x dq
———— C
c,L ica Total work done in giving a charge Q to the capacitor
C 3 )
il W = qJ'Qi=l[£i|qAQ W _Q
500 V— 20€ 2LC Lo 2C
Determine As electrostatic force is conservative, this work is
(a) equivalent capacitance of the network and stored in the form of potential energy (U) of the
capacitor.
(b) charge on each capacitor. ) o
Y. 12pF gTRET a6 R FarTia ($afEe) $T gd Aead w13 I am-" YR “E'ﬁﬁ'tl“ T Tt Hef ¥ A s
500 V 3T | 3731 & 3tw o o o feaman man 21 e v !
' IR- AR UgIeT HETRA (ATl Tie BUTHeR) Bl Ha1il
CI? TJTRA 1 ariar= q/v
r TeiA &1 31fafRad 31aR1 dg S o fosar maT &,
CI - ;Ca
c, j AW = % x dq
500 V—— HefAd BT 1A q S H fopaT a1 o drd
IECHEGKIIELY 4=Q S .
W = Ii=i[£] w2
(a) ATaSH & AAGEA(ETDE) arivar 317 LR A ig 2C
(b) TS HeThA WR 915t
HeafT-12 (1T — FMEIRA, A, TRES




S fos fRRRdgE GoaeRefem) I el 8T & U8
HrE e o fRafast 357fU) & F9 o JuEd arar 8l

Q.14. Derive the expression for the capacitance of a
parallel plate capacitor having plate area A and

plate separation d.

Ans- A parallel plate capacitor consists of two large plane
parallel conducting plates separated by a small
distance. We first take the intervening medium
between the plates to be vacuum. Let A be the area
of each plate and the separation between them is d.
The two plates have charges Q and - Q. Since d is
much smaller than the linear dimension of the
plates (d? «< A), we can use the result on the electric
field by an infinite plane sheet of uniform surface
charge density. Plate | has surface charge density o
= Q/A and Plate Il has a surface charge density -0,

the electric field in different region is:

Area A

Surface charge
density o

Surface charge -
density —o

Outer region I (region above the plate 1),
o o

Outer region Il (region below the plate 2),
=2 9 -
- 280 250 -

In the inner region between the plates | and I, the
electric fields due to the two charged plates add up,
giving

1Qd

&oA orV =

The capacitance C of the parallel plate capacitor is

then
. Q _ gA
C=v=-
i 14 QTBA A TUT UZIPBT JUEHUT d a1 FHTR
Fenfa & enfyar & Ay a1 FA1a Il
3R IR JerlRA o a1 93 TR ATeIh
(@hsfdem B € 311 U BIT gt A 37T 81 8l
UEA &9 & &9 & greny &1 Fafd @a g 094

W0 A TAD qg"ldolw&uqaméa.ﬂ?j—idoaﬁﬂéﬁaﬁ
d 81 21 UgTehT UR 377a%1 Q 37R - Q 1 b d wiet & b
3T (d « A) F 9§d BICT 8, 89 fagd &5 IR IR &1
3TN T TS 32T 8- Dl 37d JHAA MIE gRT

HefT-12 (N

IR T 8l Tie | BT Y8R 3G 8 0 = Q/A 3R e
|| T gETF HTIT T -0 &, fafee & of faggd & &

Area A
I ~
Surface charge bkt o bR R T S

density o

\‘ﬁr++t+++1~+oJ

=l 1111

Surface charge
density —o

Outer region I (region above the plate 1),

=2 _9° _
E= 2eq 2eg
Outer region Il (region below the plate 2),
- g _° _
- 280 230 -

e | 3R 11 3§19 3 3R & H, &1 AR gt &

6 o o6 Q

-0_Q _pq . 1Qd
~2_6'6+§E-5-£0-€0A orV=Ed= ==

THTR Gie T T amfdT C 8
A

Q e
C=v="

Q.15. Define an equipotential surface.

(a) Draw equipotential surfaces:

(i) in the case of a single point charge and
(i) in a constant electric field in Z-direction.

(b) Write two properties of equipotential surfaces.
Ans- A surface with a constant value of potential at all
points of the surface is defined as ‘equipotential

surface’

(@ (i) Equipotential surface for a single point charge.

(i) Equipotential surface in a constant electric field
as shown in the adjoining diagram.

(b) Properties of equipotential surfaces:

(i) No work is done in moving a test charge over an
equipotential surface.

(i) No two equipotential surfaces can intersect each
other.

FHNE3IRA, I, RS
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(@)

Q.16.

Ans-

HefT-12 (N

(i) Equipotential surface due to an isolated point
charge is spherical.

(iv) The electric field at every point is normal to the
equipotential surface passing through that point.
(any two)

Ty g8 @ uRefia S

(a) FHfava g8 if0:

() fETeT uTse 1St & e § 37k

(i) z-f&=m A fuR faega &= ]

(b) Fafava g8 & 2 7ot fAfaml

JTE( ge) & AT g3 R fRRde@ fava & w9 a9
T ] ICTE (YT) P HHGHT AAE () &b F9 H TfuTferd
ICRIEIGIE]

(i) gohod fag 31aRT & fe U FAfda gs|

———

(i) U R & o Imfayra ge s fos e 3ma
e e
(b) FHTHE J¥ & T[UT:

(i) Uob HHTGYT A8 YR Uch UN&UT 3TART T FATTA IR
T 1 DIg B e fopaT FTar Bl

(i) 1 +ft &1 AHIGYT g8 Ueb G I 8] bIc Aebdl|
(iii) GUeh faig 3Td2T b HRUT AHATGHT Y8 T 1 il 8l
(iv) T foig IR aa3afagd arel FAfGHT
qgasamﬁﬁé:mﬁg?ﬁéa)ﬁg T

Obtain the expression for the potential due to a
point charge.

Consider a point charge ‘Q’ kept at point O. Let P be
the field point at distance .

At some point p, the electrostatic force on the unit
positive charge is

_ Qx1
4’@0"2

(O e e g

QP———ve---e b
IR Ay

+Ho

Work done against this force ¥ to ' + Ar is

Q
W=-
AW == AY
Total Work done ‘W’ by the External Force

from o to r
T_Q Ql
W = - = e | —
I dnegr? o [4&;0!]_
. _Q
4“07’

Hence potential at this point

Vow-=_9
47‘80"

¥ 16 fag 31 & HRUT fawa & fAy a1 Fra HfE0I
3R - fdg 0 R faig 311921 °Q WR fagR & 7F WY f

A rRaxfagp el
ol fig R p), Uahias eFTaRT R dgd 9 &

et fog 31Ta2T +Q & HRUT dgfd &7 WR faaR =l &
51 & Y3t A udRia fosar sTran g |

A1 o5 U ST -TeHD TRETOT 31TART (+1) BT faig P IR
RGT STAT & IS AT +Q AT A G x B

7T fiig P OR fareget & efierT, (3181 Q & bR 1 & |

A dx E
@ r P)
K— >

K X N

-1 _Q

E 47[80_1'2

3k SHIS TS 3MaRT ((§g P R dghd & & HROT
6T F AT 8 |

_ _ 1 Q
F—1><E—47_[80 2

g8 9 fag P o a1d 31R o7l ol

T, SHTS T AT P, AT Q fH 3R d 7 adb
foerTfa fosar siTaT &, 0T o & fovo fpar mar o1y,

dw=—Fdx (. cos180° =—1and F = E)
Q

4me X2

dx

dw =—
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HHT, 3bTs ITHD TR I 37-d A fdg A e (1
é@iﬂﬁﬁ%ﬁ%l)wmélﬁwwaaﬁu
HA BTy |

X=r

r
_ Q _ Q
/dW N ./ 47‘[50)(2 dx 4TE
o0

X=00

2
x dx

R
I W ure -1 L. 4meolx L

__Q L_L]_ Q 1. .1_

T 4ne[r o _47'E€oxr(' oo_o)

g8 B (w) fig A TR, 37d2T Q & HROT dggd favg
W BT |
Hd v 1 Q

- 4mep r

Q.18.

Let it be Q. . 6. G c
1 2 3 n
v,=2 AL S
G
v I+
; Q
V, = E-':

Total potential

V:V1+V2+V3+.‘.+V"
voR,Q. Q. . Q
CI Cl C3 Cn

A\ 1 1 1 1
—_— e — e — L —

Q ¢ G G C,

1 1 1 1 1

= —=—t—t—t...+—
C ¢ G G C,

Derivethe expressionforthe effective capacitance
of a parallel combination of n capacitors.

. . . Ans- The expression for the effective capacitance of a
Q.17. (a) Define the Sl unit of capacitance. parallel combination of n capacitors
(b) Derive the expression for the effective C
capacitance of a series combination of n V+| 1|-
capacitors. + B
&
Ans- (a) When a charge of one coulomb produces a V4 o
potential difference of one volt between the plates HF
of capacitor, the capacitance is one farad. C
Vi 3— ds
(b)The expression for the effective capacitance —+| —
of a series combination of n capacitors In series
combination, charge on each capacitor is the same. |
Let it be Q . |-I'v
: G, C; G4 C, — .
V. = Q === T In parallel combinations, potential across each
1 C, capacitor is the same.
vV, Parallel Combination of Capacitors:
. in parallel combination.
v = Q i) Potential is same across each capacitor
n
Cu ii) Charge is distributed in direct proportion to
Total potential )
V=V, +V,+V;+..+V capacitances
- > n
ie. g=0q,+q9, +
\.":—(:‘)---‘1-(;)1—2-c»...+2 47T
C, G Gy C, Butq,=C\V,q,=CV,q;=CGVandg=CV
y_1r, 1,1, .1 S CV=CV+GV+ GV (Where Cis the
Q ¢ G G C, . )
) . . . . equivalent capacitance)
= T gte Tt orC=C+G+G, xa
The effective capacitance is the sum of the
U8 17 (a) ITRET DB S.| A D iRy B individual capacitances.
(b) n FeaTRA @GUfHED & 4T FEE S gaTE
& fere 31t ATl This equation can be generalized for n capacitors.
MR- (@) 59 U PeATH TR FETRA BT (UEIPBT) Tiet &b dd The equivalent capacitance will be,
UH dlee Bl faaT<R 3T BT &, a1 &1fdT U i Cp =C1+C2+Cs...+Cn
e &l 16 Al S < Y e e 5
(b) n SUTHCR P ARG IAIS S gTel i &b foy D AT |
24 ) . . . smyer 3% n JTFET & AR A1 D g9TdT amiar & fou
Tofee YT JAS H, gdh Jara R N Aaleh TR JAIo H, Ud® TeiRa &1 fava qq=
T B B Bar &l
HafT-12 (N — A IR, I, FTRES




9=Q:1+Qz+Qs

34, Ifp &9 3114 & fob 39 Jf & fawa woH &, arfdr &
T 3UYNT BRD, g=CV &9 A D JeTRA & 37Td2T &

guqamm%,

C|1=C1V ;Q2=sz ;C]3=C3V

P TR AT 371 FepelT &,

CpV =C+V+C2V+CaV

Cp =C++C2+Cs

S HHIDHRUT bl n JATRA P Ty ATH=A IR fohat 511

Hhal &l TAET eTRar e,

Cp =C++C2+Cs...+Cn

g8 FHIAR HUTRA A &

HeT-12 (tfaedn — AN E 3R, I, TRAS




CURRENT ELECTRICITY

CHAPTER-3 ﬁﬂﬁ EITRT

awqfE au |

(d) None of these
forxit areTes & ueTd HY ufeRterasar faf st @

1 Ohm’s law is followed by (@  oTaTs b)  ITIRA BTE
(@  Conductor (b) Semiconductor © d9HE d =T AP TE
(0 Insulator (d) Both(a) & (b) Ans- (O
o513 gr1 39 & fFram 1 ater faan sren 31 6. If n cells each of emf E and internal resistance r
N {b) Hd.a AP are connected in parallel then the total emf and
©  pdledd (@ < (a) 3R () internal resistance will be
Ans (@) g faera ares @ E;;‘Iﬂ? sfrafves ufasve aasﬂ;
TR Iaqa dred dof
2. Drift velocity V4 varies with the intensity of 3frafys ufarg %EU Ea
et e e et
is dir roporti
b Vd o ylp P tional to E (@ nEr/n (d) nEn
4 is inversely proportional to Ans. (a)
() V4 is constant
(d) Vqis directly proportional toE 7. The resistivity of alloy manganin is
. (@  Nearly independent of temperature
3794TE a1 V,, faera &9 $i diaar & a1y fooq d9a & (b) Increases rapidly with increase in temperature
3I§¥|REIET-'|?IT?6EII% () Increasesrapidly with decrease in temperature
@ Va, E;T 3TPHTI E%% (d) decreasesrapidly with increase in temperature
(b) Vg Eh HchH ﬂQIFi .
o V"ﬁm.ﬁ% frsr erre A B wfeRYeresar
@ Vd 3 4 (@) aroE A R TE Hrar g
o, E @ 3TIeRATIUTd (b)  ATIHT B ggfer & AT A0 A gear &
Ans- (@ (©  aTaHT ¥ o & ATy At A agdr &
3. Kirchhoff’s junction rule is based on conservation @ q 19 EERL LI §
of Ans-  (a)
(@ Mass (b) Charge 8. The equivalent resistance of resistors in parallel
(© Energy (d None of these combination
- ) ) (@ Increases (b) Decreases
foraies o1 #fer Fram fepads dreror o senfya @ () Remains same (d) None of these
(@ SoH (b)  3TTaRT o . '
© I ) ST AP TE HAFTAR FA1e § faRiel &1 $o ufae
Ans- (b) (@ dedle (b) TESHATT
(© dEwATe (d) A A PIg A&
4. Kirchhoff’s loop rule is based on conservation of Ans-  (b)
(@) Mass (b) Charge . .
o. In a Wheatstone bridge if the battery and
(©  Energy (d)  None of these galvanometer are interchanged then deflection
favaTes BT o7 (A1N Fram feads FRaroT R et in galvanometerwill
2 (@ Change in previous direction
@ TImE by 3T Eb)) ﬁhin%e in opposite direction
. , C ot change
@ 3 @ ST A DI T (d) None of these
Ans- (0 , .
o sfever Aq ¥ aft deht 3tk Her B 3maw
5. The resistivity of material of a conductor depends ee f&an sy & fedHeR A faggor dm
on @ fUowfemd (b)  fqudre feem &
(@ Length (©  ufad= &l e (d  ZTH A PIs T
(b)  Area of cross section
() Temperature
HeafT-12 (1T 5 FMEIRA, A, TRES




Ans- (0 Ans- (a)
10.  Acell having an emf E and internal resistanceris 13.  Which of the following is correct for V-I graph of
connected across a variable external resistance R. a good conductor?
As the resistance Ris increased, the plot of potential ErafatEa §
difference V across R is given by % e & V-1 716 & feiw LEEZERIRL
faera are® ad E 31R 31t ufeRig R atet U d@ v
Y U a1ed) wfarrer R A sitst s1rar 1 st @ ufater R
FoTaT STTdT &, R ¥ FuTfad 31aR 3R v &l 378 gy (b)
e smar 1
I
g ' .
®) Vv
i (@ (d)
0
H
v T = | |
i Ans-  (a)
(e) v ) | )
o ' 14. In the series combination of two or more than
R two resistances
Ans- (b) (@)  the current through each resistance is same.
(b)  the voltage through each resistance is same.
11.  ABis a wire of pf:tentlometer WIFh t'he increase in (© neither current nor voltage through each
the' \iallue'lr:) resistance R, the shift in the balance resistance is same.
n
point I wifl be . R (d)  both current and voltage through each resistance
L AR are same.
) ¢ . : N :
] s 2 T 2 R 317 e w1 e
(@ towards B (@ IS UfaRIe A HAM fdefd &1 uRaTied el
(b) towards A b IS UfaRre WR fgyaiar FH 8l
(d) first towards B then back towards A. @  JAS Gl & Are F faed e AR favataR
HEIREIE
AB U& UiiRmaTfiey fawanmd) s1ar & Gt 5o |,
gfeR1er R & A1 § qefar & A1d Ao fa<g ) fva 31
fRrore g e -
. A 15.  The resistivity of alloy manganin is
r e j S (@ Nearly independent of temperature
A B
PN | (b)  Increases rapidly with increase in temperature
(@ B HIAR (c) Decreases with increase in temperature
b) ADIHR (d) Increases rapidly with decrease in temperature
© fRRIEA1E .
iy g A B ufcasan &
(d) U B I 3R AR arqH A 1 3R k. .
(@)  dTIHT A ST TS
Ans- (2 (b)  ATaHT ¥ g fer & AT AN A ggard
12. Which of the following I-V graph represents (© draHm ﬁ@ﬂamqﬂfﬂ 2
ohmic conductors? (d) dT9EE H HH B JA1Y ds11 F FedT ?
ﬁaﬁﬁaﬁﬂaﬂqml-vmaﬂﬁmmaﬁ Ans- (@)
(a) i i
1
o \Y% Q v
HeafT-12 (1T — FMEIRA, A, TRES




Subjective Question (faroaf=s wsn

Q.1. The plot of the variation of potential difference across
a combination of three identical cells in series, versus
current is as shown in the figure. What is the emf of
each cell?

B8V

0 > i
1A

Ans: Total emf of three cells in series = P.D corresponding

to zero current = 6V
.. The emf of each cell =6/3 =2V

U1 @ § 9 7HE A9 S FaeE § favaiar am
faga e R A R mar 8 IS AT HT1E YA U
(EMP ET#?

6V

0o > 1
1A

IR 4@l H 1 A BT Pt fdeg[d aT6h a0 = fa9aick
fagd aRTIR = 6 V & 3[FU
- IS A DT fag[d THTaT 967 = 6/3 = 2V

Q.2. A wire of resistance 8R is bent in the form of a
circle. What is the effective resistance between

the ends of a diameter AB?

4R

N

. 2
H

i
V‘V‘/\A.\j\f\l
4R

A

,[\-’ ‘J\'lflt’l

&

Ans: The effective resistance between A and B

_ 4R x4R _ 16R?

- - = 2R
eff — 4R +4R S8R

UH.2. 8RUTGRIE P U AR U a1 & ¥ & q3T T #l oI

A 37R B & &g gwrdt ufae

4R x4R _ 16R?

L ———— e =2R
eff T 4R+4R S8R

R

Q.3. Two conducting wires X and Y of same diameter
across a battery. If the number density of
electrons in X is twice that in Y, find the ratio of
drift velocity of electrons in the two wires.

Ans:
v n
I = neA v, A _ Y
vdy LU
Ya 1
As n_=2n, ==
: P 2

UH.3. U del A 99 AT & ol Haresd ar X 3R vl afg
X ¥ fagra &1 a1 g9 Y A A 8, aF S ARl o
SMaCIA] & 3UATE AT &I U ATd HIAUI

3R

I = neA v,

As n, = 2n,

A resistance R is connected across a cell of emf
¢ and internal resistance r. A potentiometer now
measures the potential difference between the
terminals of the cell as V. write the expression for
‘interms of €,V and R.

r= [%—1)R

U U (R), emf (¢) 31k 31Tafie ufaRier () & Uh
A A 37371 ¢l U favanm da & cfifaal & dg
frarR S vEFa T amaardl r  fAue, VIIRRS
el o arstes fAf@ul

r= [_%—1)1{

Q5. Show on a graph the variation of resistivity with
temperature for a typical semiconductor.

Q4.

Ans:

Y34,

AB & fERY & o ymat ufaser aar & Ans:
4R T
WA
3 % —
A '_‘i g -B T
L’ S
-z"fwm.\;»ﬁ‘ Resistivity of a semiconductor decreases rapidly
4R with temperature.
HafT-12 (N . A IR, I, FTRES




4.5

efarae & fay arau & |19 ufarersar o famar

5V
I U UTH R @yl A
3T 1 1
T agn ‘]2'00 v
P A _
ns: a1 =
‘‘‘‘‘‘ Value of current, 1 = 2005 =5A
T ’ 39
Q.6. Two wires of equal length, one of copper and ygg oy s1Tafte ufeRa & U 5 v dedt 200 v e 31k
the other of manganin have the same resistance. 39 0B UfeRIg A s & 31-\=n 5 o o famar maT 21
Which wire is thicker? ERT BT {TH 3ATd
Ans: AsR = ol WA= ol S A —
A R 1
v 9 ]t-1¢
For both wires R and | are the same and p copper<p 3s o 200V
manganin.
.. A copper < A manganin EREE _200-5 _ 5A
i.e. Manganin wire is thicker than copper wire. 39
Us.6. WH TS &b &1 dR, U @i BT IR GEITAMAAST Q9. The emf of a cell is always greater than its
U & afarier 81 S A1 aR dier a1 terminal voltage during discharging of cell. Why?
3R ol pl Give a reason.
AsR= = A= = . . .
A R Ans: Emfis the p.d. when no current is drawn. When current
' ) is drawn, there will be potential drop across the internal
ST aRY & fag R 31 | 79 & 31R p HIIR < p HMIAAI resistance of the cell. So, terminal voltage will be
L ABIR AT less than the emf.
31T #T19 &T R did & dR I AT 8ldT 8
udo. AW & fAdeT & ﬁﬁﬁrﬁgi{ﬁﬁaﬁﬂﬁ%ﬂ
Q.7. A 10V battery of negligible internal resistance is 38 cfdad |/ fas
connected across a 200 V battery and a resistance garéal
of 380 as shown in the figure. Find the value of 3R fJgd dT6® g fAUATAR (p.d) & 579 Bl Iaq;
the current in the circuit. @$3 E” 8l 19 Hic Wid1 3 'E %Eg:!ﬂ
gfcRier 8 FuTfad fiRrae 3mgrt
oy : qrech a1 A HH BT
r i Q.10. A cell of emf ‘E’ and internal resistance ‘v draws
L aan T ! a current ‘I'. Write the relation between terminal
38 200 Vv voltage ‘V’in terms of E,l and r.
Ans: V=E-|
Ans:  Applying Kirchhof s rule, we get 200 -10 = 190
v 190 w410 aTes 9ot B’ 3R 3RS ufader @ S v s
andl= o =—2-=5A U ar | @iadt 3l e st v S FEa HE, |
3R r & T B f
wH 7 07 Hafie gfalar Bl 1o VA IEA B 200 VA 3w v-E-|
dedt 311R 380 & ufaRte | st siTaT 2 St fos o o . M bt I
feamaT T &1 9ty ¥ €T BT 6T AT ST Q.11. Define the term ‘Mobility’ of charge carriers in a
oy conductor. Write its S.I. unit.
— i 1 Ans:  Mobility of charge carriers is defined as the
1—_ 1 pagnitude of the drift velocity per unit electric field
T aen 200 v UNIT m?/Vs
3 fHvarts & fAUH & UR 200 -10 = 190 V TG 1T 8 pe | Ya|_ex
Tl E| T m
_ vV _ 190
and I= T a8 5A
Q.8. A 5V battery of negligible internal resistance is
connected across a 200 V battery and a resistance
of 39 O as shown in the figure. Find the value of
the current
HeafT-12 (1T — FMEIRA, A, TRES




U4.11.

3R

Q.12.

Ans:

UH.12.

Qi13.

Ans:

UH.13.

HefT-12 (N

fopet aTeies W 37TA2T aTedl &l TR A< B
qfyfda &4 59T S A fafa@yl

3TART AT BT TTTaRTeTdT bl Ul Yehich fagld & Ed
37UQTE 91 & UfATOT &b F9 H gfvefya far mar 21

HIAD m?/Vs

V.,
E

313

p:

Define the term ‘electrical conductivity’ of a metallic
wire. Write its S.I. unit.

The reciprocal of the resistivity of the material of a
conductor is called its conductivity ‘0’

o = 1
P
The Sl unit of conductivity is Q*m.

enfeas dR &t fagd aradbar e S afvufia B
@I S.I. A fdfEul

ot TTeTh b UaTY &bl UTaRIEThdl & HhH I 3HDT
ATADAT '0’ BHEd &l

oo 1
o]
ITeAdhdT bl UH 3118 HEdh 0'm* Bl

Define the term ‘drift velocity’ of charge carriers
in a conductor and write its relationship with the
current flowing through it.

Drift velocity. It is the velocity with which a free
electron in the conductor gets drifted under the

influence of the applied external electric field
-—p
= _etE_ 1

47 m " neA

T is average relaxation time.
n is number of free electrons per unit volume in

--where| b conductor.

N
m is mass of an electron and E is electric field.

fosd! T § 1AL qTEDI & '3TUATE AW Ug Bl

gfywifia Hif5rg aar 399 yarfea 81 aret arr /@

Fa®! Hag fafagl

379dTE dT1- € J8 911 & f5b 1Y dgaey ¥ U o<

gﬁaﬁqmwmﬁaﬁmﬁqmﬁwﬁam
|

E_ I
S5 et
Va‘ = — —
m  neA
T is average relaxation time.

n is number of free electrons per unit volume in

...where the conductor.

.
m is mass of an electron and E is electric field.

Q.14.
Ans:

YUi.14.

Q.15.

Ans:

YUH.15.

Q.16.

Ans:

Y3.16.

Q.17.

Ans:

State the underlying principle of a potentiometer.

When a constant current flows through a wire of
uniform cross-section and of uniform composition,
the potential difference across any length of wire is
directly proportional to its length, i.e,
Val

gefRer (favanmdt ) & 3rafifea Rgaia o1
ool

3§ UhanaH PHIEHE JRM ) 3R THIHE
e ITe dR § 1RR gRTyarfed sidl 8, a1 R & e
ﬁwmﬁwﬁmﬁmm%
37414,

Va l

Explain Why there is increase in resistivity of a
metal with increase of temperature?

With increase in temperature, the relaxation time
(average time between successive collisions)
decreases and hence resistivity increases. Also,

i
me? T

P =

resistivity increases, as relaxation time decreases
with increase in temperature.

AT HIfAY o 19 78 uR foh=t arq Y ufaierssar
e H gefar & ATy fIYT=l BT @i capl &
a9 3tad T oF @ SA1aT & 37k safey ufaRiasdn
¢ STTdT 8 ofY,

m

p = 1!102 T
gfcRIedhdl g &, ifcs aTaH H ggfer o ATy fasm=i!
PTe gl 8l

Why is a potentiometer preferred over a voltmeter
for determining the emf of a cell?

Potentiometer does not draw any (net) current from
the cell; while Voltmeter draws some current from
cell, when connected across it, hence it measures
terminal voltage. It is why a potentiometer is preferred
over a voltmeter to measure emf.

oo A1 1 fagd 16 a1 AATd B & fAy dieedier
B 319811 fayaaTdY Y dadT ) <) STl &2

grefRrETeR fayaamd) I A HIS () Be T8 Jigdl
& 579l dTeeHic? Ad A B P Widdl &, 579 33 A
A SNST 1T &, 3AfU U8 e aleesT ol °H19dT 81 g8t
PR & b qTEd g1 HTUA & iU dleeHIer i
GEEIERCIER (favaHTdY) 1 AT fHehdT & ST 8

Derive an expression for drift velocity of free
electrons in a conductor in terms of relaxation
time.

In the absence of an electric field the electrons
motion is random and the net velocity is zero. In the
presence of electric fields, they tend to flow opposite
to that of the electric field in the conduction. If
an electric field ‘£’ is applied across a length | of

FHNE3IRA, I, RS




the conductor, the electrons will experience an

. eE
acceleration,a= —
m

If the average time for the acceleration is T, the

U118, e fsT T &, Al = | 1Y ) R I fig 2 mar anl
R

X

! \{_g

-

velocity required is A Y B
> > > > _ eE > _ [ 9
vd=utat=at ..vq —_K’EJ vd|="_"1 (i Raﬂvxmaqﬁ 31k fope 31Taw o gew g ol
. . . . <. AT feafa o et
g#.17. fasm=i HTer & Faof § U Hsaes | gad smag -l & s ) )
3794Te a7 & fAQ U 5T U &1l i) afe Aeamier 3k 3@ &1 faafa o
IR S%ﬂaaﬁaiggﬁﬂﬁﬁgﬁwﬁaﬁnﬁm 3T9H ¥ g & sy, af dqeq fog $9 vwifaa
& 3R 3cd %g?ﬂﬁ%l & &1 3Uffa &, g"_“': , .
3 Trei o a7 & faudia A7 8 afe fagg 3T () I 651/ oo - ) F F&e FATU,
& E ITeTdh Sl oTdTS | TR oITTAT STTdT &, AT Sedre 1 ol
RUT T 37]¥d BT, a = eE/ml R_ | and %=%=$
X T 100-1
e RoT &1 37T THg ((G8m=dt STen) 18, @Y 379aTE o
B (i) o8Tc¥c I fost & Rgeria &
>
> > > > ek > _ ek R 1 100 -1
d=utat=at ...va=—_ T,/vd|=— T = = (
\ uta a Vd m v | m X = 700 =7 = X =R \ ]
Q18. In the meter bridge experiment, balance point n x
was observed at ] with Al =1.
;‘-R‘"v ">vs-‘v ! ——100 = el
P G
I 1':
¥
A { J 8 — = o q
' sAfAy, fied-THieR ﬁ?ﬁaﬁmﬁwﬁmm
(i) The values of R and X were doubled and then ?' E?}I gaﬁ%ﬁﬂ%a!ii Eb% ﬁi aagfqﬁ {mlliaq‘iﬂliﬁ
interchanged. What would be the new position of 1 ’
int?
b“alance points . Q.19. State the principle of a potentiometer. Describe
(i) If the galvanometer and battery are interchanged briefly, with the help of a circuit diagram, how this
at the balance pOSItIOI’], hOW W||| the balance pOInt device is used to compare the emf’s of two ce"s'
?
get affected: Ans:  Potentiometer: A potentiometer is a device used to
Ans: (i) Balance point will change from | to (100 - ), measure potential difference.
R 1 2X X 100-1 A B
X =01 ™ RIRTTT
(ii) From the principle of Wheatstone bridge -W
R__1 =>X=R(100—r]
X 100-1 (S Principle : The basic principle of a potentiometer is
R X that when a constant current flows through a wire
of uniform cross-sectional area and composition,
! the potential drop across any length of the wire is
A J‘_‘m"—"‘" directly proportional to that length.
i vl V=Ki
Hence, the galvanometer and cell are interchanged, where [K is called potential gradient
the condition for a balance bridge is still satisfied.
Therefore, the galvanometer will not show any —*llllll;@)*—(}-(
deflection. Battery , Rh
A L Ji J2 B
B y
e
E2
When the key K is closed, a constant current
flows through the potentiometer wire. By closing
HafT-12 (N — FMEIRA, A, TRES




Ys.19.

key K, the null point can be obtained by cell E.
The jockey is moved along the wire and adjusted
till galvanometer shows no deflection. Suppose,
Al =1 is the balancing length for cell E. Then E=kI,
where k—Potential gradient Now, let the null point
of cell E, be obtained by closing key K,. Let Al, = |,
Then, E=KI,

SE/E = 1/1
fayqumt &1 facaia garsyl g afbe 37E H

be determined, is connected across a resistance box
through a key K>, as shown in the figure. With key K-
is open, balance is obtained at length 11 (AN, then

e:d)h

When key K: is closed, the cell sends a current (1)
through the resistance box (R). If V is the terminal
potential difference of the cell and balance is
obtained at length I, (AN,)

mgﬁmﬁ‘mﬁgsq%wa;mmﬁ V=0l (i)
fopar STaT 1 o e So, we have £=:— ...(111)
2
IR qﬁm&%g STeT 3TN faaR @I But e= I(r + R) and V = IR, this gives
e (r+R ]
A B V_( R ] i)
From (iii) and (iv), we have
R+r_ 4 ~R|A_ )
—+*~—_——~é’h:©—ﬂ_ R L =7 R[zz 1] 49)
faceta : fayvanTd &1 0o Ricerid as & i 59 gheaa Using equation (v) we can find internal resistance of
IYRY PIE §Ae 3R Toc aTel dR A FRR &R the cell.
Udifed &Il 8, dl dR ol fhadl off oiars R Jurfaa . P &1 N et % 31
fRTae 3T oaE & 32 U¥.20. U W H JEIdl A/, U HATaR®
valemsV:;l{?liqm &l RRYe @Y Fraffe o & fe o | DR
_ (ryrauTdl ) 1 3ugi HH foear a8, saeT Gag §
3181 [K T favd Uqurar ed & qoia &I
3R 3UBIUT UE Wi MY Afche 3G & IR R fopar
\rm"_@L(. a7 B
Battery K Rh
ZZ
A L Ji J2 B
B Y
i
E>
59 311 K BT da bl 3ATdT &, dl favarTdY (@R .
dR & ATeAT A U AR R yarfed et 31 gt K FoT ( fagrd ateeh a1 o), SRyt 3iTdfze ufde o
P §< Bep, e E, GRT [ fg Tt ot 51T e B e fopam ST 8 geb Poft 3 mren & ufomiel sia
STTdHY BT 1Y 3 HT FATT ST § 3R 79 a9 FHTA B 3{37 &3 &, 5t feo e o feama 1 &1 sl Ke o et
a1 STTaT & 516 db [ TeamHIeR Bis f3dy 7 gyl B A, TGS I: (AN:) TR AT UTed 8T &, a0
HH #1510, Al = |, A £, P fiy Iqer o1are &, R E, = 4l ,
kI, 5T8T k—dTfad Af3Ue 319, AT E, BT 4 fag 717 of ez 0
DT K, BT d¢ HYb U fHaT ST HevelT & AT AT 319 i1 K2 BT dc & Fera STTelT &, Y A Ufever aremd (R)
Al =1, TR, E =K, P HTEAH I BT (1) 371 81 fE v A bl SfiTe JTfad
CEJE <L/ 3R & 37R ¢&TS |2 (AN2) O [ T fopaT ST &
v=o, (i)
Q.20. Describe briefly, with the help of a circuit diagram, e 1
how a potentiometer is used to determine the So, we have —=E -.-(iid)
internal resistance of a cell. But e= I(r + R) and V = IR, this gives
Ans:  The apparatus is set up as per circuit diagram drawn e (r+R
here. 7=( R ) ...(iv)
From (iii) and (iv), we have
R+r_ 4 ~R|A_ )
R h =7 R{Iz 1] ..(v)
TAHIDBIUT (v) BT YU Db §H Aed bl TR Ufder
STd R Fehd &l
The cell (emf €), whose internal resistance (r) is to
HeafT-12 (1T = FMEIRA, A, TRES
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Q.21. Use Kirchhoff’s rules to determine the value of
the current I1 flowing in the circuit shown in the

figure.

30Q I,

AANAA -
L4 o0 20v Y

|
Ly 3 A
e
80V 20Q I

=1+1;

U ABCDA ¥, fohTth o gaR fad o1 3ugT & WR,
&H YT hdl &

80-201,+301,=0

= 20,-31,=8
In loop ABFEA, we get

80 -201,+20-201, =0
= L+=5 [+ by 20] ... (i)
Putting the value of I, into (iii), we have

[+ by 10] ...(i1)

Ans:  Using Kirchoff’s first law at junction E, we get L+ +L)=5=222L+1 =5 .. (i)
Solving equations (ii) and (iv), we get
p 00 C 3
LA 20 Q 20V I =_ZA=_O'75A
£ fmer——fi——{F
T ’ 3 () R BT [ ouifan & s o 1 e gy
R | B 3@ o g21fg 178 farm o faudia 2
20Q "2
80V Q.22. State Kirchhoff’s rules. Explain briefly how these
Lt rules are justified.
2Tl Tk Ans:  Kirchhoffs rules,
In loop ABCDA, using Kirchoff's second law, we get 1. Kirchhoff’s junction rule : At any junction, the sum
80-201,+30L=0 of the currents entering the junction is equal to the
) sum of currents leaving the junction.
= 2L-31,=8 [+ by 10 ...(i1)
In loop ABFEA, we get 2. Kirchhoff's loop rule : The algebraic sum of
80-201,+20-201,= changes in potential in any closed loop involving
= .12 +1,=5 .  leby2) .. (i) resistors and cells is zero.
Putting the value of 1 into (ii), we have _ These two laws are justified on the basis of law of
[, + (|| + [2) = 5 =2 1_2 +1,=5 ..(iv) conservation of charge and the law of conservation
Solving equations (i) and (iv), we get of energy respectively.
3 . . .
11=—;A=—0-75A wH.22. fvais & Fram sarsdl Gaq § sren Hif5 S 2
fFraw fora yer <mafaa &1
So (-) sign of current indicates that the direction of I fopzars & |
current is opposite to that as shown in the circuit 1. frwiw o1 afe oy - fadt oft afer gz afea o yaer
diagram. T ATl gRI3AT &1 T JG F Fpa are! arT3it
o o fezamy 7o wfde A yarfea Feffa Fme el
Y21 gRT 11 HBTHT o . .
e B 10 et o forre] a1 g a1 2. Rl oty v SfRRYelt 3 et ey fasel s
CESYCRE) TfRaci= &1 SISTTTOT I g1 4 Tl
30Q Iy &l
L o ov Y 3 2T g R 3TTIRT IR&0T Fam quT H1f IR&0T
! 20 Q | & 3mgR W IrEfEd g
|——— AW l e ——td
Ly 3 A
L
sov 20 I
IR T GTRM) E R fHETH & 99q (90 &1 3091 6HA
R, 1 UTW & &
D S C
LA 20Q 20V
E —~www—q—[ —F
Y ]3
I
A— I—waw-—l»— B
80V 209Q "2
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Q.23. Estimate the average drift speed of conduction
electrons in a copper wire of cross-sectional area
2.5 x 107 m? carrying a current of 1.8 A. Assume
the density of conduction electrons to be 9 x 1022

m3,

Ans:  Given : A = 2.5 x 107 m?, I=18A,
m=9x 108 m3, vy=?
We know I = neAv,

| 1.8

Uy = = b3 19 7
A (9%107°)x(1.6x1077)(25%107")
=005%x102m=05x10"m

= 0.5 mm

UH.23. 2.5 x 107 m* 3TTURY HIC ATH dT d1d S TR ¥ 1.8
A gRT YdTfed & dTel 9Tdc seiadel=l &1 3itad
379qaTe Tfd BT 3BT Bl AT SHacid] bl

gcd 9 x 10%° m* A W 3171
S Given:A=25x107m2  1=18A,
m =9 x10% m=, vy=1
We know I = neAv,
I 18
4T A (9x10%)x(1.6x1077)(2.5%107)
=005%x102m=05x%x10"m
= 0.5 mm
HefT-12 (N —
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CHAPTER - 4 MOVING CHARGES AND MAGNETISM
TfamT 311937 3R T
- | Q4: 19 fHHY IS & ATEAT A HIC YaTfed foar sran &
e Y 9% 37Ud BT &
Q1: Magnetic field is not produced by: @ s . : &4:3[
(@ A charge in uniform motion (o) d ' .
(b) Acharge at rest © 1 & 3R LRl
s @ SR A
(0 Anaccelerating charge
(d A decelerate charge Ans- (b)
Qu BT & BT IedTe el €I &: Q5: 1 ampere current is flowing through a wire
(@ UDIHM A & 37TaRT o of length “ | “. It is placed parallel to uniform
b TaRTT 379w & IE magnetic field.The work done on it will be:
(© U @iRd 3a @) %ibl
(d TP HEd 3maTH
(b)  2Ibl
Ans- (b)
() Zero
Q2: A current carrying coil acts as a magnetic dipole. (d) 2Bl
If area of the coil is A and magnetic moment is M
. o Qs: “[”masuaiawﬁchﬂu?amuaﬁaa‘rm%
then current flowing through the coil is: | S THEHH W ai'ﬂ'FnTﬂ?l'\’ &1 ST 21
(©0 MA (d M .
(a §1b1
Q2 U fagd aRTuaTEd areT Hise Jadbid fgea b ¥4
q Prd BT 8l af HusH] BT aabd A 3R (b)  2Ibl
3rrgof M 2 A HosH! J 98 aTet arT E: (© Zero
(@ M/A by A/M (d 2Bl
(0 MA (d M Ans-  (0)
Ans-  (a)
Qé6: In an electric circuit:
Q3: A moving charge produces: (@ Ammeter is connected in series and
(@  Only electric field voltmeter in parallel
(b)  Only magnetic field (b)  Ammeteris con.wnect.ed in parallel
©  Electri q tic field both and voltmeter in series
¢ ectric and magnetic field bo (©)  Ammeter and voltmeter both are joined
(d)  None of these in series
Q3: U TfaH 9131 370 HIdT & (d  Ammeter and voltmeter both are joined
(@ pac fagd &= in parallel
() et JHBIY & . Q6 U fag@ uRag i
©  fagrd 3k qadbra & <A (@ TR P Fufiey & 31k Alcerficr 31
(d ST AP T TR S § ST 7T 31
Ans- (0 (b)  UHYCR P FHHIR HH H 3R dTeeHieR Sofiepn
) ¥ 7 S1ST ST 8
Q4: When a currerft is made to flow through a © UHIeR 3R dreeHiex gl @ Aot o
conductor then it produces: i
(@  Only electric field i @
Y o (d)  THIeR 3R dleeHeR SHl BT AR oH
(b)  Only magnetic field ST ST 1
(c)  Electric field and magnetic field both
Ans-  (a)
(d)  None of these
HafT-12 (N — FMEIRA, A, TRES




Q7: An o- particle is moving parallel to the magnetic Q11: Magnetic effect of electric current was discovered
field the force acts on it will be of: by:
(@ 1IN (b) 2N (@  Fleming (b) Oersted
(© 3N (d o () Faraday (d)  Ampere
Q72 U o-HUTYIHId &7 S GAFIR IA BT 8, SH IR Qu:  [Ie[d &RT & JahIg UTd b Wi v Hi-:
T qTEAT e S: (@  TfET b 303
(@ 1N (b) 2N © I8 (d TER
(© 3N d o Ans- (b)
Ans-  (d)
L L . Qi12: A proton enters a uniform magnetic field of 5T
Qs: A charqe partlc!e IS moving In an u!'nform mag- with velocity 4x10’7 m/s at right angles to the
netic fieldIt will experience maximum force field. The magnetic force acting on the proton is
when: (Charge of Proton= 1.6x10™ C)
(@ It will move parallel to magnetic field @@ 32x10:N (b) 32x10:N
(b) It will move perpendicular to magnetic field © 23x10°N d 3.0x10%°N
(0 It willmove at angle with field Q12 TS W STQ‘TWWW O A yder et
(d Allthe above AT AT 4x107 Hie/AHs &l WeH W @A arel
Q8: U 3TART HUT Ueb WA Yaeb1d &F ¥ 1ifet o 3eT 81 FahT a1 T (ST T HAA = 1.6x107 O
T STTEIEHTTH T T A B 7 @ 32x10"N (b) 3.2x10%N
(@) T8 JIHT & S FAAR A ©  23x10"N @ 30x10™N
(b)  TEYdhIT & & viad TMid DT ' '
(© U8 AT TR P DIUT P AT TAT Ans- (b}
(d  ITRIed I , ,
Q13: Two long parallel wires each carrying a current of
Ans-  (b) 1 Aiin the same direction, are placed 1m apart. The
. . . force of attraction between them is
Q9: The resistance of a galvanometer is R, resistance
of ammeter is R, and that of voltmeter is R,. (@ 2x107N/m (b)  2x10**N/m
Which of the following statement is correct: (0  1x107N/m (d)  4x107N/m
(@) RG> RA> RV (b) RG< RA< RV . . ,
© R.R.<R @ R.=R.<R Q13 A TR AR AR, Gl A dds A gs I famd1 A
¢ RacRechy AT Re= Ry EIRT aTfe 81 XE1 &, U e A 1 Mer B g W Ty
Qo HeIeR &1 ufadia & R, UHier &1 ufadia & R, 3R 81 37 19 TduT I &
Aeedicr B2 Ry | Fafdf@ad aslaars ad @ (@  2x107N/m (b 2x10*N/m
(@ Rg>Ry>Ry (b) Rg<Rp<Ry (@  1x107N/m (d)  4x107N/m
(c) RA< RG< RV (d) RA= RG= R\/ Ans-  (a)
Ans-
ns- (@ Q14: The expression for Lorentz Force is
Q10: Which of the following statement is incorrect: (@ F=qE (b)  F=q(BxV)
(@  The resistance of an ideal ammeter is infinite () F=qlE+(VxB)] (d)  F=[gE+(VxB)]
(b) resistance of an ideal ammeter is zero Qua: TG B & Ay o= #
(c) The torque acting on a coil in uniform @ F=qE (b)  F=q(BxV)
magnetic field is maximum when its plate ©  F=qlE+(VxB)] (d)  F=[qE+(VxB)]
is parallel to the field Ans- (o)
(d) The magnetic field is not uniform at the
centre of current carrying coil Q15: The magnetic field at a point at a distance r from
. the current carrying wire is proportional to
io: FadAsF TS TEa# @ Y (br r':
(@ TP el UHeR o1 ufaRig 317d erdr 8l . .
(b) U 3TeRf Uriler o1 ufaRler = & 8| © + CUN
(© ST R T I IV SMEBATIEAT Qs oRTETEr AR A r A R FRya fopait filg R aehra &
8 519 3ADI Wic I A TDIY & b TAHIAR HATUTH! 81aT §
RGIE (@ r b r
(d) ST &P o H G §F YHAHH & slaT & | © % ) r—12
Ans- (@) Ans- (d)
HeafT-12 (1T — FMEIRA, A, TRES




Q16: Which of the following equations represents Q20: UHUR & ufradg fam & 31 9R
Biot-savart law? > - - -
_MM > _ﬂ|d|sin6 (a)§—8"d'=0 (b)fﬂ'd"="ol
(@ dB= 3 (b) dB=-_"—7 —
4T T 4T T > - - - Hol
Copo XY — o 1dl X7 (c)§3xd1=o (d) § B.dr ==
(0 5 (d dB= — 3
dn r i r Ans-  (b)
ie:  FFmfeifEa o @ &9 @ arieter amle -aed Faa &
wfaf-rfere #var & Q21: When the ammeter is shunted, its measuring
(@ dB= ﬂ@ o ip=teldlsn® ls’;ne range
an r o x (@) Increases
> Idl X ? — [l El) X })
© daB Z; . R (b) decreases
r r () remains the same
Ans- (d)
(d) may increase or decrease
Q17: Dimensions of permeability is Q21 T4 UHIER B ¥Te fanaT SITaT &, @Y S@eht TTa &Y =T
@ [MLT2A?] (b) [MLT?A?] N T STEeTg AT ? '
© [MLT'A? (d) [MLT?A1 (@ dgdls (b) TeaTd
(© dEwATE (d) §¢TTHuc Hebdl &
Qi7: Ul &1 faa g7 #: A (C) '
(@  [MLT?A?] (b) [MLT?A?] ns- e
(@ [MLTA? (d) [MLT2AY Q22: An electron enters perpendicular to a uniform
Ans- (@) magnetic field. The path of the electron will be:
(@  Circular (b)  Parabolic
Q18: If the number of turns in a moving coil (c) Linear (d) Spiral
alvanometer is increased its sensitivity:
J Y Q22 U goiagi UhHHT Jdehid &4 & tirdac Yl Bl
(@ Increases ?
(b) decreases %I 5 1 a9 T 5
(c) remains the same @ (b)
. © s d afte
(d  may increase or decrease A .
ns- a
Qis: afe nfauT HUse ea=Tie ¥ guTal B FAT q81
ﬁmmmmaﬁam Q23: Dimension of magnetic field is:
EE’) g (@  [ML°T2A1] (b) [MLT?A?]
© aEEard (0 [MLT'A?] (d)  [MLT2A1
@ 9GIATHC ADATE Q23 TN &7 B g HA ¢
Ans-  (a) (@  [ML°T2A7 (b) [MLT?A?]
() [MLT'A? (d) [MLT2A1
Q19: Unit of magnetic field is
Ans-  (a)
(@ Wbm? (b) Wb/ m?
(0 Wb (d Wb/m Q24: What is the effect of increasing the number of
. turns on magnetic field produced due to circular
Q19: YADHIT &F B 3HT8 & coil g P
2 2
() Wbm (b) Wb/ m (@ Increases (b) decreases
(@ Wb (& Wb/m (c) remains the same (d) none of these
Ans- (b) . .
Q24: & PHRUT 34T YabIg &F U B DY
Q20: According to Ampere’s circuital law il T T TS 5T &
(@) deals (b) "TaTs
@ §Bxdr =0 ®) § B.dl = py! © a@zEard @ T ABIE T
N o o 7 Ans-  (a)
(c)§3xd1=o (d)fB.dr=%°—
T Q25: Mention S.I. unit of magnetic field :
(@) Gauss (b) Tesla
()  Weber (d) None of these
HeiT-12 (FHfahHn — SAAE IR, e, RIS




Q25:  JADIT &F P S.I. IHTS BT 3IW B Q30: If the current through loop of a wire is tripled, its
(@ mH (b) CFAT magnetic moment will become::
© dR (d) ISl @ Half (b) Doubled
Ans-  (b) ()  Fourtimes (d) Tripled
Q26: What is Lorentz force Q3o qﬁﬁ;;\qﬁawasqqﬁuaﬁamaﬁ?ﬁqqmawﬁm
(@) Force on a moving charge in a magnetic field e, 1 {
- . (@ 3ATaT (b) QAT
(b)  Force on a current carrying conductor in a N
uniform magnetic field (@ AR (d) T
(c)  Force on parallel current carrying conductors Ans-  (d)
(d) None of these
. 1: Whatisth f Gal :
Q26 iY¥es aoT T & Qs3 o atTls the use Z ﬁa :anon:]eter' y
@) SaeBT & TR 3 R A a o measure deflection when current is
(b)  UPHAT JaHIT &5 ¥ STRTATE TToh TR e passed in the circuit
© THTER SRTATEl ITeqoh] U7 §of (b)  To measure the potential difference
d) FH A PISTE ()  To measure Voltage
Ans-  (a) (d)  None of these
Q27: Acharge (q) is moving in a uniform magnetic field Q3 2 T ;m%: : ;
(B) such that velocity (v) is parallel to B, then the @ ?'Iﬁr T TR @ ey
force acting on charge is:: b) favatdr &1 A9 & AU
(@ Zero (b) qvB (© dlees q1uA & fe g
(© qgB/v (d) None of these d TTH A BISTE
Q27: UF 3T (q) UHHAT Jabig &3 B) FgH R ifq ANS- @
& 38T & {5 A (v) B & AR 2, af 341331 R B ) ) )
FA TATTA L Q32: Dimensions of magnetic moment are:
@ ¥ (b) qvB (@ [M°L2T°AY (b) [MLT?AZ]
© B @ FTHHDRE © [MLT'A7] @ [MLT?A"]
Ans-  (a) < 3
e Q32 TEH Tl Hi faurg &
Q28: A charge (q) is moving in a uniform magnetic @ [M° L ToAT] b [MLT*A7]
field (B) such that velocity (v) is perpendicular to (©  [MLT"A7] (d) [MLT?A7
B, then the force acting on charge is : Ans-  (a)
(@ Zero (b) qvB a S1 unit of i ti
() gB/v (d) None of these 33: >.Junit of magnetic moment is:
(@ IT? (b)) Am?
Q28: U HTAR ( YabIg &7 (B) ¥ 3H UK Tfd © T @ Amd
awm%ﬁs%mv) Basmaa% T HTAA R BT HA
AT I & Q33 TEHIT HTYUf HTS| AHES 8
@ ?;Fq (b) qvB @ 72 (b)  Am?
© gB/v () STHADISTE © IT d Am?
Ans-  (b) Ans-  (b)
Q29: Two parallel conductors carrying current in the q34. po magnetic field lines always form closed loops
same direction will
(@ Yes (b) No
(@) Attract each other .
(c) Sometimes (d) None of these
(b) Repel each other ) . ) ]
(©)  Neither attract nor repel Q34: AT LA mmﬁ?““ﬂj%qﬁn §
(@ @ (b)
(d) None of these . !
i ) © @t (d)  FTH A DI TEl
Q29: U €l e d aRT aTfed A AT QA TAAICRATAD ()
(@) WP GH Pl HATHId BT
b) TP I I fdpduT Har Q35: When a magnetic dipole is placed in a uniform
(© T 3T T 37k 7 & fadyor e magnetic field, it will experience
@  FTHA DT (@) Aforce but no torque
Ans- (@) (b)  Atorque but no force
HeafT-12 (1T — FMEIRA, A, TRES




(c) Aforce as well as a torque

Q3:

Which fields are produced by a moving charge?

(d  Neither a force nor a torque Ans: A moving charge produces both magnetic field and
. . . electric field.
Q35 519 U Y1y fGE[d I U HAHH Jahid a7 ¥ @0
STl &, |l 98 37¥d S Q3:  TIFHT 3113 GRT B | &F 3 8 87
(@ U d oifch lg aci TS 8l IR U TIAHT 3191 & gRT Jaebrd & 3R fagd & <At
(b) U gt 3ol AfehT BIg a7t T EERInIE
©  UDTA IR AT YD A 3 1o Q4: Which fields are produced by a charge at rest?
@ 7T R T A 37 Rl Ans: A charge at rest produces only an electric field.
Ans-  (b)
Qa: fER3MUTRI A 4 3T e &2
Subjective Question (fwafs ws | 3R FRR 1A & TR P faeld & 37 e & |
Q1  What is meant by magnetic field give its Sl unit Qs: Whi:h :iel;js are produced by a current carrying
Ans:  The space around a magnet or a current carrying conductor? .
conductor in which its magnetic influence can be ~Ans: A current carrying conductor produces only
experienced is called the magnetic field. Its Sl unit is magnetic field
tesla. Qs: ﬁmﬂmﬁmﬁaﬂﬁmﬁmﬂsmaﬁqﬁm
Q1 YIDHIY &F BT o1 34 § 2 $HBT SI HAS gl | 3o ' o
IR US q9d °1 fAEd OR yaiRd @Y A g 3 % ?%ﬁﬂ?ﬁﬁ#ﬁmmw%gmmdmgdwq
AT 1 W 57 386 qaha 9Td &l 31Hd 3
a1 ST AT &, JIDHIT &7 HEATT ol THADI S| D o .
ST B Q6: Draw the magnetic field lines due to a current
carrying straight wire
Q2: What do you mean by magnetic field lines? Ans: L
Mention the properties of magnetic field lines. "
Ans:  The magnetic field line is the path along which an @@,
isolated north pole will tend to move if it is free to
do so.
Properties:- Qe:  faeld a1 yaTfed 89 aTdl AR & HROT YAHIT &
. o : @1 Hifeol
(IMagnetic field lines are closed continuous curves. 343 Ky
(ilThe tangent at any point of the magnetic lines CR—
of force gives the direction of the magnetic field at Q‘é@
that point.
(iiilNo two magnetic lines of force can intersect each
other. Q7: Draw the magnetic field lines due to a current
(iv) Magnetic lines of force are crowded in the region carrying circular loop
of strong magnetic field. Ans: )
Q2 YDy &F @13 A 31T 4T "9 §? qahig aF
ar3il & 1ot feAf&ul
3R YghId &F @1 98 Y ¢ 57 A1Y Uh JUsh 3 ¢d
T T Afe 98 YT i & foig T &l
s Q7. HRTETE JATHR 7Y & HRUTIEHIT &F Y@y SR
(i) YIS &F IQ@TU d< AR g 3@ 8lell 8l IR 1
(if) T & @3 & Tt +ff fig TR TRl W@ 39 foig s
R JFhIY & 1 f&=1 aare! &l
(iii) T Y T YehIg & IWTY U GHR Pl T8 bred! &l
(iv) JEHIT &F YQTY Uad Jacbrd & ¥ g1 8rd &l
Q8: State Maxwell’s right hand thumb rule.
Ans: If a conductor carrying current is imagine to be held
HeafT-12 (1T — FMEIRA, A, TRES




in the right hand such that the thumb points in the — Qio: URATHT &1 arew faw faf&wl
direction of current then the tips of the curled fingers 3@ TU 8T & 3T 37K Usd! &1 3nfaal & TR cgad
encircling the conductors will give the direction of fem3it & g e A Bery S dsi 3fe J
the magnetic field lines as shown in figure & o feRrm o 3R g 3w &R 1 feomm o
ST BT 81 A1 3ST ITeicd R Tl S op feRTm
Maxwell's Right Hand Thumb Rule ®l I
TMotion (Force)
Magnetic
Q8 Hawad & a1fe €19 & 37[S &1 a0 qarsv |
3t ?nggﬁtwlgﬁ% qﬁ% €TRT B 22T ﬁa?_gﬁ Qi1: Differentiate between Ammeter and Voltmeter.
gé;g‘s‘ 3fforai e ra 9o Y@t df ferm S s fs Ans:
A fegmar mar & Ammeter Voltmeter
Maxwell's Richt Hand Thumb Rule 1. It is used to measure | 1. It is used to measure
“ = electric current flowing | potential difference
in an electrical circuit. between two points of
an electrical circuit.

P 2. A galvanometer can|2. A  galvanometer
be converted into an|can be converted
ammeter by connecting | into a voltmeter by
a small resistance | connecting a large

Q9: What is the Lorentz force ? (called shunt) in parallel | resistance in series to
Ans:  The total force experienced by a charge moving with it the galvanometer.
inside the electric and magnetic fields is called 3.Itis always connected | 3.Itis always connected
Lorentz forcellt is given by : in series with an|in parallel with an
electrical circuit. electrical circuit.
F=qgE+qgvxB 4. Its resistance is very | 4. Its resistance is very
e v low. An ideal ammeter | high. An ideal voltmeter
has zero resistance. has infinite resistance.
Qo: Nl a@ 9T &7 —
IR e 3R B A1 3 3R AT 3 gRT 3w 01 UHieR 3R dreerier f 3R e A
U 0 Bl 1 BT ARSI Ic1 Hel ST el TETAIPR  37I%:
fea AR aeeex
~JE 1. SHDT 3UANT fagd | 1. gHPT U
Feghitpxh gftay ¥ yarfed fae | afuy & o1 g3t &
force Sforce EI-RT a#" Il-%qff a‘j ﬁv aﬁﬂ- ﬁﬂa-l? W ﬁ
o1 71T & oy 71T &l
Q10: State Fleming’s left hand rule. S—— f =T 7 f 5
Ans: Stretch the thumb and first two fingers of the left gﬁ e ¥ sa® ;Zﬁuﬁ w1 UP I
hand in mutually perpendicular directions, if the AR UP 3709 |ufadg sieew gd
fore finger points in the direction of magnetic yfilg B 91 ®ad | deeier ¥ ufafidg
field central finger in the direction of current then ¥ Tex uRatdd | fsar 3 aedar 2
the thumb gives the direction of the force on the 9T 57T THaT 2
conductor
3. 7€ Wed fag[d IRYY | 3. I8 AR Ueb fagf
uosen rc & AT oiichd & 3137 | TRUY & AT FHEIR
BT Bl EESEGIE
4. 3BT UfaRTET 98 | 4. SHBI UfaIe I§d
&Y BIaT 8l U 37eRi | 3fas &1 Bl U®
31ieR @1 UfaRyer [ | 3Mef  alecHier &l
81T &l UfAR1er 317l i el
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Q12:

What will be the work done by a magnetic field
on a moving charge ?

Ans. Zero, because the Lorentz force acting on a charge
is perpendicular to its velocity.
Q12 fHH ST 31mazr W gadhrg &7 gRT fahar 1 arer
&1d a1 e ?
IR, [, FIf 3TARN R BT B aTeAT IRl def 3Hb Tl 0 dB a1
P oTgdd BIdT 8l Wdse
(ii) dB a dI
Q13: A charged particle moves in an uniform magnetic (iii) dB a sind
field with initial velocity. Give the shape of its
path in the following conditions : (iv) dBaLz
T
(i) When it moves parallel to field, where, 8 is the angle between length of the current
. . . element and line joining the element to point (p)
(ii) Perpendicular to field,
On combining
(iii) Making an arbitrary angle with the direction of _
Idlsinf Idlsin® _ . .
the field. dB x—— = dB=k—F— [k = Proportionality constant]
] 7
Ans. (i) Straight line,
In S.1. units, k =% where p; is called permeability of free space.
(ii) A circular path perpendicular to the plane of the 4 =47 x 107 TA"lm
field, _
o dpotoldisind g gy o Wxn)
(iii) Helix, whose axis is parallel to the field. o T
Q13: U® aﬁﬁmmwmmmﬁ URfa® where p_ is the absolute permeability of the free space.
& 91T Tl 2l Fafafaa &afaa) § =96 ug &1 The direction of the magnetic field dB is perpen_gicular
HTHR a1 : perpendicular to the plane containing vector dl and
>
) ﬂﬂ@@l’q a9 P TG IeaT & vector r and is directed into the plane of paper.
(i) 579 T YaHIT &F & Fadd IeTdl &, Qis5: 914 ¥1ad &1 e qaqmul
(iii) 79 U6 qaH1T AT H R S arg ot gAIardl % q—\,a q.'“'aég(j;”%awqa ﬁ'é'ﬁgmﬂq ?}E{%'f d 5;”' fagp
3R () el g, SE ’
i)dBal
(ii) & & Tl & T Ueh JeITbR U, Bdse
. . i) dB a dl
(i) fcTerT, F31RTepT 3181 by & & THTaR B (dBa
(iii) dB a sin6
Q14: A magnetic field cannot produce any change in 1
the speed of a charged particle. Why ? (iv) dBO‘?
Ans. Because the force acting on a charged particle in a 76T 0 OTRTATE 371N df 3R 7 P AT BIBIOTE |
magnetic field is perpendicular to the direction of
motion of the charged particle.
Q14: U YabIg &9 TR H0T B 11fa 7 s afad= &
& APl &l a4l ?
3R, UP JahIY &7 AR HUT el 1T F I ufac- el
PR FohdT & qifes Jabig &F 1 3afAd HUT IR B
B ITAT I AR HOT BT i I {1 B oTgad
g 8l
Q15: State Biot Savart’s law.
Ans:  Biot-Savart’s law:- The strength of magnetic field
(dB) at a point P due to the current element dl will
be dependent on,
HeafT-12 (1T — FMEIRA, A, TRES




Idlsin® ]
sin dB—k Idlsmn &

2 El
r I

dB =

[k = Proportionality constant]

In S.I. units, k= i”

e

where pg is called permeability of free space.

Hg =4rx 1077 TA lm

(dixt)
3

. dB=mM and dB = B
- ’ r

4 T dn

T8 po I Had I Bl QUT IRl Hed ol

el qaehry & dB BT e 4 3R 7 A gad doA b
rEdd sy ﬁ?ﬂﬂﬁ%ﬂﬁﬁmgﬁaﬂ?
fEfRTd Bt 21

I, = Current through the galvanometer at which full
deflection occurs in the galvanometer.

(1 - 1) = Remaining current flows through the shunt.

Since G and S are parallel, the potential difference
across them is the same.

10G = (1-1g)s

I
s=—2—|a
Iflg

This is the required value of shunt resistance to
convert a galvanometer into an ammeter of range
O0-1

Effective resistance of the ammeter: The total
effective resistance R of the ammeter can be

written as:
1_G+s GS

1
Rar G S Gs JVReif =g

Q16: State Ampere’s circuital law. .
,p. . o Q7 TR B gHier § fea yer ufvafda fear s
Ans:  Ampere’s Circuital Law: The line integral of magnetic TepdT & UHIeR &1 TUTE UfRIEr &) o1 Il
field induction B around any closed path in vacuum J e} femfies o) Utiex § = Ueb
is equal to o times the total current threading the ' ufeRier (3 9T Fad 2) @ITa: URkatad faaT siar )
closed path, ;
BaT ,’/'—- ~Ra \\\
ie. j{B,dl = ol ,J—o—@—f—— 3
,’ 1 |
where, B is the magnetic field, dl is small element, A ) — A B!
v (I-Tg) /
Mo is the absolute permeability of free space and | Se ¢ s 7
is the current. I S
Ammeter
Q16 :ﬂﬁmaﬂqﬁmﬁnﬁuqml . . AT @Y G <Fees o1 ufaRie 2
IR UHR o1 aiRadiy g Hata  fe oft g2 gy b At . ,
31R YdhTT & URUT B BT AHIDE G H HAeRT T S= 3¢ BT YfaRIer 8l
FRUE TR 14y & O &b aRTeR Il 8l 1= Uy & UHieR GRT 31T oot &R &1
g fﬁ.cﬁ: ol 5T8T, B IHTT &F B, dI 3T dcd & %jﬁifiaqaq HIeX ?%a%”lgf 8 &1 & 5 R e fier §
L0 IO T BT FRUg IRTar & 37 | fagaem 8 )
(1 - 1)= AT &RT T A Blh UdTied srdl ol
Q17: How can a galvanometer be converted into an G 31X S FUHETR & 5 dRUT 399 fawar=ax o) a9
ammeter? Calculate the effective resistance of aIdT 2l
the ammeter. .
Ans: A galvanometer is converted into an ammeter by N
connecting a small resistance (called shunt) in 1:G = (1—1Ig)s
parallel with it. I
I S =< g )G
.7 - R RN I= Ig
’ ,ﬂé‘\ G A .
/ g 7% fted-THIeR B o - 1 TR AT & Urtex B ufafda
I I\Amg B TR & fTU 3maRae g1e ufaRier &1 O B
VAN
Nl ,f THieR &1 uTd UfeRier : UHieR &1 et TTe wfeRYe
> ,___r__,/ R, I FH bR A foiam 511 Hehell &
Ammeter 1 1 1 G+S GS
== +>=2_2 =
Rett G S GS a7 Rett a+s
Let G = Resistance of the galvanometer.
S = Resistance of the shunt.
1 = Total current detected by the ammeter in the
circuit.
HeafT-12 (1T — FMEIRA, A, TRES




Q18: How can a galvanometer be converted into a

voltmeter? Calculate the effective resistance of
the voltmeter.

R= Treg=THeR & JuiTehH H FO5Td ITeich o1 Ui &l

1, = e THIeR A yaTfed 98 oRT & 5 R e o
qof fa&ra 3cud g 8l

Ans: A galvanometer can be converted into a voltmeter —
by connecting a large resistance in series to the V= P GIRT =TT Tl RE
galvanometer 39 A 3R B ﬁg’;ﬂ’r & Aeg favarR & 0 UeR A
SRT1gT 7T HhdT &l
N O LIICIS T
Algi \}}M—‘@_:,—B V =I,R+1,G
U ! = (R+G)
] PP 4
g
Let G =resistance of the galvanometer. - v G
- -V
R =resistance of the conductor connected in series e 37TaRTD RGN BT 71 & 5 fieafies & Aoft
with the galvanometer. . o .
d T 1 ST 1T & 5A 98 0 -V dlee & dloeHieR |
1, = current through the galvanometer at which full yfafda a1 srar 8l
deflection occurs in the galvanometer. T pl T e mﬁgﬂﬁﬁuﬁ?’m
V = the potential difference measured by the &1 0 TR & fean st Haar € |
voltmeter. Rer= (R + G), 51 9§ 3= &1l 8
Now the potential difference between points A and 3T UYHR dlocHle? Uo 3o UfaRig are! zIf?\ﬁr R
B can be represented as follows. Jreetiex &1 ufaRTer 31 8IdT &l
V=1R TG oY aleeHier & wed uiRuy & =R o1 ¥ If5a
:Ig(R"‘G) BT ST &l
-R+tQ= Il Q19: Using Ampere’s circuital law, derive an expression
& for the magnetic field along the axis of a current
R =Y _¢ carrying toroidal solenoid.
1 . . .
& Ans:  Toroid can be considered as a ring shaped closed
It is the value of the required resistance that is solenoid. The magnetic lines of force in a toroid
connected in series with the galvanometer to lie in the core of the toroid and are in the form of
. concentric circles. Consider a toroid with n turns per
convert it into a voltmeter of 0 -V volts. ) . . ) . .
unit length in which a current is 1.Imagine a circle
The effective resistance of the voltmeter is given by of radius rinside the toroid.
Rer= (R 4+ G), which is very high.Thus voltmeter is a :
high resistance device. The resistance of an ideal e
voltmeterisinfinite. A voltmeteris always connected
in parallel to the circuit.
Qi8: TH TR @) aeerier ¥ foa yor ufafda
faT 511 Tehan 82 aleeHIeR &1 yuTd ufaRier &Y ot
Eﬁﬁtﬂ )
IR ot fiegATdier & 3ot A o Ud 3 ufaRier Asas now
gl dleeHier ¥ ufkafda fearsrang |
> >
fB.dl = delcos@
Voluneter \
________ >
N g1 R @ ¢ B By symmetry, the magnetic field B in the coil_i)s
! X constant and is along the tangent of the path di
___________ > —>
. . . Therefore, the angle 6 between B and dl is zero,
thus
AT 1 G =Tl &1 gfeRie 8l .
j{B.dl = delcosO = Bj{ dl
= B% Circumference of the circle of radius r.
> >
Or ng.dl:BXQKr ........................ (1)
HeafT-12 (1T — FMEIRA, A, TRES




Q19:

HefT-12 (N

According to Ampere’s circuit law

j{ Bdl= 10 X net current enclosed by the circle of radius r
= 1, Xtotal number of turns x I

= po(n X ZTtr)I

Comparing equation (1) and (2) we get

BX2nr = uo(n X 27‘cr)I

B = ponl
If the total number of turns is N then N=n X 2nr

- N
or n omr
noNI

2nr

equation (3) It can be written that B =

For any point inside the empty space surrounded
by toroid and outside the toroid, the magnetic field
B is zero because the net current enclosed in these
spaces is zero.

UftaaR ufvadia fram &1 wah &=a §u, faega emmarst
eRIssH UfATTAST & 3781 & TR by 847 &
oty 15t T &1

2RSS Ud gd & A -5 YRATIIhT HIT 51T Habel! 8l
CRIES ¥ T g W@TY TRISs & uffe 1§ 3ed & 37k
FB<Ig gl b T H el 21Ul SbTs oimas H n U
aTeft ERISS BT HouT HIfoy a9 yarfed arT: €
CRISS &b 31X r AT & Gl Dl BT HIfFT |

3Hd
> >
j{ B.dl1= ¢ Bdlcos

 pUSH ¥ et & B FfRed & 31k dl
AT BT IURT IWT IR &, 3D HA DIUT [ &, 38 UBR

> >
jéB.dl = delcosO = ngdl

=B x r 3501 g o uffer

3B JHEY

Or ]{E.dT= B X 21
TR & gRudig fue & 38R
BT = o xr 1 0 g &6 WY 3R T
= po X Pl I fob AT 1
= uo(n X QTEr)I
FHHOT (1) 3R ) B TAT T W

Q20:

Ans:

Q20:

Q21:

Ans:

B X 21 = o (n X 27r)1

B = ponl
gfe ot IRl I TN & dq

N=n X 27r

N

at n:27tr

NI
THIGHIOT (3) Y for@T 57T T 3 B= ”;m

TRISS & 31 e W {3l fdg IR a1 RIss &
TER JHIDHIY &F B [ &Il & Flfh

g M1 1§ IR (enclosed) TRUTTHY &RT = &1el Bl

What is the use of a Galvanometer?
Uses of Galvanometer

(i) Itis used to detect electric currentin a circuit, (e.g
in Wheatstone bridge )

(i) It is used as an ammeter by using a low resistance
across it.

(i) Itis used as a voltmeter by using a high resistance
in series with it,

(iv) It is used as an Ohm meter by making special
arrangements.

T e &1 T 3IugTE?
TrerdTHex & 3TN (Uses of Galvanometer)

(i) ST U fopit ufvgy § gmRT &1 3ufafa 3ird a=
$1ﬁﬂ1§?m3rm1%, 3CTERUTTY EATCIC I 3] (Wheatstone
bridge)

(ii) P 3TR-UR BH UfcRTET BT YA b 3BT YHIC?
& T H g fpuT STaT 8l

(i) 3T FHTTR UTcRIe BT 3Tb U1 T A YT b
STDT dieeHIex b T H ygi faar STdr &

(iv) fa2T Uaer s ST ITHHIER (Ohm meter) B T H
g f&saT 7T 81

Derive an expression for the torque on a
rectangular coil of area A carrying a current |
placed in a magnetic field B. The angle between
the direction of B and the vector perpendicular to
the plane of the coil is 6.

Consider a rectangular conducting loop (ABCD) of
length| and breadth b placed in a uniform magnetic
field B. Let I be the current flowing in the loop in
anticlockwise direction. Let 6 be the angle between
the normal (n) of the plane of the loop and the
magnetic field B Fig(B) which shows the magnified
top view of arm AD of the loop ABCD.

FHNE3IRA, I, RS




Q21:

HefT-12 (N

(A)

We know, force acting on a conductor of length |
carrying current I in the magnetic field is given by

F=1(7xB)
.. Force acting on the arm AB of the loop

FL=1(TXB) )

Direction of I is perpendicular to the length of
arm AB and directed outward of the sheet of paper
(Fleming’s left hand rule).

Similarly, the force acting on the arm CD of the loop

is 2 =T(1XB) i)

b_“: is perpendicular to the length of arm CD and is
directed inside the sheet of the paper (Fleming’s left
hand rule)

Force acting on the arm BC and force acting on
the arm DA of the loop are equal, opposite and act
along the same line, hence they cancel each other

as shown in Fig (C). Therefore, only two forces F

and F, act on the loop. F and F, form a couple
and try to rotate the loop anticlockwise.

The magnitude of the torque (g) due to forces 1;:
and 13; is given by

T = Magnitude of the either force x lever arm
= TF, X DN
=[1(7xB)[x DN
= 1(iBsin 90°) X b sin 0
©=1(/B)bsin 6
Since (/b) = A= Area of the loop
.. T=1ABsin®

If there are N turns in the loop, then the net torque
acting on the loop is

T = NIAB sin6 = MBsin®

where M = NIA= The magnetic dipole moment of
Current carrying loop with N turns.

B gEHd & ¥ f&yd | gRr@mE A a9%@ arel
HTAATHR & fAU g 3ol &1 o1ste fcaa
HIFYI B B f&m 31k Fosell & ad & waaq Afen
& aeg pioT B

JrachIg &9 H gRTET8 o[ IR §of AT (Torque on a

Rectangular Current Loop in a Uniform Magnetic Field)

AT U WHE TG &F B 3 | oETE adT b disTe
BT Uh AWATHR IToidd ou fRId & &4 & yarfed
eTRT aTHTEd feRr o Bl & B YT o[d & aet
A eTrd b HEW HIUT O T 81 U ABCD T 1T AD
1 Hrafeid 9 o @) yefia foar mar 21 &7 si=d
& 1 JIhIT & | ATeAch bl / @S H &R | UdTE &
HRUT BTER T

F=1(7xB)

L TAADAB FTRBERATA, FL = 17X B) o o)

I o1 feRIT AB 3T el oTraiTS b oiradd] auT SISt bl
2ffc & dTeR T AR Bl & (A [T &b 910 819 BT fHuH &b
AR |

1 YR &[T BT {1 CD TR HIERA T

F2 = 1(TXB) i

F, {311 CD & oiradc] 81T & 3R 113t & e b 1< Bl
3R BT & (GATHTT & 910 819 1 FaH & 1A

BC TR STUR &1 51T DA W HIURd de1 A,

3R THTT RGT &H T B HdT &, 50 UPR 9

w—?ﬁﬁwwéﬁ%ﬁwﬁﬁﬁ%ﬁaﬁm
78 |

F, 31R F, U g a1 & 31 o]0 &1 amTad gaT o1
O @A & | 3R F, a1 &b BRI @1 aTol aed
HTEUT (p) T GRHTOT f&aT 517 FehdT 8l

T = foret Y =t 1 afwrr x Faw e
=F X DN

=|1(7xB)|* DN
=1(iBsin90") X bsin 0
7 =1(/B)bsin 0
W (|b) = A= 7T BT &TB
.. T=IABsin®
?FﬁNWﬁ,ﬁWWWﬁFﬂWWW

T = NIAB sinf = MBsin®

5161 M = NIA= N UhR dTciT &RT dTel 7 &bl Jrihid féo
3ATEf &l « S
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Q22: Derive an expression for the force acting on a

Ans:

current carrying conductor placed in a uniform
magnetic field.Name the rule which gives the
direction of the force. Write the condition for
which this force will have maximum and minimum
value

A current carrying conductor contains a large
number of free electrons. These electrons move
with drift velocity Y in a direction opposite to
the direction of conventional current flowing in
the conductor. An electron moving in a uniform
magnetic field experiences a deflecting force which
is transmitted to the conductor.

Consider a conductor of length / carrying a current
>
I placed in a uniform magnetic field B as shown in
figure.
'y

'
FIll.

Y Zam
&

R

Let n = Number of free electrons per unit volume of
the conductor.

A = Area of cross-section of the conductor.
Magnetic Lorentz force acting on an electron,
fm=" e(:X _B))

acting perpendicular to the plane containing Y and
>
B

Fo

!

<

(B)

Now consider a small element of length dl of the
given conductor.

Number of electrons in the small element = n x
volume of the element=nAdlI

. Magnetic Lorentz Force experienced by the
element,

dl

>
V=""73;

dt

dFm = (nAd) fu = nAdl[—e(¥ X B)] == nAedi(v x B)

p—( )}

But drift velocity, 52—% Since dl is in a

HefT-12 (N

Q22:

(45)

direction opposite to v )and (nAdl) e = dq where
dq is the charge on the small element.

i =\ _ diq — >

dt XB) ot (A B)

oo dFm = I(d_l>>< ]__):)

Since conductor is made of large number of such

elements, therefore, total force experienced by the
conductor is given by,

Fr=[dFu= [1d[xB)or F, =1(Tx B)

dﬁqu<

Direction of 17,: is perpendicular to the plane

containing B and dl and can be determined by
using Fleming’s Left Hand Rule.

Condition for minimum Force:

If 6=0°0r 180" F_ = 0. It means the current carrying
conductor experiences no force when placed parallel
or anti-parallel to the direction of the magnetic field.

Condition for maximum Force:

If 0 = 90° F = BIl. It means, a current carrying
conductor placed at right angle to the uniform
magnetic field experiences maximum force.

UHHAT Yah1d &7 H T RTATE ATeich IR B1d B
dT™ 1 & fAU Uh oI3Tb ead Dia1g1 39 fAam &1
M FATSU 3N o 1 & garar 8 a fRufa f[@fay
5% fAU 59 a@ &1 31faean 317 g=aw 7= @
TS IRTGTE AT o §3) IR o SHacHed el
goacH TTeich H UdTfed 819 HaeT grT B ferm
& faodid 3TaaTe AT v A M @R & U A GEhTd
&% § MqA Uh Soiacid Uh fd&ius Io1 BT 31{Hd
AT 311 ATAD I IR & STl &l

fopet Ty & B o R | 77T & areieh IR
AR a & o R g R mar gl | AT sas
YqIfed &R 1 8l

HETDH! n = TTeAeh & Uld $bTs AT H Jad Seide o
T IEAT |

A =TToTeh &b 3TIURY BIC BT §TB|

fpt Seicre T R BIURA IraehId TIR-=1 aer,

fm=" e(:)( E)

T, DI v 3R B & dcT &b oiraad el & S
& o o e man €1

FHNE3IRA, I, RS
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Q23:

Ans:

HefT-12 (N

1

-
3

!

<l

(B)

379 dl 7T & fopft 3Tzt UR foaR &ea &l

3711 § Seaei~g ol TTAT = n x 37127 BT 3T =
nAdl|

~3TCT1RT IR & aTeAT G ehId oi1R-1 9,

dFu = (nAd) T = nAdl[—e(v X B)] == naedl(v x B)

Q%mamrsan, 3:—%@@; dl, v & faoa fewm
)

3R (nAdl) e = dg ST BT dcd UR 3TTAT &l

— T > dq ,— -
- dFm = dq (%XB)ZE(leB)

- dFm =1(axB)

S TP S UBR & ATl T I31 IAT I A=
Eﬁ,m:gwmﬂﬂa%mwwaﬁwm
ST,

Fu=[dFu= [1dIxB)or F, =1(TxB)

F, drfeem B 3R d & u0de & ciead el § qursy
it as%arrtr &Y & 99 o1 3ugIm avep e fasar
ST THATE |

TATH g1 & ey 2reh:

gfé 8= 0°4d1180°, F_ = 0. 37T 374 & fh aRTaTEY ITeich
@ YGhIT & h [T &b FHHIAR a1 faudid fazm
TG W PIS g1 T&I AT &l

farsan 9o & fAy 21
gfec 0 = 90°, F, = BII $AT 34 8, U M qab1d &

m

& FHDHI0T UR 3T 14T &RTATE! T 3Tfaddd a@ ol
YT BT 8l

State Biot Savart’s law. Derive an expression for
magnetic field strength B at a point P due to
current flowing through a straight conductor.

Biot-Savart’s law:- The strength of magnetic field

(dB) at a point P due to the current element dl will
be dependent on,

(i)dBal

(ii) dB o dl

(iii) dB o sinf
o1

(iv) dBa .

where, 6 is the angle between length of the current
element and line joining the element to point (p)

On combining

= dB=k

|k = Proportionality constant]

In S.I. units, k=to
4n

where pg is called permeability of free space.

By =4nx 107 TAlm

5 dB=“im]5mH arid dE=|.l_u]{d]Yr}
dr 2 4r 3

where y, is the absolute permeability of the free
space. The direction of the magnetic field dB is
perpend_i)cular perpendigylarto the plane containing
vector dl and vector r and is directed into the
plane of paper.

Magnetic field due to infinitely long straight wire
carrying current using Biot Savart’s law

Consider a long straight wire AB carrying current
I. Let P be the point at a distance x from the wire,
where the magneticfield is to be calculated.Consider
a small current element of length dl at distance |
from the centre of wire. Let r be the distance of a
point P from the current element.
Ar & N
| ~

| ~
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HefT-12 (N

According to Biot Savart’s law, magnetic field at
point P due to small element of the wire is given by

_ Mo Idl sin ¢
a2

In right angle triangle APOC,

. _ X _
sin ¢ .

_ 1

orl = xtan0
X
dl = xsec’0dO

Substitution the values of equations (ii), (iii) and (iv)

in equation (i), we get

4B = ﬂl(xseche)cose

4n (XQ/ cos” 0)
Or, dB = Z*OM .......................... (v)
o X

Magnetic field due to the whole conductor AB can
be calculated by integrating equation (v) within the
limit from -6 to O,.

02 I 0,
B= '/‘dB_ZL cos 0d0
T
—01 —01
= oL 01%, = 22 00, sin(-0,)]
B 47X smu J-g, ATtx sin Us — sin 0,
B= Z;I)I [sm 0, tsin ez] ( sin(—61> =—sin 91)

If the straight wire is infinitely long, then 6, to 6, are
taken as 7 /2,then above equation becomes

1 1
B = :;x (si g +sin%): Bo (I+1)

w3)

Here, the direction of magnetic field at point P will
be perpendicular to the plane containing vector

and vector 37 and vector _r) is directed into the
plane of paper.

amaY Arad &1 g garg| fedt N arae | yarfed
gRT & BT fdg P U3 b9 & HI Yawid1 B F fAU
5T Icad B0l

IA-ATaE T FHgH:- gRIATE 37911 dIl & HRT fag P
TR YahIg &7 (dB) b1 AW A qr R By,

(i) dB al

(ii) dB o dl
(iii) dB o sin6

(iv) dBarl—2

78T 0, ITRTATE! 37O d 3R 7 P T BT HIOTE |

dB =

In S.I. units, k=%

Idlsin®
2

A B R

Idlsin 8

r

= dB=k [k = Proportionality constant]

where p; is called permeability of free space.

T

1y =4n* 107 TA'm

o dB=

j.lild]mn[-} and d§=].l_ul{d]w r)
dn 2 TP

78T p, 1 Har I T YuT YR Hed 8l

mewéﬁﬁ?ﬂdlaﬂ? _J dd &
g Bt ﬁm%wﬁm#‘?ﬁaﬂ?
IR g 3

Y gRTATE AR & BRUT Y &7 : 079 I TR AB
o gaTfed &mRT | BT HedT TR a A WTD

Paﬁﬁvmwmaﬁmm%lmm
ﬁgmamaﬁmﬂ DI BT HifaTyl IRIaTE!

Uil &b Hed fdg C A r gt IR feig P o501
A[\\
L
. o ; e
T
N D‘{,,,,
dl & /,’
: .
B
graTe Arad & Y9 & 3R, URIETE dR & 3769iR1
(BT T ) & BRI g P R Yahiy &7 fearran |
:ﬂldlsin(b 0
An rg .......................................... |
HABIOT AT H 2 POCH,
sind = % =cos0 (ii)
a1
X
rES8 (iii)
_ 1 _
tan@-;orl—xtanﬂ
dl = xs5ec28d0 0 —— (iv)

THYHIOT (i), Giii) 371 (iv) P AT BT THIHOT () I TR
BAUN &

FHNE3IRA, I, RS




Q24:

Ans:

_ W Idlsing .

dB = o T E e 0]

Since ¢=90° therefore equation (i) can be written as Q24:
_ 1o Idlsin90° _ po Idl )

dB = At rQ An rg .................... (ii)

The direction of @ is perpendig)ular to the plane

formed by vector dl and vector r and is along PL

which is perpendicular to PC 3R

PeT-12 (ftfadhn —

4B = ﬂl(xseche)cose

4r (XQ/ cos 0)
or, 4B = ZO Icos 06d6 W
o X

WW(AB)&EWW%H@WWW
(v) P HTHAT 01 02 deh ik YT {6l 51T JabdlT &l

02

02
I
B= de:pL'/‘cosede
4mx

—o —6:
B= Zzl [51 9]62 = %[Sin 0y — Sin(_61)]
B= Z:I [sm 01 * sin 0 ] < sin(—ﬂl) =—sin 91)
gfe FET TR 371 T8 BT 101 3R 62 I 7 /2fc7ar
STAT 8, A1 SURTSRT AHIHR0T 99 AT & |
il S ) = 2oy

o
qa%guﬂ')(dBa?rﬁ%ﬂ d 3R 7 A ged dd B

@A el 3R BT & ad o weaq 3R df 3R
IEEARGEIGIR

Derive an expression for magnetic field strength
B at a point P lying on the axis of a current
carrying circular loop. Also find a magnetic field
at the centre of a current carrying circular loop.

Boeos 0~ —, 1L
B cos f‘f i

gyl B
1

1
]
h-:dB sin U
1
1
1

Let P be the point on the axis of a circular loop of
radius R carrying current L. The distance of P from
the centre of loop is x. Let XY be a small element of
length dI at a distance r from point P. Every current
element is perpendicular to vector r . According
to Biot-Savart’s law, magnetic field due to a small
element XY at point P is

Resolving dB into two components:

(i) dBcosB, which is perpendicular to the axis of the
coil.

(i) dB sin®, which is along the axis of the coil and
away from the centre of the coil.

As the coil is symmetrical about its axis so every
element of length dl'has another equal and opposite
element on the circular loop.For example element
XY has equal and opposite element XY'.The
perpendicular components of the magnetic field
due to these elements being equal and opposite
cancel each other. Hence the total contribution of
perpendicular components of the magnetic field
(i.e. dBcosB) to the net magnetic field zero.

On the other hand, dB sin@ component of
magnetic field due to each element of the loop is
directed in the same direction. Therefore magnetic
field at point P due to the whole loop is equal to the
sum of dB sinB components of magnetic field due to
each element

ie.

Idl
BZZstineorB:desineorB:fT 7-sin 0 (Usin g eqn. (ii)
T

Isin O
p047cr2 fdl

_ iosin 6 X 2nR

47[1*2
I R2
sine—E B= pO RTCR
2l
< ) uilil but r = v R’ + x°
_ o 2mR’

. 3
4T (RZ+X2)2
If the coil has N turns, then magnetic field due to the

coil at point P becomes,
B =B =N x X 21IR”

4TE (R +X2)/
2
B'=-"— 2nNI-

47[ R2+X2)%
Magnetic field at the centre of the coil can be

determined by putting x =0 in the above equation.

Mo 21t NI
it R

ERTATE! qUTHR o4 & 378 R fya fig P av qadbia
& $I diga1 B & fAU U oastes eud Hifaigl faat
ERTATE! JATPR U & e W Hl JaHT &7 AT
Hif5ol

Bl:
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B cos 0~ -, L
dl3 cos ff &

gyl @B

dBcos BY _

@

A 1570 b 3591 R & Ues qitepR o[ {5 7 o
AT eI e 8 & A WGP Bl qu b he Ax g W
fig p fRd Blardle Had & a9 & AR, gRTETe
TR & 3TN (BIC dcd ) XY P HRUT g P IR ahiy
& e sran & |

Idl si
dB = % :;nd) ................... (i)

P ¢ = , sATTE THHROT () BT Fw a4 I fogn 3
JasdT

_ 1o Idlsin90° _ o Idl
47 r2 47 r2

dB Y22 4l 3R 7 HddT H ead & 3R PL &

e d ¥ PC HATId &l dB BT ged! ¥ fFarsa
FRAWR -

() dBcosB, 311 7] & &l P oidad el
(ii) dB sin®, 31T &[4 & 374 & fEMH P A T 8l

Yo 7 31Ut 3781 P IR 3R AT &< & gAfeU
dl TS BT UAD IRIGIET 32T BT U IHME 37k
fagdra 3reaier €T &1 3CTER0T & fig 37eTiRT XY &l
T 37R fauda 3reaier Xy’ &1 37 37691 &b HRUT
YahIY &F P oT9dd I dBcosd aRTaR 3R faudid e
P DBRUT Ub gAR B ¥ B &d EIPRUT b1y &F
?}smdscosewaﬂ?ﬁqﬁﬁﬁ?nﬁ%g?gﬁﬁ
FRE Bed € gAfiy aoh1g &9 & cigdd | @
dBcos0) BT [GH YaehIg &F T od YTl 4 8T 8l
IR 3R, U &S UAD AT &b HRUT JGhIg &F bl
stinGH%qWﬁﬁ?ﬂﬁﬁﬁﬁﬁﬂT%IﬁﬁU

%Wﬁgpww &3 dBsin@ & TTHI
ﬁ%wﬁm%ly

dB

Idl
B= Zst’m Oor B= desin OorB= /%sm 0 (using eqn. .....(ii))

41
Isin 6
=100 f di
4mr

Ho sin 6 X 2nR
B="—"7"""—5—"
4mr

R I R2nR
sinGZ*.'B:LOQ. I
4r r

L
2

2nIR 3 :

:(—ZTOE> I butr =R’ +x’

3
T

_ Mo 2mR’
4n (R2+X2)%

afe o W N R &, A1 HUSH! b BRUT fdg P IR Friebq
EAEATE, . omR’
B =B = N (R +X2)"

2

Ko R
B =" 0Nl s
A (R +x?)*

Ans:

U P b J DI &F Pl 3TN FHIDBIUT H x = 0
IGFR AT a1 3171 IhdT &l

_ Po 2m NI
4t R

: State and explain Ampere’s circuital law. Obtain

an expression for the magnetic field along the
axis of a current carrying solenoid of length L and
having N numbers of turns.

Ampere’s Circuital Law: The line integral of magnetic
field induction B around any closed path in vacuum
is equal to o times the total current threading the
closed path,

ie. fﬁ- dl = pol
where, B is the magnetic field, dl is small element,

o is the absolute permeability of free space and /
is the current.

Solenoid: A solenoid is a closely wound helix of
insulated copper wire. Magnetic field inside the
solenoid is almost uniform, strong and directed
along the axis of the solenoid.The magnetic field
outside a very long solenoid is very weak and can
be neglected.

D)

Consider a very long solenoid having n turns per
unit length of solenoid.Let current 7 be flowing
through the solenoid.Let P be a point well within
the solenoid.Consider any rectangular loop ABCD
passing through point P as shown in figure.

B is perpendicular to path BC and AD ie. angle

> ->
between B and di is 90° for these paths.

> > > — 0
B-dl= B-dl= | Bdlcos90 =0
D

Since path CD is outside the solenoid, where B is

taken as zero,
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D

so, / E d_l)= 0
C . . —> > . .
For path AB, the direction of dI and B is sameie.0 = 0.

Hence equation (i) becomes

B B B

fB-dl:fB-dl:delcoseszdl
A A A
B

fB-dl:del

A

B
j{_B) d_l): Bl(.'. fdl = total length of path AB = l)
A

According to Ampere’s circuital law,

{54

= 1o X net current enclosed by loop ABCD

( Bis uniform)

= o X number of turns in the loop ABCD X 1 = ponll

Comparing eq (ii) and (iii), We get
Bl = ponll

B= ponI

Where n=N/I =numbers of turn per unit length.
N= Total numbers of turns of solenoid

and / = length of solenoid.

Lo NI
l

UfErR &1 uftadid fFram aarsy 3k ausmsyl @ard
L Y eRTaTel UfvATieieT &b 3781 & 311 Jaehid &8
& AU =T UTa 3 afe sHY gHTal oY HEAT N &l
UHTQR &1 Ruiy g Fafd # foset ot < gy & IRy
3R YEhIT &5 URUT B T FHIDBN TI H HALIRT qUT
FARYE IRITIAT ( 120) & U & &R0 Bl 8l

So B=

Ric fEdT: 1101 5781, B YEeIT &1 &, dI 3ToaTier e
&, po IO TE & FRUS IRTar & 37k 1 fagaemr 8l

afATfAepT: Rt O A1 & R T TR
A foTueT §31 puse &l aRATFASDT & 3ieR ]
T WM, Asiga 3R gfArfeaer & P A1y
FERTA €T 31 T8 71 URATTADT 3 aTet Jadbig &

a@amﬁméaﬂ?sﬁzﬁfﬁﬁmmmél

Solenoid

& ol afAT e epT IR faar 3 5 afArieasT
a?rqﬁrmémﬁnﬁﬁél A |50 fob afferesr

J gRT 7 yarfed 81 381 & 7 50 s p ufArfee &
TR U fag 8l fos T oft 3adThR ofd ABCD IR faarR
T fezarar mar

?a’rﬁgpﬁzﬁww%ﬁw%
|

T CD URATTAST & aT&R &, 567 B (9 & ¥
STATE,

D
sy [ B-di-o

C
gy AB P AT 4 31k B a9 2 3rafa 6-o.
sHfY IHEHROT (i) §91 3TAT &

B B
/ Bdlcos 6 = f bdl
A A

( Bis uniform)

W
&)
I

W
&)
||

/5 /
A
B

fo3-s ]

A

B
f l( f dl = total length of path AB = l)
A

VTR & uRudi 90 & 31 AR,
§5.3
= o X net current enclosed by loop ABCD

= 1o X number of turns in the loop ABCD X T = ponil
i)

(ii) 371 (i) ST TAT B UR, & F8 U

Bl = ponil

B = ponl
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T81 n=N// = Ufd $ebTs oTaTS 1 GHTAT T IAT |
N = IRRATIThT b FHTAT DT ped AT

3R 1 = afATTIPT B TS|

safeU

B = polNI

Applying Fleming’s left hand rule to conductor (1),
the direction of F,, lies in the plane of the conductors
and is directed towards conductor (2).

Since F, and F, are equal and opposite, so these
forces pull the two conductors towards each
other. Hence, we conclude that two long parallel
conductors carrying currents in the same direction
attract each other.

Similarly, it can be said that two long parallel current

Q26: Derive an expression fon:the force per unit length carrying conductors carrying current in opposite
between two long straight parallel conductors directions repel each other
carrying current in the same direction and hence '
define the unit of current. Is this force attractive Definition of ampere
Isive?
or rePu sive o Force experienced per metre length of conductor
Ans: Consider two infinitely long parallel conductors by two parallel infinitely long straight conductors
carrying currents I; and |, in the same direction .Let carrying currents I and Iz is given by
r be the perpendicular distance between the two
conductors.The current |, in the conductor (1) produces F= @( 2L Ip )Nm_l
a magnetic field around it as shown in Figure.. n\ r
lT ; if I,=1,=1ampere and r=1m, then
T 0f 4. flO
@8, |Lh F__J ) x 107" X 1 X
— ' F:4Tt 10 ><2 1 1:2><10_7Nm_1
2 o 4T 1
"T 9, 1' Ampere is that current which if maintained in
' two infinitely long parallel conductors of negligible
C.P ) cross-sectional area separated by 1 metre in vacuum
Lb_,_,; o causes a force of 2 x 107N on each metre of the
o other wire.
The magnetic field at any point on the conductor (2)  q¢. 21 T T TETITAR T &1 ¥ SRTETE 9T/ddl &
due to current I, in conductor (1) is given by Aex Ufd ShTE aTHTE U 17T dTel od BT aqaa;aiﬁqa
wo { o HIf10 31 3R 1 61 51E B ufvniia Hif5gl a8
BL=4—T°[<71) ...................... (i T 3Tepe ¢ a1 wfdeites ?
o , IR o561 a1 31 TS & FHHT=R AT, 58 1, 3R 1,
The direction of B, , with reference to conductor (2) ETRTUO T &2 ¥ 98 38 & B o1 I |
is perpendicular to the plane of the conductor and is
directed vertically downward (i.e. into the plane). "T off . . fle h :Tl.
o] | WA B0
We know, a current carrying conductor of length T i " gl
| placed at right angle to the magnetic field (B) "t g 1[‘ )}
experiences a force, which is given by n g j
F=IBI CLF @
l._(;)_.‘ &)
Therefore, force experienced per unit length of
conductor (2) in the magnetic field B, is given by HMET &1 r ST ATech] b He0 ddd G B URT I, &P
PRUT AT (1) P TR RB & 3T BT 8l
F,=B I,x1=B1, TATAD (1) H I, EMRT B HRUT ATeA b (2) B fopet Hft faq
3cUH rIeh 1T & 5 UhR &1 STel 8l
From equation (1),
B = %(%) .......................... (1)
_ Mo (2] _ Mo 201 ..
= E(%)b = E(%) ................................ (i) ITeAD (2) B AT Blﬁﬁq{w(z)asa(—ﬁasm
: o Bt & 3R Heafer Fi A 3R A Bl 89 T F
Applying Fleming’s left hand rule to conductor (2), 85 & Thaad W IRMETE dTeid W a6 57
the direction of F, is in the plane of the conductors TR & STt & A
directed towards conductor (1).
I . . F=IBl
Similarly, the force experienced per unit length
of conductor (1) in the magnetic field (B,) due to e 5B &
AU TrIhIT &5 B, H TTeTh (2) 1 Ufd hTs oiralle IR
current carrying conductor (2) is given by T aTeT 961 30 UHR A S 57 wapell 2
_ Mo (2L
F 471'( r )
HafT-12 (N = S IREL, A, TRWS
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Ans:
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F,=B,I,x1=B,1,
IFHIHIOT (1) 3,

= Mo (20, _ Hof20h] i
B 477( T>[2 47;( , > ................................ (i)

ITAD (2) TR FATHIT &b §TU 819 & a0 S Y@ A F, hl
fE=1 T (1) BT 3R € | SH) A6, IRTATE! TP (2) B

PHRUT DT &5 B, H Tl (1) DI Ufd Fehle omiTe U1
T dTcAT 6 39 YHBR A &I 57T Tbel! &l

Mo 2LD
n=- ()
ATAD (1) TR FATHT P 1Y 819 & 99 & AT A F, B
TR I (2) DI 3R Bt 8l IS F, TUT F, THE aUT
faudd & 37 A g Sl ATAD! DI b gar df 3R
eeicull
s sy FAderdr @ & af o IR aRTare!
ITeich {518 T G H &R 81, Ub gaR &l 3T vd
& 8l
gl UBR A, 8 HeT 311 AdhdT & b ol d AT

ERTATE] TTeieh {518 &Y faudie fazm J 81 geh gar ol
gfcepfid o &l

pitaaz &1 afvyren

l, T4T |, gRT & WY 1 37d dES & & JHHETR
ITeADh] &b gIRT AT bl Ufd Hex @18 9 AT Tl
T ST UYPR A & 5T Abel! &l

F=&<—2hh>Nm’1
41 T
gfgl, =1, = 10OmR 3R r =1 madd

_Arx10" 21X

F - . =9X10 'Nm '
2 UDR, U UTIUR 98 gRT 8 311 (Aafq o 1 ez bl g3t
TR 3 TT0g HIc JTB dTo & 3T =TS b

AR [ 7 garfed € W 319 ¥ Uh g dR
1 Gl HIe TS TR 2 X 107 NaoT 30 il 8l

Describe the principle construction and working
of a moving coil galvanometer. How can its
sensitivity be increased? What is the use of a
radial magnetic field?

Moving Coil Galvanometer is an electric device
used to measure or detect small electric current in
the electric circuit.

Principle: The moving coil galvanometer works on
the principle that when a current carrying loop or coil
is placed in a uniform magnetic field,it experiences
torque.

Construction: It consists of a coil which is wound on
anon-metallic frame. The coil is suspended between
the two poles of a permanent magnet which are
cylindrical in shape. The coil is suspended by a
hair-like spiral spring which acts as a path for the
current to the coil also. The terminals T1 and T2 of
the galvanometer are connected to the ends of the
coil. The spring exerts a very small restoring couple
on the coil. A piece of soft iron is placed within the

frame of the coil. A plane circular mirror is attached
below the pointer to note the deflection of the coil
using scale arrangement.

TR

Soft iron
core

Scale

Pointer

Spring
o by
agnet

R
s
Let B = Intensity of magnetic field
I = Current flowing through the coil
| = Length of coil
b = Breadth of the coil
(I'x b) = A =Area of the coil
N = Number of turns in the coil
Principle

When current flows through the coil, it experiences
a torque, which is given by

T = NIAB sin®

Where 6 is the angle made by the normal to the
plane of the coil with the direction of the magnetic
field. If this angle is 90° then sin® = sin 90° = 1. It
is possible when cylindrical poles of permanent
magnet are used which produce radial magnetic
field shown in figure

Then T = NIAB .. (i)
This torque is known as the deflecting torque.

As the coil gets deflected, the spring is twisted
and a restoring torque is developed in it. If k is the
restoring torque per unit twist then the restoring
torque for the deflection a is given by

For equilibrium of the coil, Deflecting torque =
Restoring torque

ie. NIAB=ka
ka
I'="NaB
I = Ga
_k
G = NaB
[axa

Where G is called galvanometer constant.

Thus, deflection of the coil is directly proportional
to the current flowing through it. Hence we can use
a linear scale in the galvanometer to detect the
current in the circuit
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Use of Radial Magnetic Field in Moving Coil
Galvanometer

Aradial magnetic field is generated by the cylindrical
poles of the permanent magnet of the galvanometer
and is always parallel to the plane of the coil . The
torque produced in the galvanometer coil is given
by T = NIABsin®, throughout the rotation of the coil.

For a radial magnetic field, the angle between the
normal to the plane of the loop and the magnetic
field will be 6 =90°. Therefore T = NIAB Thus, when a
radial magnetic field is applied, the deflection of the
coil is proportional to the current flowing through it.
Hence a linear scale can be used to determine the
deflection of the coil.

Sensitivity of Galvanometer: A galvanometer is said
to be sensitive if a small current flowing through the
coil of the galvanometer produces a large deflection
init.

Current sensitivity : The current sensitivity of a
galvanometer is defined as the deflection produced
inthe galvanometer per unit current flowing through
it.

..o _ alNAB) _ NAB
le. Current sensitivity= 1" ke k

Since ( 1= k—Q>
) NAB

Therefore,the current sensitivity of the galvanometer
can be increased in the following way.

(a) By increasing the magnetic field B using a strong
permanent horse-shoe magnet.

(b) By increasing the number of turns N.
(c) By increasing the area of coil A.

(d) by decreasing the value of restoring force
constant K.

ad Heel e & fagaia fmfor 3k
SO BT qui B FHB! A Near A gerd
11 Hahd! §2135a qah1a 87 &1 a1 HEd 82

Tol PHUSH] AR (Moving Coil Galvanometer)
qfkay § yarfed 31 fag[d omRT Bl q197 6 &b

forg uga gfae 8

fagar< : 9@ Huse TR g9 fAgar< R drd
] & & 519 Ucb IRTATEl 0T IT HUScHl B THEY
TrIHIY &5 H 3@ S A1 $ WR T ATYUT BrY T 8l

W:gﬂﬁwwﬁ?ﬁ%ﬁ'ﬂﬁwaag

TR TUC & 3] ST 8l gat
asrrwazﬁmwam%a’rmﬁawm%l
ERTATH & eHAA T, 3R T, HUse! & RR I Fafod
grd & =& TR ] UAFE § g R
W%l?ﬂﬁmwwwwaswamw
@I 1T 8l

Pointer

Soft iron
Spring

agnet

fRgar<

STd EMRT

J yarfed erd & 1 380 R I Ui B
PRATE

3T YHR fear sirar &

T =NIAB sin®

51 6 = P T A T GRT Jraeh1g & Dl
fe=T A §Ta7 T BIT B

B =rIeh1T &1 T el
[=pUsH] | yarfed &mT

= pUSHI bl (T

b = HUSH I TS

(I x b) = A = PUSHT BT AT
N = PUSHH! & Ul bl HJAT

gfe g8 HIvT 90° & T sind = sin 90° = 1 [U8 JTIF & 574
fRR I BT Te@T1hR §d Ygad foar 5 511 Fidg
GrIHTT & 3UF BT 8]

dd T = NIAB ... 0)

g‘rgqugagﬁm@ﬂ% ﬁﬁf‘@ﬁmﬁﬁmms‘r
mg%ﬁﬁ }

3R gAHgT g
FAgrH fAeTre= dR B gfd ghrs Yo UR eIl o fddu &

fIU U= §oigT 39 YR g1 51T AahdT 8 |

Pl &b AT b [ U, fa&T 3gui=ga=aT gergrd
314Td NIAB= ko TT

[
T8 G ! &IRT AT fadics ped &
wm,wwﬁmmmamasma
HHTUTC 81T 8l

TreaaIeR 8§ fsda gedg &7 &1 3uanT
(Use of Radial Magnetic Field in Moving Coil Galvanom-
eter)

s B geay &7, e & W 996 &
JETHR ¢dT & GRT 30 EIdlT & qdT T Jad b
& BT HUSH! & Tl &b HHAFTR &1 &l eRTHTAT BT
PUSHT H 3T I 30T
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T = NIABsin® ¥ f&ar srar 8l

=g qEdh &7 & Ay, 7 & a0 & 3aE 31
TIHIT & P HET DIUT 6 = 90° BT |

T=NIAB

2 UPR, 3519 H=d e & ugad fosar T g,
PUSHI BT fa&Y g YaTled &R b FHIIT e 8l

(Sensitivity of Galvanometer)

gfe fieaArier &1 Husel I yaTfed 3769 emT gad
31fares faary 3cqw B2 dl fiea-HIeR 37Ted JUTE 81T &

ERT FUTTEAT : e IHICR BT &R FuTiedr s yarfed
Uil SehTs &RT & BRUT 30 [G&Td A TR bl STTel! 8l
3

g_a(NAB):M ( B kot)

1 ka K I=NaB

e TreaATHIeR &l aRT quTiear o 0 UeR I gefardt
ST gt 8l ik

(a) Jee TTT BRI} raeb &b YU A JEh1g & B 1
EREEAR

(b) 9T N P FaT | el & grRT |

(c) PUSHT A D &Fhel H el il
(@) gfdee Fadis K & a9 5 HHT bl

Describe principle construction theory and work-
ing of a cyclotron. Why is a cyclotron not suitable
for accelerating electrons?

Cyclotron is a device used to accelerate positively
charged particles (like protons, a-particles,
deuterons, ions etc) to acquire enough energy to
carry out nuclear disintegrations.

Principlee When a positively charged particle is
made to move again and again in a high frequency
electric field and using a strong magnetic field, it
gets accelerated and acquires a sufficiently large
amount of energy.

1

I

1
Detlecting !
plate X
|

1

I

! ! charged

: : particle
Target )

!

1

1

!

Construction : It consists of two hollow D-shaped
metallic chambers D, and D, called dees. These
dees are separated by a small gap where a source

of positively charged particles is placed. Dees are
connected to a high frequency oscillator, which
provides a high frequency electric field across the gap
of the dees. The particles inside the dees are shielded
from electric fields but the magnetic field acts on
them and makes them move in circular paths in the
dee. Reversal of the polarity of electric oscillations
ensures that the particle is always accelerated
by the electric field. Radius of the circular path
increases with increase in acceleration, so the path
of the particle becomes a spiral . This arrangement is
placed between two poles of a strong electromagnet.
The magnetic field due to this electromagnet is
perpendicular to the plane of the dees.

Working: If a positively charged particle (say proton)
is emitted from source, when dee D, is negatively
charged and dee D, is positively charged, it will
accelerate towards D,. As soon as it enters D,, it
is shielded from the electric field by the metallic
chamber. Inside D,, it moves at right angle to the
magnetic field and hence describes a semi-circle
inside it. After completing the semi-circle, it enters
the gap between the dees at the time, when
polarities of dees have been reversed. Now the
proton is further accelerated towards D, Then it
enters D,, and again describes the semi-circle due
to the magnetic field which is perpendicular to
the motion of the proton. This process continues
till the proton reaches the periphery (ie, external
boundary) of the dee system. At this stage, the
proton (or a heavy charged particle) is deflected by
the deflecting plate, which then comes out through
the window (W) and hits the target.

Theory: When a proton (or other positively charged
particle) moves at right angle to the magnetic field
(B) inside the dee, magnetic Lorentz force acting on
it is given by

F=qvBsin90°=qvB  (q=charge on the particle)
Il’lV2

This force provides the centripetal force . to

the charged particle to move in a circular path of

radius r.

2
mv= my .
OF F=— e (i)

gvB =

The time taken by the particle to complete a
semicircle inside the dee,

‘ Distance nr ‘ T mv
=— =—ort=—X ——
Speed v v Q‘B
mim
orf= —
B

This shows that time taken by positively charged
particles to complete a semicircle is uniform and
does not depend on the radius.
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Time Period- Let T be the time period of the high
frequency electric field, then the polarities of dees
will change after time T/2. The particle will be
accelerated if time taken by it to describe the semi-
circle is equal to T/2.

T Tm
le. R
or
2m
= 7B

1 gqB
f=—=
T  2mm

Cyclotron angular frequency,

B
W=2nt= i

(iii) Energy gained - received by a positively charged
particle The energy carried is given as
1

E=—mv?
2
. qBr
Using equation (i) m
2.2 2
1 1 Br\2 B
E:—mpzz—n;(q r) :u
2 2 m 2m

The maximum energy obtained by a positively
charged particle,

_ quz 2
E max Im F max

Thus, the positively charged particle will acquire
maximum energy, when it is at the periphery of the
dees (where, r is maximum).

Cyclotron cannot accelerate electrons because
their mass is very small. They move with very high
velocities even after receiving low energy in the
cyclotron. Also Oscillating electric fields make them
go quickly out of phase because of their high speed.

37TfEId HaTt Ut IR el &l

Deflecting
plate

1 positively
! charged
: particle

§TGC-g8 &1 W™l D-3TTpid b &lfcach dhafl BT a1
BIdT 8 {578 S131 (Dees) & &1 3 3131 & HEA HB H<RTo
G ST & 530 e=1afRid BTl & AN (source) BT 3@T
ST &1 Y3 Y 3= 37 aletes A 51T S77aT & 311 b
3151 b 31T H 3= 3MMqf g & Ue e &1 5
TG BT 7 |<:|s%5 gwm%a‘r g[dl b Heg 3G {11
Bl g IdEAd tyqqo DR rIhIg & S5 & Tl &b
[I=COEIGI

BHIHYUTTA- T 0 | HIs ATAfRId BT (UIeH) 3T 5Td
BIdT & JYT 519 D, BUTGIRId &ldl & g D, gTa I eret
& AT HUI D, Bl 3R TRA ed1 &l D, ¥ U8 graabig &7
$Wﬁﬁﬂ;%l%’%ﬁﬁUD%§'ﬁ§ﬁ g;r;
T DHRUT BT 8l 31 LECIGEEC
Y Wm (reverse) 81 STl & Y 78 917 & Hen
37RTeT H U921 hdT 8l 379 UelT D, i 37k afvd grdr
%lm&ﬁuﬁwm%awéﬁ%%a%wﬁ
37 Ty &I BT
$W\W%I%wmaﬁaﬁﬂﬁ?ﬁ_ﬁ%ﬂ
b o Uil 3151 g &1 ufkfe a T81 uga sl 5
f&fd o wierT @r 9t 37mafd &on fa&aur we gri
%&Hﬁﬁ?m%sﬁ%@sﬁwﬁ@rm@ﬂawﬁ
THT &l

Rgem- 579 I3 U (YAl 39 gHTHS AR
FHon 1eka< o aa(a)asmaﬁrrﬁaﬂm%a’r
T W B

F=qvB sin90°=qvB (q = HUT TR HTARD
T8 §c1 3TATRIA HUT I r 3507 JeiTdR 9y H i B
2

P fou g g m%umm%l
sz
qvB = " or rZ% ................ (i)

Q28: HTEAWICH & fageia fAmfor 3ik srdyone &1 quia
B FAICHl D) @Rd B & AU TP Asaeiie ;o Pistance  ®C L _ T MV
3ugad a9l 761 87 Speed v gB

IR ATSFAIC-(Cyclotron) : ATSTAICIT SR HUN G mm
I, a-hUT, Y 31T DT aRd Hed & gfad ort= g
%ﬁq?aﬁqgmméawqﬁﬁqﬁm gugad (ii)

rel I g8 UGiRid 8IdT & fob eI AARIT BT GRI
figera - 59 fodl gmafia o1 @ 3= g 37¢erqe o 31 & @I Hg FHE 81T & 991 iz w
fae[d &= o yaor & BT TINT B U TR-ER ﬁrﬂ'\rq'é’rm'r%l
T a1 ST & o U8 @l erar & dur ygie qrEn i
PeT-12 (ftfadhn — SANE MR, I, IIRES
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DI (Time Period)-HTHT UTdd! fagd &% T
addrel T & @ 3ierd=l bl gaurdT T/2 ¥HT &
aRgTq yfafdd gt afe feft &or grT 3rderge got
@R 1 T TG T/2 & SRTeR BT Y HUT izl &Il

T T

3{?41?[ ?:r: g3

Hrgamiigi 3gf (Cyclotron frequency)

1 gqB
f=—=
T  2mm

B
W=2nt= i
e (v)

(iii) UTST I 8 311 (Energy gained)- &ATH® 3TTATRIA
FHUT GRT YT 1 1T H311 37 YHR <Y 3T &l

E=—mv?
2

o () HUamT o

_ gBr

EFTH® 3TTATIT T §RT YT I TS 37ferdsdd 3Hat,

~ q232 3
Emax_ Im Fmax

37dl: 516 g-TcH HTITRIA HUT HEerd=< bl UiRfe aR 8
GTet r 31ferpan &) d a8 31faedn H3tt UgoT sl

TTBTAIC T ST = D I 81 IR Thdl qalfdh 37h
CHA §§d HH &l TTSFAICH B Y 3311 T80T 3 IR
ot § 980 3T 97T A T B 815TD 37Tl ared=iTeT
ﬁqgﬁa;ﬁﬁnﬁasmﬁaﬁﬁwﬁw
TR < Bl

HeT-12 (difadn — AN E 3R, I, TRAS




CHAPTER -5

b Ud A

MAGNETISM AND MATTER

Ans  (b)
Q1. The magnetic lines of force inside a bar magnet:
a)  do not exist Q4. €W T 3YGT THF HIVT BT 71 faoeaT erar &
b)  depends on area of cross-section of bar magnet a o b 90°
c) 45° d  180°
c)  are from N-pole to S-pole of the magnet
d)  are from S-pole to N-pole of the magnet. I ®
Ans:  (d) Q5. Which of the following materials is the most
. L. . suitable for making a permanent magnet?
Q1 ?mﬁgﬁﬁmmm a)  Softlron b)  Nickel
a H 3|C
. ) C d) Steel
by &S IEDH D AU BIC & &AFhe R R Brare c opper ee
O 9B P N-GI N S-GAABAAE Ans: (d)
d) 9P P S AN AD A € Q5. T gEes 9 & fAy PafafEa § & st gerd
IR Haffars 3uga &
a) W% 3RA by e
Q2. A magnetic dipole moment is a vector quantity 0 B d e
directed from: IR W)
a) StoN b) NtoS
¢ EtoW d WtoE Q6. For which of the following is magnetic
Ans: (@) susceptibility negative?
a)  Paramagnetic and Ferromagnetic materials
Q2. gﬁ@lﬂﬁgﬁ 3Teof U wfeRT 1R & fSrweh faem et b)  Paramagnetic Materials only
a; =BT A 3R B 3R c¢)  Ferromagnetic Materials only
b S| THTH IR d)  Diamagnetic Materials
o qEATRET B IR Ans: (d)
d  URgH A gd HT IR
’ kS e, PRSI 3 & e Ty {aehna Reimagnetic
3d:- (a) susceptibility) BUMHS &7
a  IgEDHT ﬁ?ﬁ%’fg@ﬁw geTy
Q3. A magnetic needle is kept in a non-uniform b dact B ver
magnetic field. It experiences
o Wi gEdy gard
a)  atorque but not a force.
d  Ufaqrda gard
b)  Neither a force nor a torque.
3R- ()
c¢) aforce and atorque.
d) aforce but not atorque. Q7. A sensitive magnetic field instrument can be
Ans: (0) effectively shielded from the external magnetic
field by placing it inside which of the following
Qs. uaiqaa?rqa%?aﬁamwmqaﬁw aa v @ mar dl us materials?
3TYd BT a)  Plastic Material
a) U gat 3Mgof Wfeh a7 el b Wood
b) ?ﬂaﬂéa%ij SIS EREL 1Tl c)  Soft Iron of high permeability
Z)) E:g : Ut;ﬁm T ot d) A metal of high conductivity
Ans: (0
3d3- (0
) ) Q7. UP HISTITA JaehIg &9 3uavol Bl Fafafaa 7 d
Q4. The angle of dlp at poles IS: ‘ﬁ,—\q ":rrq-.;n' a; 37eY IWHY mﬂ' qaﬁ'q Qa' "q- gg_'"a"]'
a  0° b) 90 ¥u | ufRfara fasan s awar 2
HafT-12 (N — A IR, I, FTRES




a)  THliRced ATHIT Q11. What is the net magnetic moment of an atom of
b sl a diamagnetic material?
o) 3 URITE AT dhI ARH of[el a) Greater than 1
d 3 ATeAehdT dTe] 8T b)  Less than 1 but greater than zero
3AR- (0 c)  Lessthan zero but greater than -1
d) Zero
Q8. What happens to the magnetic moment if a hole )
is made at the centre of a bar magnet? Ans: (d)
a)  Decreases b)  Increases Qu. e qﬁqaa’?m 9eTd & URATU] BT G JEHIT
c¢)  No change d) None of the above 31T€g0'ftﬂT
Ans: () a  19aE
o ' b) 13 PBH oifch L A 37feId
Qs. uﬁagﬁf{;masﬂmﬁ@zﬁ?mmaﬂwm O YA DT o -1 A 31
Gl ? d 2
¥ IR () "
b dgdrs i
o PR ?a_i qﬁm% Q12. What is the S.I. unit of magnetic susceptibility?
d) 3URIc frﬁaﬁ's‘q%"r a) Am- b) TA-
3 (© o TmA? d) No units
Q9. Three needles N, N, and N, are made of a Ans: (d)
ferromagnetic, a paramagnetic and a diamagnetic 51 fa g
substance respectively. A magnet, when brought Q12 a) Am Hrsl W?I'Zm .
close to them, will 0 TmA- d No units
a)  attract N, strongly, but repel weakly. IR ()
b)  attract all three of them.
©) attract N, and N, strongly but repel N,. Qi3. Cur.ie temperature is the temperature above
d)  attract N, strongly, N, weakly and repel N; weakly. which . . .
a)  aferromagnetic material becomes paramagnetic.
Ans:  (d) . . . .
b)  aferromagnetic material becomes diamagnetic.
Q9. dHF ﬁgtn N, N, 3R N, a2t wite geref c)  aparamagnetic material becomes diamagnetic.
Wﬂ 4 31R gard aerd A ot d)  aparamagnetic material becomes ferromagnetic.
EC R qa® a?r ERL2 AT ST &
(@ N, Gedl A BT B W N, 37 NI Ans: ()
PHAR T { D £ <Ml Q3. FGH ATIH 8 AT9T & S FW
by 3T BT 3BT P | _ a) U leqEd uerd ey uard a7 STar |
2 ng?g{gﬁnsqui A BT HIM 2 AP b U diegmEdrd uard Ufaqadig a7 STdT |
N, T el 0 UH IIEHN yeTd Ufaqradhg a7 STdT 2
d) N, T AT F 3TN Bl &, N, BT HHR & USIHTIESI ueTd Aieae 5 ST 31
FY A Y SN FAT 8 3R N, P AR FY R @
[ Ui ger &l
3AdR- () Q14. What is the value of angle of dip at the magnetic
equator?
Q10. What is the work done by the magnet of moment a o° b) 90°
M if it is rotated through 360° in magnetic field B? o 45° d) Nearly 30°
a) 2MB b) MB Ans:  (a)
c) 21BH d) Zero X
Q14. & IWT TR Tdl 37Yal T9 HIUT &I q1
oA
Ans:  (d) Aar#
a  o° b)  90°
Qio. 3TEYf M & T gRT fosar mar s 4t 8 afe s . .
QBT 8 Bff360 A g g ma ? o 45 d) T30
a) 2MB b) MB 3d- (@)
o  2mBH d = . .
Q15. What is the angle of dip at a place where the
3T @ horizontal component of earth’s magnetic field is
equal to the vertical component?
HeafT-12 (1T — FMEIRA, A, TRES




a o° b) 30° a)  paramagnetic b) diamagnetic
Q) 45 d) 90° c¢)  ferromagnetic d) none of these
Ans. (d) Ans- (b)
Q5. fFNWARTFABVIFTAAMETT QA S IEHT  Q19. U Uard & B TH B G & #) uferazma
&7 &1 &1 es Heafer ged &S TR 8 &2 TS & UTH @141 5171 81 afc gard &1 ghs1 g |
a o b  30° Afaefia sargal gsucTd aar# ?
o 45 d  90° a  3gEor by ufd b
IR (0 0 wiegEDY d  FHIPE AT
3dr- (b)
Q16. Which of the following is a paramagnetic . L .
substance? Q20. The potential energy of a magnetic dipole is:
a) Iron b)  Aluminium a) U=m B b U=mxB
. > > > >
c¢)  Nickel d) Hydrogen. Q) U=—m-B d U=mt+B
Ans- (b) Ans-  (c)
aie. FdABE sgEHT TaTd &2 Qz0. rchIy fgra Y st it ereft &:
— - -> >
a) ole b) a) U=m-B b) U=mXB
o Fiawe d  ESIS 9 U=-mDB & U=—m+D
ERA IR ©
Q17. Themostsuitable materialformakingtransformer Q21. The relation between magnetic field, dipole
core is- moment and torque is:
a)  Steel b)  Nickel a) ?: ; g b) ?: E % §
c)  Copper d) Softiron o T=m+B d m=+B
Ans:  (d) Ans- (b)
Q17. THHAWBR DR B §9[ & fA7 TR Iuger uary - Q21. gﬁafrqaq fEera smgef aur a@ 3mgYf &1 T
a | b)  fAFB (Nickel 2:
0 PR d  TRH el ) 1=m-'B b 1=mXDB
Ans: (d) Q) I=m+B d m=1B
Q18. At room temperature Nickel (Ni) shows I
Ferromagnetic properties. If the temperature is @22, The dimensions of the magnetic dipole moment
increased above the Curie temperature, it will are:
S:'°w’ o a  [m°LT'Al by [M°r*1°A]
a aramagnetism .
paramagnetis o [Mrr'Al d [MPT Al
b)  Ferromagnetism
. Ans- (b)
€)  no magnetising property ]
d)  diamagnetism. Q22. b1y fEera 3meof &t fammy et #:
Ans- (@) a  [M'Lr’A] b [M'1P17A]
N o o [mrr'al d  [mrT Al
Q18. HUY P ATIH IR fHabe (Ni) FI'BE!WEF”IQ ToT <R 3
21 afE arg & a9 a9 A 31fd ge1 f&ar v aaaE oo
e :
(@) 3TgEDHT \ Subjective Question (fqeafs wsn \
(b) wiE JrEHE '
© ﬁé’ﬂwwqﬁ Q1.  What is a magnet?
(d ufdgEed | Ans:  Amagnetis a substance that can attract magnetised
IR (@ substances such as iron and remains in the north-
south direction when freely suspended in a linear
Q19. A small piece of a substance (which is not fashion.
magnetic) is brought near a strong magnet. If o, ng?
a piece of matter is repelled by a magnet, then T i @B 3T
hat is this matter? BRI Ve JaT Wtﬁr 4
w - R hT & TUT ol TY A 3Tepfd ¥ Wy ST
HeafT-12 (1T — FMEIRA, A, TRES




TR ITR-cf&roT fom o 3&ar &l

Ydh P R HeqH a1 511 AT 8 |

Q2. What is an artificial magnet? qumﬁq a9 Wq@?ﬁq a3
Ans:  Man-made magnets are known as artificial magnets. (uniform magnetic field) | (Non uniform magnetic field)
Q2. q;ﬁ'qqqa;aq‘[%? 1 gfe fddt &3 & It |1 afe foselt &3 o fo
, ~ : : fog3ii ® A | {9531 R by A
3q A4 Ffid gae $HEE gRe & ¥ 5 51 A7 8 a R ; N ;
. . QIIHIY & PEAICI &l | rIhIT &5 hEATdT 8l
Q3. Give two ways to demagnetize a magnet. &
Ans: (i) By heating it (i) By dropping it repeatedly on the 3CTERVT:- YA BT | IRV TH ISP
ground &5 dYT o] IRATTADT [ PRUT Jehlg &
' P IR Jraeh1d & | HHAFY Bl &l
Q3. ford gras & fagrafed &3 & & 3urg sarsd| 2. quaaﬁn & 2. Wg;@aﬁqaaﬁ,
IR () 3N T R (i) T TR-TR ERTAA TR TR A GBI 1 URHTO
Al i dur faem wot &9 F [ qur fam fay fogst w
Q4. What is the reliable test of magnetism? I E premps & pes
. Lo . 3. HH¥Y qmaﬁlq 3. 3IHMH ?\l@?ﬁﬁ g
Ans:  Repulsion is the real test of magnetism. A A el THFR | @ e, o
X3 gRT veiRid fosar | 3ryar 3= qredl
? .
Q4. qmmarﬁ%a‘«q:ﬁ'qqﬁimm%. AT R S A gl fear
IR UMDY JHd Bl TRATID GRIE0T & ST 8l
Q5. What are magnetic fields? What is the difference f \/
between uniform and non-uniform magnetic ~
fields? Explain with the help of a diagram. - ’
Ans:  Magnetic field: Magnetic field is the space around a Uniform magnetic ﬁ
magnet (or current carrying conductor) within which field I
its effect can be experienced by a small magnet.
Uniform field magnetic Non uniform Q6. What are magnetic field lines? Give their main
magnetic field characteristics.
1. If the magnetic field is the | 1. If the magnetic field is Ans:  Magnetic field lines: The magnetic field s
same at all points in a region, | different at different points represented by a set of lines or curves which are
then it is called a uniform | in a region, then it is called a called magnetic field lines. These lines are not real,
magnetic field. non-uniform magnetic field. ) . ) .
but they are drawn to simply visualise the magnetic
Example: Earth’s magnetic | Example- The magnetic field field.
field and magnetic field | due to a magnet is non-
inside a long solenoid. uniform. The main properties of magnetic field lines are as
2.In a uniform magnetic field, | 2. In a non-uniform magnetic follows:
the magnitude and direction | field, the magnitude and L . .
of the magnetic field remain | direction of the magnetic (@) Magnetic field lines form continuous and closed
the same throughout the [ field are different at different curves. It moves from north pole to south pole
region. points. outside the magnet while it moves from south pole
3. Uniform magnetic field | 3. A non-uniform magnetic to north pole inside the magnet.
is represented by equally | field is represented by
spaced parallel lines. converging, diverging or
unequally spaced lines.
; J \\"&s/‘/
> O |
= _ > R e oy WY
Uniform magnetic
field Non-uniform
magnetic field
(b) The tangent drawn at any point to the magnetic
Q5.  YEHIT AF FGT § 7HEEY d4T HHAEY TIHIT 8431 & field line shows the direction of the magnetic field
Teq T 3R § 7 o Y weraar | [nssy | B (flux density, magnetic field or magnetic field
IWR: GBI & : (Magnetic Field) strength) at that point
JrBTT & Rl TrIe (37AT SRTATE TS ) B ARY (c) Two magnetic field lines do not intersect 'each
377 BT a8 T 2 5 s ST W et B other. .If th.ey cross each o.the.r then there V\./I|| be
two directions of magnetic field at the point of
HeafT-12 (1T — FMEIRA, A, TRES
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Qeé.

HefT-12 (N

intersection which is impossible.

B

(d) Magnetic field lines that are far from each other
represent a weak magnetic field while magnetic
field lines that are close to each other represent a
strong magnetic field.

—
—
—_—

Strong Weak
Magnetic Field Magnetic Field

(e) Although magnetic lines are not real, yet they
represent the magnetic field which is real.

DI & YW FT E 2 371 Wi farwang ol
TP & IWIU( Magnetic field Lines): T &F
<51 T35t Y3 31T XT3 3 R €T AR o
ST & 578 Jraohiy & W@TY @81 STTdT 1T 8l I ¥@Ty
IR<fae T8l 8ldl 377Uq $ by &F Bl IRl T H
U fRid B & Wi ST 8l

TrIDHIY & XT3 &b U@ 10T UPR &

(a) TrIShIT & AT Helcl 4T S dehl bl FHHTOT vl
3R fd Bl Bl . qa

\"R\ﬁ-—*‘:__——-——"’/?/
/ \\

>

(b)ig@ﬂ%ﬂ&ﬂ?@%ﬁﬂﬂﬁﬁﬂ@iﬁﬂé@%ﬁ@ﬁ
vg;qmlq &5 B (AT g<q, oblu &5 37yar
ST AW ) & fermar BT 8l

mmmﬁwmﬁ T Hred
P BIcd! & dl I81 TEDhId & Dl al
& 311 fos 3Rma Bl

(c) &Y JrEhI
£ a3 g
fE=mu Ut

Q7.

Ans:

Q7.

3R

a & W1y
(d)t@?ﬂ’\’ w ﬁﬁafq@a'ﬂ'qasr?@m

Wq@?ﬁm R FIATE |
— _—
—

—_— —_—r
—_—
_— _—
Strong weak
Magnetic Field Magnetic Field

() FEITY TEHIY IFTY adfad A6l 8l & foh off ¥
JrIHTd & I Y RTd el & 311 fob arafaes erdr 8l

What is magnetic dipole and magnetic moment?

A magnetic dipole consists of a pair of magnetic
poles of equal and opposite strengths separated
by a small distance. Examples of magnetic dipole
are: magnetic needle, bar magnet, current carrying
solenoid, current loop etc.

Magnetic dipole moment: The magnetic dipole
moment (m) is defined as the product of the pole
strength of either pole and the distance between
the magnetic poles.

The distance between the two poles is called the
magnetic length and is taken as 21 . Let ¢, be the
pole strength of each pole, then magnetic dipole
moment is given as m = g, X 21

1 1
1 |
| 2 ]
1 |

The magnetic dipole moment is a vector, so it can
—-> —>
be written as m = q(2l )

where 2/ is the magnetic length vector directed
from the south to the north pole. Thus the direction
of magnetic dipole moment is from south to north.

oI fEea au1 gradhig gof Faré ?
b1y fggld, 3700 3 TR I I qu1 fauda amad

& EHI gdl GRT I ATl & g fgga &
3CTER0T & : gIhIg Jg, B3 JRIb, IRIATE! URAT oienT,

E&RTe{Y 3T<|

?{@?ﬁlﬂ HTE[U'T( Magnetic dipole moment):@ﬁﬂﬁ&{d
HTEUT (m) DT BT TP gd o1 g AHA q4T gal &
Heq g & UGS A GRHTS fohar ST1a1 81 27 ¢ai &
Heg 1 Gl P JrIhIy WHdTs ed & ad1 g9 2/ foar
ST 2l UAS ¢gd &I Jrachig AHA dI g, be the
pole strength of each pole, then magnetic HTHd §U

graoh1d fgera 3mgoi 38 UeR faTsTar el m = g, X 21

FHNE3IRA, I, RS




Qs. Ummgaﬁ‘amﬁﬁm’rﬁ ( B3 gEP) W
For3Tgof ﬁvma{ﬁqaﬁgul
IR Tlc PIg gy fggd (@3-grad) fodl 0y gredig
B o & a7 1 fUd & a1 b & 301 AT <f&of gd [H ayT
il o % faudd a1 31{9d B &l
I >
HHT BT Frich bl JrichIg wiraTs = 2
TrIehIY fgela 3Tgof Ueh AfET 8 37a: 3 30 UPBR foim N o
— —> =
STTABATEl m = ¢(20) T §d BT g[d AL = g,
>
STel 2 <faoft A 30 ga 1 3R AR afewr g 1 1 B BT T =
gwmﬂﬁqaaﬂqﬂfa?rﬁmafawﬁmaﬁm B 3 amdel g B Rufd - 6
|
79, 39 d R B I Fx = qmb
Q8. Derive the relation for the torque on a dipole (bar o o
magnet) in a uniform magnetic field. Zf&qoft gfd WBRATA £, =-gmB
Ans: If a magnetic dipole (bar magnet) is placed in a
uniform magnetic field, then the north and south
poles of the magnet experience equal and opposite
forces.
Let the magnetic length of the magnet = 2/
Pole strength of each pole = ¢,
Strength of Magnetic field = B
Angle between Bandm =0
— ->
Then, force acting on north pole Fy = gmB
> > A g1 U g o1 [HT0T el & 51Aeh! Ugfti g b1 B
Force acting on South Pole F, =-gmB &y feem o & B & 3T UPR Eral 3.m;£u‘[
3197d &I &l
37d: B3 JrIch UR B g TE0T
T =Tc1 x Il b HeF aad Q3
gl, T= ¢mBxZN= B(SNsind)=9nB(2lsind)
fas SNZ T sin § =ZN/SN AT ZN = SN sin 6)
T =(4nx2)Bsin@=mBsinf G n x2/=m)
AT d, 7 =m X B
Q9. Derive the relation for the intensity of the
These forces constitute a couple which tends to m:gng:'c field at a point on the axial line of the
. . . > .
rotate the magnet in the direction of B ;thus the  Ang Magnetic field intensity at a point on the axial line of
magnet experiences a torque. a bar magnet:
Therefore, torque acting on the bar magnet is given S o N w B,
» torq g g 9 |*' _______ - :I _______ =t
by, P
e 21 |
T= force x perpendicular distance between the fe r —
forces )
Let O be the centre of a bar magnet having
Or, T= BxZN= B(SNsinfd)= ¢,B (2sind) magnetic length 2. Point P lies on the axial line of
' ) . . the bar magnet at a distance r from the centre O.
(since in SNZ, sin =ZN/SN or ZN = SN sin §) The position of the point P on the axial line is also
] . . known as the end of position with respect to the
T=(9nx2[)Bsinf=mBsind (since ¢n x2/=m) magnet. The magnetic field intensity at P due to the
—
In vector form, c=mXxB north pole of the bar magnet B; will be along NP
HafT-12 (N — A IR, I, FTRES




2 Mo _gm

Bi A (Til)z
Similarly, the magnetic field intensitl)at point P due
to the south pole of the bar magnet B, will be along
PS.

—>:ﬂ qm
B Gty

Therefore, the intensity of the resultant magnetic
field at the point P due to the bar magnet,

_ Mo Qqm Ho qm

Qio.

%:[ﬁ‘?qmXQZ:m

. _ Mo 2mr
3 B, = (i-rY P 3rfaRn

e g HI darsggd dpAarar I << r’

Ho2m
3

B, =
drr

Derive the relation for the intensity of the
magnetic field at the equatorial point of the
magnet.

Ba= "y (1) 4m (r+1Y Ans:  Magnetic field intensity at the equatorial point of a
e |G Gy bar magnet
A4 qm - (7‘2 _ 12)2
_ Mo (rt1+r=0D(+1-r+1)
4 q’”_ (-2
_ Mo [ orx 2
47 Gqm i (7‘2 _ 12)2
since qmX2l=m
_ Mo 2mr
hence B, = ir (72— Y along NP | )
if the length of the magnet is very small, <<y’ R
_ Mo2m ‘"\ """""
¢ 4’ S
Q. B 37af1T Y@ R foret famg W by & Y D
masﬁumqﬁqaaﬁﬁvl
EREd m”rﬁwaﬁ 37&fig @1 R R fog IR Jeoy
& bt : Let the point O be the centre of a bar magnet of
S o LR E: magnetic length 2i. Let the equatorial point P be
F ------- - :l ——————— o— at a distance r from the centre O. The position of
) 5l - P the equatorial point P is also known as Broad-on
e e — position with respect to the magnet. The magnetic
e = field intensity at P due to the north pole of the bar
HTET 0,21 ﬂ\@fﬁﬁlq I fomet S g hI - .
P & P< 0 A 31afT ¥ W B g p R d131afi magnet B; will be along NP
3E1 R p T b1 FRAfd 1 graes o ATTE 3&T (end on) > 0 qn
o1 fRfd & w0 & oft ST 7T 81 B3 IS S 3T d & Bi Tar (24 2Y
PRUT P fo=g UR TrIehTd &5 BT diadT B; NP & 3TfaRT
& =0 Slong NP 0)
> ] q i (7“2+l2)
0 m
Bi=",- (r1Y Similarly, the magnetic field intensity at P due to the
3t UBR, B3 D B_cEvl gd & HRUT P fag | south pole of the bar magnet B: will be along PS.
, B3 D1
rIhIY &1 1 eIl B, PS o 31T 8T | >_f m )
B, =-—7>5 o alongPS (D)
= ﬂ qm i (T *1 )
By = 4 2 =g -> . .
T (r+1) B; and B; ,areinclined at an angle of 26.Therefore
31 B35 I & HRUT P o IR aRoTHY Jradhiy & & ,the resultant of these two field intensities is given
GIEGIA by,
—Fo Gm Mo Gm
Bo = 4 (r,l)2 T dr (7" + 1)2 By = \/ng +B§9 + 2B; Bocos20
_ Mo —(r+l)2*(r—l)2 since E:EZ
T o4p I 2—l2 ’
L (=1) Be = v/2B} + 2B} cos 26
_ Mo (r+1+r=0DG+1—7+1) 5
. Qm- (2= ) Hence =/ 2B (1+cos26)
o 'm] — /257X 20050
az o L (= l2)2 = 2Bjcos
HafT-12 (N — A IR, I, FTRES




(since (1 + cos 20) = 2 cos20)

Using equation (i), we get

o qm
B.=2X 42ﬁcosﬁ

From the picture,

cosf =

0
therefore
b=t an X2
¢ Ar (r2 N 12)%
since
am X2l
in
Ho m
Be = =
4r (r n lz)/
In case magnet is of very small,then > << »°
= —ﬂ()m
¢ 471'r3

Qio. TS & YA - W& fag R T &7 I dfiaar &
fog we=u sgfeaa Hif5wl
IR Tl B3 g & YAer W@ fag IR Jehig &5 6l

Qi1
Ans:
S |«
HHET T fdg 0, 2 2/ TrEhIT THaTS bl fohl B3 Iieh BT
P< B HAT DI B< 0 F r gl W I ey fag
P 8lyHen 3 R p fog 1 FRIfT &1 Jraed &b ATdE
(Broad-on) & fRuf & ¥4 1 ST 31T 28l B‘S’ryewbéﬁ
& BRUT p g Ry ax B cfigar B, e O
aﬂ&gﬂm
™ (7 +07) NP & 3TfERT .0 ENEE
_ M om
4 (T2+l2)
¥ UBR, B3 D P AN gd B BRUT P fag W
IEHTY & BT el B, PS b IR AN |
= _ Mo m B
B = i (74 ) PS & 1A ......{i)
HeiT-12 (FHfahHn —

YT, 20 HIUT IR 5[ U &l sﬂﬁnﬁmﬁmﬁmaﬂ

wuﬁmﬁsﬁwfi’mm
By =/ B} + Bi+ 2B, Bocos20
- - —
Jfd B; =B
_ 2 2
=4/ 2B *+ 2Bi cos 20
s~ V2B (1+ cos20)
=4/ 23% X 9 cos’ @
= 2Bjcosd

(fob (1 + cos 26) = 2 cos260)
BT () & TETT A, & UTd B

o qm
—gx 2 dm
B =2X° (T2+l2>cost9
IEER:H
COS&Z%
Vot
3Ad:
Mo nX2
) NGRS
qgm X2l =m
A
o __ m

Be=" "=

4m (72 e )%

I uRfRfa ¥ seges M dasagadaarar I << »
_ tom
47rr3

€

In a short bar magnet, what is the relation
between the value of magnetic induction at a
point located on the axial line of the magnet and
the magnetic induction at the equatorial point
located at the same distance?

In a short bar magnet, the value of magnetic
induction at a point located on the axial line of the
magnet is twice the value of magnetic induction
obtained at the equatorial point located at the same
distance and direction is opposite.

B, =—2B¢

fHl BICt B3 grae § g oI &g Yar v fuda
foael fag ORIy AR0T &1 71 3R |19H @ W
e yren Yt fa=g uv uTed Jraehia 9701 & Hen a1
S AT 8 ?
W@és@wﬁwaﬁmﬁqmwﬁuﬂ
rIHIY YRUT BT A A &3l IR T

T e

B = 2Be
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Q12. What is the basic difference between electric and

magnetic fields?

& AT 90 B3N BT HI0T 71T 8) A gt Fafa & fgafta
HA | fou T i 1 fR&ufas Hat w0 § gk
fopaT stTaT 8

Ans: A Electric field is caused by stationary charges and
magnetic field is caused by moving charges. gfe ot fgga f5raeT graehiy 3mgof m 8, &1 B Ame
e . Tl FHEY &9 & A& O HIUT IR IWT AT &| e
B. Electric field lines are not continuous; they start S GRT 3THA YT ST aTel Tt AT S/ UBR et
at positive charges and end at negative charges but ATaT B
magnetic field lines are continuous.
T =mB sinB
Q2. faE[ auT TSI QAT & HEA TEMRYA TR FATE? af
N d6 PIUT IR FHAT 81 a1 foha1 a1 1Y &,
3R: A fag[d &9 o1 BRUT FRR 31620 &Iy &7 Tfad= feea
HTART & HIRUT &Il &l dW="T dB = mBsinBd®
B. fargld ot Y@TU el A&l el & & o7aRT 3 [ &l fRega @10, 70, Rl d g 3 et ma1 e prd
& T BUTART TR FHTW &Il & TR TIhIY dod X1y . .
Xi¢ E\Eﬁ?ﬁ%l W=f 2mBsin()d():mB‘/' 2sinf)d():—mB[cosﬁz—cosé)l]
o 2]
Q13. Derive the relation for'the. potential e'n?rgy of a 37 T 3531 o G A,
bar magnet or magnetic dipole when it is placed
in a magnetic field?
Ans: The work done in rotating a magnetic dipole (bar U= W=- mB(cosH,._— cosf?l)
magnet) in a magnetic field is stored in the form W _ B 0y _ _
of potential energy of the magnetic dipole.The or, U= W= mB( COSQ’J cos30 ) = —mBeos
potential energy of a bar magnet in a uniform , —0and 0. =90"
magnetic field is defined as the work done in since 6,=0 and =90
deflecting it from standard position (i.e magnet
makes 90 degree angle with the direction of field ) In vector form, U=—-— . —
to other position. mo B
If 3 dlpole.of magnetic mome.nt m1s pIaceq at. an Q14. When does a magnetic dipole have maximum
angle 8 with respect to a uniform magnetic field tential insid tic field?
B. Then the torque experienced by it is given by. potential energy inside a magnetic Tield
T =mB sin® Ans: A magnetic dipole has maximum potential energy
in a magnetic field when it is anti parallel (ie © =
If the dipole is rotated through an angle dB then the 180°)so,U_=mB.
work done is given by e
dW=T d6 = mBsinBd® Q14. mi @rﬁjﬁrﬁfm%{iﬁ 1 fqa 3
The total work done in rotating the dipole from ;to  3t%: mw&%ﬁﬁﬂﬂmmﬁmw
8, position Work Hail RIAT & 59 98 Ufd AHAR 8 (0 = 180°) d9 U
0, o, max= mB
W=f mBsinQdQ:mB/ sinfd@ = — mB[cosez— cosel]
o o 15. When does a magnetic dipole have minimum
Therefore by the definition of potential energy, potential energy inside a magnetic field ?
Ans: A magnetic dipole has minimum potential energy
U= Wz—mB(cosé),.—cosBl) in a magnetic field when m and B are parallel
“ (6=0")So,U__=-mB
— W=— _ 0y = _
or, U= W= mB( cosﬂg 0890 ) mBcost Qs fe Srq & & R UD B e e
ince 0,=0 and 0 =90 Rttt ot Tare & 7
Since 0,=0 and 0= I P IS R foelt g & 7 am Ruferst
H311 3G 8 516 m dUT B AAFTR & 0 = 0°) dd
In vector form, U=-—.— U =-mB
m B max
) Q16. Explain geographic pole, magnetic pole,
3. ferdi B3 mqmﬁuﬁqaﬁﬁlﬁaﬁﬁaiﬁm geographic axis and magnetic axis with the help
T DY 7T 3 TaHIT &7 & [T ATATE ? of diagrams.
I q@ﬁq & H o3 fEe[a ©3 Iah) 31 T . Ans: Earth behaves like a giant magnet. The N-pole of
¥ fopar T B feera o1 fRifdst a1t & T . . .
S . . this magnet points towards the Geographical South
(%%H)gjrﬁ Hﬂilf%?fﬁ AT e ngmug% g?ﬂ (GS) and the S-pole points towards the Geographical
' North (GN). When a small magnet is suspended
HafT-12 (N — A IR, I, FTRES
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freely, it points in the NS direction. The end of a
freely suspended magnet which is directed towards
the geographic north has an N-pole due to the
attraction of the S pole of Earth’s magnet. Similarly
the other end of a freely suspended magnet which
is directed towards geographic south, is the S-pole.

The imaginary line which joins the geographic
poles (GS and GN) of the earth is called geographic
axis. Similarly, the line joining the magnetic poles of
the earth is called the magnetic axis.

The geographic axis and the magnetic axis do
not superimpose on each other. The magnetic axis
makes an angle of 11.3° with the geographic axis.

Due to the Earth’s magnetism, the magnetic field
lines are parallel to the Earth’s surface near the

magnetic equator and perpendicular to the Earth’s Q17. What is the geographical meridian?
surface near the Earth’s magnetic po|es. Ans: The geographic meridian is the vertical plane that
passes through the geographic axis.
‘;“”g'j'phi” " Qr7. imMifA® R FaTd?
T R diMfas amaRR 3afer aa & 5 dimfes e 3
TR 8l
Magnetic
, . equator
K Q18. What is the magnetic meridian?
;‘ . Ans: The vertical plane which passes through the
| | magnetic axis is called the magnetic meridian.
. y Q8. TEHIT TR FATE ? ~
. IR HEdieR T 51 & A EaR ERAT &, R
YTTTR BHEATT &l
Q19. What is the magnetic equator ?
Ans: A great circle (circle having diameter A’ B’ as per
aie. A 6 weraan A+ ga, gy ga vimfas figure) which lies perpendicular to the magnetic axis
aaamqlaﬁwamaﬁawl on the surface of the earth is known as magnetic
3R gd] U faRITel graich bl Hifd IaeR vl 8l 38 Jraad equator.
BT N-gd Sf&0T (GS) BT HR Y81 & T S-¢fd
3 (GN) ﬁ 3‘]§R- edl % I5Td Uas E)I—Cﬁ Geographic axis
P Hod 9 A FCHAT STdT & a1 I8 N-S feom o e ‘
&1 STdl 8l o ¥9 A oice! §8 g &l 8 (-1 31 S
A IR B3R E, YAl S JEB &b S §d B OO
P BRUT N-¢[d IS UPR Had ¥U A @Iceh! g3 b ) Magnetic
%ﬁ 31 T 311 fmifeies afaror &1 3R AT & s-¢ga K | equator
I ’f
q8 I f-as 191 31 gt & HiMfees gal (65 a91 GN)
DI S5 8, HiMfeed 378 BEerd! 81 331 bR gl b ;
?«‘s@”lq ¢JaT oY VG ITetT 3T Y aHT 378 HETcT 3 ;
| ) 7
Himfees 378 guT 378 39 H Yh-giEl W
FARTUT TS 81 8 | 31 oftmifoias 318 & ATy
11.3° 1 BIVT S BIYE & Grahed B BRUT YDbIY
aaa?saa?@m @gwmasw; %a"rg
T8 & HMTR dUT rHIY gal
a’?rwasama—crs‘m"’?%l i ? 1o. Y TEE ARG a8
) 3 b J&d gd (T & AR A’ B ATH I ITedl gl i1
gl Y AlE TR & & irgac fRId T &, -
FIIhIY YA QT & ATH A AT SATATE |
HeiT-12 (FHfahHn T3 SAAE IR, e, RIS




Q20. Write the names of the magnetic elements of the

Ans:

HefT-12 (N

earth and define them?

The magnitude and direction of Earth’s magnetic
field at any place are completely given by three
quantities known as magnetic elements. These are
the following:-

(1) Magnetic declination (6)
(2) Magnetic inclination or dip ()

(3) Horizontal component of magnetic field (By ) of
earth

(1) Magnetic declination (8) : Magnetic declination at
a place is defined as the angle between geographic
meridian and magnetic meridian at that place.

Figure (A)

Figure (A) shows the top view of the Earth where
Gn- Gs and My - Ms represent the geographic and
magnetic meridians respectively. Then the angle
GnyOM; = B is the magnetic declination.

2.Magnetic inclination or dip (8) - The angle between
the direction of the total intensity of the Earth’s
magnetic field and a horizontal line in the magnetic
meridian is called Magnetic inclination or dip ().

Q2o0.
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Magnetic Meridian  Geographic Meridian

Figure(B)
In figure(B) OB shows the total intensity of the
earth’s magnetic field.OM; is a horizontal line in the
magnetic meridian making an angle & with OB. This
angle is called the Magnetic inclination or dip (8) of
that place.

3. Horizontal component of the Earth’s magnetic
field (By)- The component of the total intensity
of the magnetic field in the horizontal direction
in the magnetic meridian is called the horizontal
component of the Earth’s magnetic field.

%ﬁ%@ﬁﬁ%mﬁﬁvaﬂ?ﬁqﬁmﬁﬁ
?

fopet T IR gl & Frah1y & 1 a1 ayr uferor
gufaar &7 IRl gR1 fear 57ran 8, 5 gedhig dw
eT 37T 8l 3 FAmfefad &

(1) JFEHIY 379 T fEerqTe(0)
QGrEHIT Afd 374ar 797 (6)
Q)TEDHIT &F BT &fdsT 7T (B,

1. DT 30 T feadT (0)- foret 3 W wiimifeies
IR TYT DHIY YRR &b HeT HIUT Dl 3H I

2l %qu’o\lq 31ga9= 91 feaqard 0) 3 ufefya foear
STTdT &l

=

3 (A) gt &1 MY 527 Sfell 8 5761 Gy - Gs TUT My - Ms
P HURT WP TUT TEDHI ITYRIR DI &21fd 8l 8l
Tqd DIV GOMs = 6, THDHIT G0 Bl

2. DT qfd 31YAT THT (6)- g Afd g&t &
rHI & BT P il T TERTT TAT JrIh g TR

% U &7 3T & Hed IuT &Y Jraohig A 3797 T07
(6) PEd Bl

FHNE3IRA, I, RS
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GN EiSEE IN
LA HELVAE
} i = O = T > O
MS : BHI /'b MS ! BHI /‘(}/
i 1 ’ 1 t
‘ 14 1 y
: B!{.N_.Bv : Bé(,;.v,.",_‘Bv
i i
l\ - l~
f f =
TR Magnetic Meridian  Geographic Meridian
AT
a3 #, B, &fd= ge® € au1 By gt & g &7 H
@) eI &bl Fradd ucb &l
. ad
f=(B) ¥ OB rhIY &F BT poi gl Pl &=ifdl 8l OB
YrIeh 1T TR ¥ Ueb &HfaisT 3T OM, A 10T 6 aTelt & By =B cosb.........
T8 DIV 3 I &I Jraeh1g i 37aT THT (5) AT Bv=Bsind
8l FHIBROT (i) H () BT 9T & TR,
3. gdl & g & BT &S ged (B,)- TH %:%ng:tana
qrITeR 1 AT 2R Gy &F B el el Bl . ;Os
g Yl b TEDHIT &7 & &A1 aee deardl ol tan6=BT: .................... (i)
Q21. Derive the relation for the horizontal and vertical 0 a (i) T Tt IR E U,
components of the earth’s magnetic field at a given By2+B\?=B?c0526+B2Sin20=B2(c0520+5in25)=B2
location with the angle of dip. : :
Ans: GN B=+/Bi + B/ (v
,l Yy o P
Mg } 6/ T 8“ O Q22. How will the angle of dip change if one moves
X B”: from the magnetic equator to the pole?
X B'efi - - YBy Ans: At different places on the earth Magnetic inclination
i or dip () is different. If one moves from the magnetic
— equator towards the pole, its value changes from 0°
Tt to 90°. The value of magnetic declination (d) is 90° at
the poles and 0° at the equator.
Magnetic Meridian  Geographic Meridian
Q22. Afd @101 fva yer afkafda e afe 1§ gad
In the figure, By is the horizontal component and e @ A ga Hr AR ATaTE?
Bv is the vertical component of the intensity of the 3% qza"T U 3TAT-37AT WET 97 q@a‘?rq afad 3194971 999
earth’s magnetic field. (O) FATT-HEAT 81T & | TS PIS b1 @A ga
T 3R ST & A1 $HBT A 0° H 90° dH Il &l
Then IO 3TTTH (6) T HT dT UR 90° BIdT & T {HeN
FGTWR 0° BT 8l
B,=B cOSO..cvu (i)
B. =BsinN® (i) Q23. Where on the surface of the earth is the value of
! the vertical component of the earth’s magnetic
Dividing (i) by equation (ii), we get field zero?
By _ Bsind _ s Ans: The vertical component of the Earth’s magnetic field
By Bcosd tano (i) at the magnetic equator is zero.
_ Bv :
tand = 5 Q23. Gl & YT &7 BT HealeR Tceh ST A Gt Bl
HAE U HET T ST &2
Squaring and adding equations (i) and (ii), we get IR YAHIT YHH T R ggaﬁ' P YahIT & Pl HEATER
By+B,?=B?C05?6+B7Sin?6=B(c0s?5+5in’6)=B? FIEH BT A A Brell B
B=+/Bi+ B .(iv) Q24. Where on the surface of the earth is the value of
the horizontal component of the earth’s magnetic
Q2. et @Y g0 W W gt & a7 & dfast field zero?
au1 3¢ uew! & fag PIUT & AT T A Ans: The horizontal component of the Earth’s magnetic
Hf5ul field at the magnetic pole is zero.
HafT-12 (N — A IR, I, FTRES




Q24.

gt & JahIa &4 BT &fdst e ST AH gl S 7as

m
R HET [ AT & =22
3R ﬁﬁmqﬁ$ﬁaﬁnmﬁ &8st g ST A LA l
&l Since m__=q X2l,and V= AX2l
net m

Q25. Define magnetic flux. Give its S unit. 4, X2l 4, (orbar magner)

Ans:  Magnetic flux - The number of magnetic field lines ol Ax 2] - A (cylindrical magnet)
passing perpendicular to a surface is defined as
magnet.ic flux. Flux 'is sympolically denoted .by D. where g, = pole strength of the pole, / = magnetic
The unit of magnetic flux in the SI system is the length of the magnet of cross-section area A.
weber (Wb) or Tm2.

> Magnetic intensity is a vector quantity. Its SI unit is
® =B .A =BAcosB, where 6, is the angle between A/m.
B and A
Q27. HEDBIHIUT GIAT (/) (Intensity of Magnetisation )&l

Q25.  YDHIT TeTa B TRUITE B3 [FHDT S.|. AT TaTU | gz Y1 .

IR EDHIT FeidT(Magnetic flux) - fHHl Tde ¥ @raaq 3T T8 PIFC (degree) 37T HHT 5761 I UdH RERES
ToRA aATel ey &9 Y13l Bl IAT B D ¥ Ty ST GrebTaBRUT AU 1T HhelT & 38 JrachIehroT
g F TU N gRMIvT & S B e &l ddT () (Intensity of Magnetisation ) &< &l 3T®T (1)
JAIhITAR © & gRT FFfud fosar sar 81 s.. ggafa o & gRT FwfUd fadT ST 81 5Td faset rachiy gary ot
DY U aRT el SIS J&R (Wh) T Tm? Bl el TrachIy &1 1 3@ 7T & od d8 YTy Jrached Pl

TEUT B I 8] 3 UBR Jracblpd Uald ol oo fgga
> > 1oy > > 9
®=B . A =BAcosB, 3181 6, B 3iR A S HABIVIE| 3TEof 81 ST &l

Q26. Pefine. magnetic flux dgnsity or magnetic m%% ) %qgaﬁﬁqﬂ,%%a wqﬁg
induction (B). State its Sl unit. W’qﬁ-{%amquﬁﬁw W%’ a9

Ans:  Magnetic Flux Density (B) or Strength of Magnetic
Field:The numberoffieldlines passing perpendicular I= " net
to the unit area of a substance is defined as the Vv
magnetlc quxqenS|ty anditis reprgsented by B. If ® et =S DI i VA 2]
is the flux passing through a material of area A, then net  Tm
the? flux density will be B =.<D/A. In the Sl system, the g, x2I 4,, argessE
unit of magnetic flux density is the Tesla, or Wb/m?2. So, I= =

AX 2] A SFABR g & i)

Q26. DY T B-ed 1 eebIg YI0T (B) BT TRRUTHEd .

&R | DT S.I. AT 10 | 81 gy = §]d T E[d A

3R Ui U-dd (B) (Magnetic Flux Density or 5 /= TP Bl TERIT =TS
Strength of Magnetic Field ) : fosalt UgTd & SbTs THA K K ®
P TRIAd TR dTedl & @I bl J-AT DI 3R A= 3TIIRY I BT &THA
T gcd o ¥4 o gRYIYT fosar srar & au1 348 B 3
CRT el fasar STt 81 afe A her gor fopelt geret T%‘dg U1 AT U AeT IR &1 5D S1. AEAD
A TR 16T AR & 81 Al TRdeRT 8-7ed B = d/A BITTT A/mel
| S.. ggefd H, grichid Teic Tcd I eblg Tesla T
Whb/m?2 &l Q28. Define Magnetising Force or Magnetic Intensity

(H) of magnetic field.

Q27. Define Intensity of Magnetisation. Ans: The extent to which the magnetising field can
Ans:  The degree or extent to which a substance placed magnetise a substance is called the Magnetising
in a magnetic field can be magnetised is called Force or Magnetic Intensity. It is denoted by H.
Intensity gf Magngt|s§t|on. Itis Qenoted by I When The Magnetising Force or Magnetic Intensity (H) is

a magnetic material is placed in a magnetic field, . L
- . . equal to the ratio of the magnetising field B, to the
then that material acquires magnetism. Thus the s
. . . permeability of free space y .
magnetised substance acquires some dipole - _
moment . That is, B,
H=——
The magnetic dipole moment of a substance per Ho
unit volume is called the intensity of magnetization or. Bo=pott
(1. If mye is the total amount of the dipole moment
and V is the volume of the substance, then Q28. EBIT &F H dlgdl 3HYdT FEHA dlgar (H)
(ar;;gnetising Force or Magnetic Intensity) &1 gfufya
|
3R URATOT g1 HET 6T db b aF fhdl gard @t
HafT-12 (N — A IR, I, FTRES




grafdpd R BT o, JEfdbd D ale &F oI diadT
3YdT FHEDhA GIEGH (H)XMagnetising Force or Magnetic

o, T E

Intensity) aﬁﬁm;f;l 9 H ﬁﬁ%ﬁﬁ %q% ST &1 Q31 Define magnetic susceptibility.
@rmi @;W?H?rz B )Hﬁﬁﬁﬁﬁ?ﬂ@% Ans: It is the property of a material which shows how
W$Wﬁ?ﬁ?’| ° easily the material can be magnetised when placed
in a magnetic field. It is denoted by x,
379fd, B,
B = Magnetic susceptibility is equal to the ratio of
5 OH magnetising intensity (I) and magnetising field (H).
aor, 2g=Hg
That
Q29. Define Magnetic Permeability (p). State its Sl unit. magnetic susceptibility(xm):é
Ans:  The extent to which the magnetic lines of force ' _
can enter into a material is called the magnetic Xmhas no unit. It's just a number.
permeability (p) of the material. That is, the power .
of conduction of magnetic lines of force through a Q31 B qu";“' mqq??qﬁ i Iaqil a’:'@é .
material is known as the magnetic permeability. Itis 0% % foat aard &1 o7 RN
denoted by . Jnenep y 9eTd & AT A FriehT T GRTTAT &l 5 x,, A TR
foaT STTaT 8l
The magnetic permeability of a material is equal to 5 = 5 fd
the ratio of the magnitude of the magnetic induction W(H)$W$WW%I Vrae g
(B) to the intensity of the magnetising field (H).
Y
i.e, p=B/H or B=pH s
The Sl unit of magnetic permeability is Tm/A. magnetic susceptibilitytm="7
X HTAHEI 8| T8 HTH Uh AT 8l
Q29. ?{E@N URITHECAT ( Magnetic Permeability ) (p) &
QRUTRT 6% ISHT .1 A1HS 10 | Q32. Establish relation between Magnetic Permeability and
3R d% gf?;rg g7 HHT 31?“ awﬁ hId g1 WGy fohet Magnetic Susceptibility.
qcT RT R STTdl & uaT B URTIA (W) Ans:  The total magnetic flux density (B) in a material is the
%SEE ¢ I%iuhﬁ fez IQZTifaSQT?T g aﬁiilﬁl me sum of the magnetic flux density in vacuum (B,) and
%Isﬁ” R ER SﬂT-lT%I the magnetic flux density due to the magnetization
H of the material (B,).
fopeY uerd &1 URITAT JrHIg IR0T (B) &b )
gfREToT Yt P o] &F DY dladl H) & e
3UTd & ST 8lcll 8l
yqﬁ[,p:B/HqT B= pH B=B[]+Bm ............... (i)
Frah g YTRITHT 1 S.1. hTs Tm/A &l B=y H+p l=p (H+1)
30. Define relative magnetic permeability ( #-). Since Bozﬂ rrH and Bm =u ”[
Ans: The ratio of flux density in a material to flux density '
in vacuum (By) is known as relative magnetic B 1 .
permeability. or, F=ﬂ"(l ty ] -------- (ii)
e _ B uH _ p
Hm,.= BO _ﬂOH _ﬂo (.lr.ﬂ=‘u“(l+,ym) ............ (i)
) B 1
So, H=p Since =3 and y =-— T
#r are dimensionless. T
or, p = ( |+,‘(m)
Q30. 3TU&T T TRITEET ( £, ) B TRITIRE & | ’
Iz Tt uerd ¥ Ueia gcd T Fafq § teie g9 (B,) or, u =( 14 7 ) (iv)
BT HUTA TS JrIeHTd TR & ¥ 3 31 STt 81 T m/o T
3-T?Th . H
o B uH Y7 Since p =—
—_ — i —— ¥ 1
" BO ﬂoH Ho Ho
So, pu=p p,
HeafT-12 (1T — FMEIRA, A, TRES




Q32. w TIRTT IE"‘ adr w E!”IE_E“ ar qqﬁ a; In a non-uniform In a non-uniform In a non-uniform
Heq AW (Relation between Magnetic Permeability magnetic field, magnetic field, they | magnetic field,
and Magnetic Susceptibility) :Rn'ﬁﬂ a—ﬁ | they move from move from weaker the diamagnetic
. . weaker to stronger | to stronger parts of substances are
3R ﬁ’_\:ﬁ N[ Q‘f 'ﬁ[ %55 ﬂ"@?ﬁq Uil gdcd (B) E qd E\ 'ﬁ[ magnetic fields the magnetic field attracted towards the
Ui Yqcd (B,) dUT qanf a? ?\[@Eﬁ' (B, 3‘3 rapidly. slowly. weaker fields, ie.they
HROT T gcd T a1 &l move from stronger
w-q to weaker magnetic
3{?‘]—&_[ field.
In these In these In these substances,
substances, substances, the the magnetic lines
_ . magnetic lines of | magnetic lines of of force are farther
B=B 0 + Bm """""""" ( ! ) force are much force are closer than in air.
closer thanin air. | thanin air.
or, B =H r_aH + ‘”u! =H o ( H+1 ) These substances | These substances The resultant
also have a have a small magnetic moment
Since B =p H and B =pu I permanent permanent of these substances
0 o m o magnetic magnetic moment. | is zero.
moment.
"‘“~—=!-“,('+§) -------- (i) Q33. a’rﬁmﬁumﬁ,aﬁ?{aﬁumﬁamuﬁq@ﬁq
eTyd Y Je-1 HfE0I
_ e 3R
m.ﬂ—,u,(l+,ym) ............ (i)
: ! .
Since p=— and = 7l wlegEduerd | sgEdaued | uftigady uerd
siegaeg uerd | sy e | ufagedra gard
D GRT Yo g@% ERIGEo ¥ R Ui
or, —= [ l+y T A 3RS S BT 8l H
T ou " B &l
(2]
EAT AN | e AT | qeh A A v
. - ST R gerd & | ST R F gary ST R Y uery
or, Ff,=( l"‘X,,,) ceeennen (EV) B fRMT UG | YA &= B faM | aehig & ol fermm
TOA JEfha 8l | H 37 < & 309
. It ST & T &R ol & TG R
Since  p =— a
Y — —h
Ha [—~] = —
gt weg@da | afe sgad™ gfe
Q33. Compare ferromagnetic material, paramagnetic gjﬁﬁ Ua;ﬁg% E?T’f 2 93;%3 ggrﬁ U?E%
material and diamagnetic material. FATEIT Y | AT T T FATTITTTD
Ans: DTS 8,1 [ FermrsTar g, ar | siedsran sirdn & d
Ferromagnetic Paramagnetic Diamagnetic &9 P THMIR &9 & FHHIAR 81 &9 P ofddd &l
substances substances substances FT?IFﬁ &l STt &l SATeft &1
N| SE=—=" S -
1 These substances | These substances These substances — s — N se==r s =1 —
are strongly are feebly attracted | are repelled by a - B Ads ékAﬁs -
attracted by a by a magnet. magnet.
magnet 3T Yah T JahIg 3TAHT qechiy &
2 These substances | These substances, These substances, gg&mﬁu S;Tg . a g’)ﬂ?ﬂ'\g&q’aﬁ ﬁmﬁ
when placed in when placed in when placed in W Y > J 3R 3T B &
magnetic fields a magnetic field, a magnetic field, W R B 30R% Eﬁi’i RO J ’
are strongly acquire feeble acquire feeble &ﬁﬁi IRt | elysma # i R E a
magnetised in magnetism in the magnetism ST 2 & AR T B
the direction of direction of the opposite to the i
the field. magnetic field. direction of the s ueTyf i, gqqmﬁﬁqatﬁ"q 59 geryf f[qaa?m
magnetic field. TARATY | a1 WATy gaT bt T RITY &A1 I
_— — . . "
&aT i o I 31ferd AT H R BT B
[—~] [—~] il EREICEARETS BT Bl
A ¢
3 Ifarod of If arod of If a rod of diamagnetic & Uyt o1 Tl Ewiﬁﬁw I uerdf &
Ferromagnetic Paramagnetic material is suspended W gt ot | @ 3o
material is material is suspended | freely between two gl gre 8l HATEOT 3 &l &
suspended freely freely between two magnetic poles,
between two magnetic poles, its axis | its axis becomes
magnetic poles, becomes parallel to perpendicular to the
its axis becomes the magnetic field. magnetic field.
parallel to the N —s
magnetic field. — B Axs ~ m s
[ ‘
B Axis
HeafT-12 (1T — FMEIRA, A, TRES




Q34. Compare ferromagnetic material, paramagnetic
material and diamagnetic material on the basis of
susceptibility and permeability .

Ans:

Ferromagnetic
substances

Paramagnetic
substances

Diamagnetic
substances

1 | Their permeability
is much greater
than one (p> 1).

Their permeability is
slightly greater than
one (p>1).

Their permeability is
less than one (p< 1).

2 | Their
susceptibilityis
xm large and
positive. They also
follow Curie’s law.

Their susceptibility
is small and positive.
Their susceptibility
is inversely
proportional

to absolute
temperature.

Their susceptibility
is small and
negative. Their
susceptibility is
independent of
temperature.

Q36. Compare Electromagnet and Permanent Magnet.

Q34. HaeARNeAT 3R IRTTAT & IR W) AegEayd
yery, ey gerd aur ufaqeda gard &t

o1 HIfUI

3R

wlegrady gerd TG gard afdqadra qard

1 | 3T URTET UB 3T YR Ueh 3BT YRITEAT U
A 984 37T Bt AN B e 81 | dHE Blpa
Bl (> 1) (W1

2 | 3 DB 3T JrEIh I JUTRAT | 3ehT Frachia JuTfear
qfear T 99 B 3R gt 81 3R THRTAS
IR eATAG B B | Bt Bl AR g | et B 3B grahia
JFR e Faa et | gfear quiaom= & | guifear aaa= 3
T H 8l FPHTTUT BTl 2 EERERIGIN!

35. What is Curie Law in Magnetism ?

Ans:
Electromagnet Permanent Magnet
These are temporarily They are permanently
magnetised magnetised
They are usually made of soft These are usually made of hard
materials. materials.
The strength of the magnetic The strength of the magnetic
field lines can be varied according | field line cannot be varied.
to our need.
The poles of an electromagnet The poles of a Permanent
can be altered. magnet cannot be changed.
Example of a temporary magnet Example of a permanent magnet
is solenoid wounded across a nail | is a Bar Magnet.
and connected to a battery.

36. faga e 31 wmdl qas % o S5l

3R
fregd qee @aiag e T e
Y IRYT T F Gafehd 81l & g WTH ¥Y F JEHd eI &
YMARRRATIAIFAAIE | ¥ 3TIR R FoR AT F a7 8 B
ECCARERCCIE A C LI : &5 31 o RTferd FRIR Bl
FHRY 371G AT P ATAR T&T 57 srufd gas ufvad 78t fosar s
Hepa 8l Hpar 8l
ﬁqaglaﬂsasqa’faﬁmm AT refe S ¢Jal Bl TSl Tel 511
bl &l Hhl
U 3TN qeh T 3ATEIVT Ueh ehiel | AT Yaeh 1 3&TERVT R Yaeb 8l
TR FEIT §3T EEnRecakril
EEE

Q37. Draw magnetic field lines when a (i) diamagnetic,
(i) paramagnetic substances are placed in an ex-
ternal magnetic field.

. - . Ans: () When a diamagnetic material is placed in an
Ans: The magnetic susceptibility of a paramagnetic external magnetic field
substance is inversely proportional to its absolute '
N S
Ysn. OC ? = %, I =constant Diamagnetic
. - . (i) When a paramagnetic material is placed in an
where,x,,=magnetic susceptibility of a paramagnetic e“xtemal magn(reticfizld I ralisp !
substance
= 2
and T = absolute temperature. N e
At Curie temperature, ferromagnetic substances Paramagnetic
change into paramagnetic substances. .
d P ? Q37. 314 (i) qﬁg@a’ﬂ‘u (ii) 3TTIEI Ty fodl aredt
_ _ YaHIg & § 1@ ST & aY Jab1d & 3@y Eiaul
035, Yaded A a1 T fram FaTd ? IR () 519 U HEHT UeTd B aTedt qahT &7 § v
3R IIDIY Yard ol Jriehid JUTRdT $HPb gl dTaHT ST 8l
Lm < T = %, I =constant @E
- . . Diamagnetic
781, x,, = AYah g Yard ol Jachig FUTEdT 8 |
, (i) 3T Yeh HITDIY UeTd P a6 Yaebiy & H 3@T
R T-guiamaE # | STt 8
TR AU R AlegEdg uerd FgEdg gardf =L B
" N
i 8 s & = =5
Paramagnetic
HeiT-12 (FHfahHn — FMEIRA, A, TRES




ELECTROMAGNETIC INDUCTION
CHAPTER -6 de[d D YROT
a'\‘{[ﬁl'ﬂ a8 | Q5: The eddy currents are used:
(@) To make a galvanometer dead beat
Q1: The electromagnetic induction was discovered (b)  In speedometer
by: ()  Electric brake
(a) Amp(?re (b) Faraday ) Allthe above.
(@ Fleming (d) Oersted. Ans: (d)
Ans: (b) ]
Qs @R gRT3T &1 39ANT fHar 1T &
o faEa gradIa 9RoT HY WSt forerds grr 6 TS A (@ feaAeR & 33 dfie 91 &
R (b (d SR Fl
Q2: In the electromagnetic induction, the induced @
emf.is |ndep.endent of: . Qé6: The direction of induced current is determined
(@ Change in flux (b) Time by:
() Number of turns (d) Resistance of coil. (@ Lenzs law
Ans:  (d) (b)  Fleming’s right hand rule
oz f S oo 2 S T (emf) e () LenZ's law and Fleming’s right hand rule
Aars: (d)  Fleming’s left hand rule.
@ Tad B ufada by IHT Ans: (o)
(c)  gHTAY &b ITAT (d) Piged BT UfaRrel
T W) Qe:  Ofia emn i & Feffia et &
@ ot FEA|
Q3. LenZ’s law is in accordance with: (b)  RATER %aﬁﬂ3$ﬁﬂiﬂf@fl .
(@ Law of conservation of charge @ mﬁﬁmaﬁqmm' ST ET S A |
(b)  Law of conservation of energy (@ TRATHT B a1 ETy b FE A
(c) Law of conservation of mass ESEEC)
(@ Law of conservation of momentum. Q7: If a plane circular coil has N turns then its self-
Ans:  (b) inductance be proportional to the:
. (@ N2 (b N
Q3 s &1 fram Fafefa & srar o & N 9N
(a)  3TTART IRE0T T Fgm © @
(b) 3371 IR&TUT T f4aH Ans:  (a)
(C) GOTHT ¥RETOT T Q7 dfE U% A9a@ qUIHR $edt ¥ N B § df sHDT
(@ AT RET BT | TR fopwrds FHT-{ATe €17 ?
3R (b) (@ N2 (b N
) ) ) © VN d N
Q4: Unit of self inductance is: TR @
(@ ampere (b) faraday
(©  henry (d) weber. Q8: The two identical coils made of copper and
Ans: (0) aluminum are rotated with uniform speed in a
uniform magnetic field then the value of induced
Q4: TIURUTHISHIE & current in aluminum coil will be:
(@ UHR b RIS (@ Less than that in copper coil
© &R (d) dsRI (b)  More than that in copper coil
3R (0) (c)  Equalto that in copper coil
HafT-12 (N — FMEIRA, A, TRES




(d)  No certain relation with copper coil.

(b)  magnetic potential

Ans:  (a) (©)  magnetic flux
o . (d) magnetic moment
Qs: Waﬁ?uﬂfﬁﬁyﬂﬁaﬁa‘rmﬁqwgﬁmaﬁw g
L) i ys EE Tfa A gETA AT g @t Anss @
&Y et 7 AR a1 &1 A
@  qid B e A B Q122 Wb/m* A& B |
b) Wﬁﬁ?ﬁﬁm (a) ?\I@ﬁﬁq?ﬂ_ﬁ'ﬁ (b) ﬂ\@@IQﬁﬂHﬁ
(© i &Y HSeiT &b SRTaR © IEHAFAR DT (d)  GrIDHIY YO bl
(d e B Heet b /Y HIs AfRga Feg agiermm| 3T (@)
Jue @ Q13: A coil of area 5 cm? and 100 turns is placed in a

Q9: Keeping the total length of a coil unchanged, ;J'n::‘jormkmagnetlclflelfde,of 0; -:; The ma:gne:c
the number of turns in it are doubled. Its self Ile maf e: an a'rg"r;o 0 w't, tﬂenorl;ma t: the
inductance will be: P ajlne.ﬁ bt e coil. The magnetic flux through the
(@ Fourtime (b) Doubled conwiilbe

(@) 5x10°Wb (b) 5x10* Wb
(c) Halved (d) None of the above.
() 5x103Wb (d) none of the above.

Ans: (a)

Ans- (0

Qe: o Pawil Y warg o gfiada 7 & . .

’ mﬂﬁaﬁaﬁ@aﬁmﬁﬁmmélsﬂg Q13 100 O TUT 5 cm® &FPeT B fpedl Pseit B 02
ZEOTOT BT T §9&q a7 ¥ 341 AT 81 el S ad W
g & e 3fieTe & w19 &7 60° BT PIUT gATCT B

T NP PUSH! H A TEDHIY FeTad ST
(©  3Mmem (@ SR A DIE TN (@  5x10°Wb (b 5x10“ Wb
3R (@) (© 5x103Wb (d 3RIFT T A BIs T8

Q10: The mutual inductance between the two coil be 0% (©

equal to the emf induced in secondary coll if the . N

. oL Q14: The resistance of a closed circuit is 10 ohms. In
current through primary coil is : L X
@  Kebpt tant at this circuit flux changes according to the equa-
d ept constant at one ampere tion ®@ = 6t - 5t + 1 (t in second). so the current
(b)  Reduced from 1 ampere to zero induced in the circuit at t=0.25 s will be
(c)  Varied with the rate of one ampere per second (@ 03A (b) 02A
(d) None of the above. (0 04A (d) 2.0

Ans:  (c) Ans- (b)

Qi0: 3 Pised & T RS WOT KIS SEAFAWRA  14: el 7= Ry &1 ufeRIg 10 309 #| s| aRgg A ¢
fae[d areds g (emf) & RTeR M AfE yrAfHS Hisw Y (AHUs W) § THHIY T Qa7 H) 39 HHIBIOT
& H1erH A faere e & IR URafda iar g o =et>- st + 1A t=025 s W
(@ Uh TR IR RR @Y gfyay § ofva aRT i |
(b)  Th THIER A [ b hH fhar 3Ty | @ 03A (b 02A
() T UHTER Ufd Achs bl & W d&el 37 | © o04A (d 20A
(d) SWIT T A BIs A8 ITR- ()

34z (0
Q15: The dimensional formula of magnetic flux is
Qi1: The Sl unit of magnetic flux is: (@) [ML2T2A] (b) [ML2T?A7]
(@ weber (c) oersted (€ [ML2T2A7] d [ML2T2A7]
(b) gauss (d) tesla. Ans- (b)
Ans: (a)
. Q15 TEDHIY Foiad ol fadfiag g &
Qi DY JATe B SI §HTS &: (a) MLZTA] (b) IML2TA]
@ R © 3Ms (© ML7TA] (d) ML*T2A7]
by A (d) FATl IR b
3R (a)
Qi6: The current in a coil changes from 0.2A to 0.4A in

Q12: Wb/m?is the unit. 0.1s. If the average induced emf in the coil is 1 volt
(@  magnetic field

HeiT-12 (FHfahHn — SAAE IR, e, RIS




then the self inductance will be.

(@ o.aH (b) 0.4H
() o.5H (d 1H

Ans- (d)

Qie:  fopel it W 0.1s A 0.2A A 0.4 A T arT Ufvafda
&l 81 Fooit & 3ftHa AR fag@ ars a1 e 2 oY
WURH BT
(@ o1H (b)  04H
(¢ o5H (d 1H

3d:- (@

Q17: Two identical bulbs are connected as shown in
the figure.

I B,
—wr——
&

1 K

(@)  After some time both bulbs B, and B, stop
emitting light.

(b)  Both the bulbs B, and B, stop glowing
immediately.

(©) Bulb B,immediately and bulb B, stop glowing
after some time.

(d)  Bulb B, immediately and bulb B, stop glowing
after some time.

Ans- (d)

Qi17: I HHEY Fou] Bl FAATTHR FATST AT 8

1 @B]

— &
' R a @Bz
K
i Inn oo
+I|lr'
(@) O THY UATd B, d B, GIHI dod UehT1RId BT
JCIRAAE|
(b) B, T B, QI §ad R YT BT & @ &dl &l
(© 9 B, IR~ IUT o B, PO HHY URHT TbTRIcl
BT g€ &R ad &l
(d) T B, R YT I B, P8 HAY U ThIRIT
BT §< R d &l

3TR- (d)

Q18: A current | is flowing upwards in a long straight
wire as shown in the figure. When a rectangular

PeT-12 (ftfadhn

loop of wire placed near it is pulled to the right,
the current induced in the loop will

(@ be zero
(b)  flow in anti-clockwise direction
(c)  flow in clockwise direction
(d) none of the above.
Ans- (0

Qi8: frd T MY TR A FUR B3R | aRT YR s &
st fos faa o 2rfar mar @1 39 fArdhe @ ar & fadt
aﬁﬁr%amnﬁqaﬁaaaﬁaﬂ?@mm%?ﬂqqﬁ

&RT

D \)
1 —

(@  FUEN
(b)  aTHTAd SR & yared smit
(0 cféomad feem & warfad st
d) SR H TP T8

3dR- (o)

Q19: The dimensional formula of induced emf is

@ [MLT2A1 (b) [ML?T?A"]
(©  [ML?T:A1 (d) [ML2T2A?]

Ans- (a)

Qio: Wfd faera aew 9 (emf) FTfarigHA @
(@  [MLT2AT (b)  [ML2TA"]
©  [ML2T?AT] () MLT2A7]

3R-a)

Q20: The dimensional formula of self-induction is

(@  [MLT?A7] (b) [ML?T2A"]
(@ [ML?T?A1] (d) [MLT?A7]
Ans-  (a)
Q20: FIRUT &I fafa g &
(@  [MLT?A7] (b)  [ML?T?A7]
(@ [ML?T*A7Y] (d  [MLT2A7]
3d- (a)
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Subjective Question (fawafas wsn Qs.
Ans:
Q1.  What is electromagnetic induction ?
Ans:  Whenever the magnetic flux linked with an electric
circuit changes, an emf is induced in the circuit. This
phenomenon is called electromagnetic induction.
Q. faea geHRUTFaTE?
3 579 ot fopat faeld ufkuy A 373 qaoha Treie § gRaci
BT &, A1 aRay 7 U fae[d atedh gt O &ar &l 53
ercAT B fdg[d Jrachrg YR0T &8l SATdT 8l
Q2. What is magnetic flux ? Is it scalar or vector?
Write its Sl unit.
Ans:  The total number of magnetic field lines crossing
through any surface normally, when it is placed in
a magnetic field is known as magnetic flux of that a
surface. 5
3R
ddé=B-ds= Bds cos 0
It is a scalar quantity. Its SI unit is tesla-meter? (or
weber)
Q2. U T &2 T O TR a1 |idRn & sHET
si arass fafEul
EREé ﬁﬂﬁ%ﬁwﬁwmﬁ@mwwmﬁ
oedd ¥UY &5 @131 BT pof FTAT
ﬁww&wﬁnw%wﬂmm%l
dd¢=B-ds= Bds cos 0
g8 Uob fET IR Bl FHDI S| IHIS tesla-metre (or
weben) B |
Qeé.
Q3. Name the physical quantity which is measured by
weber. Ans:
Ans:  Magnetic flux Qe.
Q3. A9 TRT AT 1A are 1t iRy &1 9 /@) 3
IR DI T | Q7
Q4. On what factors does the flux passing through a
coil depend? Ans:
Ans:  Since ®= BAcos8, hence the magnetic flux through
the coil depends on:
() magnetic induction
Q7.
(i) the area of the coil A and
(iii) the angle between B and A. EREE
Q4. fHd Feeil & | TEA aTdT Toad fhT FRDT )
i o g
3 bl ® = BAcosO 37k HUSeil H T JrhIg Fedad 7
HRBI R 3R el & Qs.
Ans:
(i) rIchTY UROT
(i) ST T &P A TUT
(iii) B YT A S HEH ST HI0T |
PeT-12 (ftfadhn —

State Faraday’s laws of electromagnetic induction.

(i) Whenever the magnetic flux linked with a circuit
changes, an induced emf is produced in itThe
induced emf lasts, so long as the change in magnetic
flux continues.

(i) The magnitude of induced emf is directly
proportional to the rate of change in magnetic flux,

ie.
e Y o T
T dt dt

where, constant of proportionality is one and
negative sign indicates that the induced emf in the
circuit due to the changing flux always opposes the
change in magnetic flux.

T3 & faega qadbr IRuT & Frami &1 37| HifFvl
() 579 ot fopeit Afdhe A 33 YabIg Fefa H Tiacd
BId1 &, a1 398 U IR f9e[d a1eeh 9 (emf) 3¢9 i
&l Ufkd fagld a6 9@ a9 do &1 8, 519 ddb b

Feferd o afaci ST 38T 8l
(ii) IR fIE[ct aT8eh e (emf) ST URUTTH JrEehIY T
% gfac &l &3 & FHTIUTCT 81T 3,
€ oC dd) = e =— d¢

31yid Sat o at

e, @1 RIS IS & ﬁ?wﬁ’a
ST T & fob daoid JIehIg T & HIRUT Hidve
fr@rﬁﬁ Wﬁ(emf) BHRIT [dhIT T |

& T 8l

What is the unit of induced electromotive force?
Volt.

ufid faega ares a@ dT ARG FATE ?
aree |

State Lenz’s law. Lenz's law is based on the
conservation of which physical quantity?

The direction of induced emf or induced current is
always in such a way that it opposes the cause due
to which it is produced. LenZ's law is in accordance
with the conservation of energy.

o1 &1 fam fAfEU| o=t &1 e fea vifds afiRr
IREIUT QR 3TTenfva & 2

v fagrd arees oo (emf) TT AR &RT BT G &AM
3T e A &I & foh g8 39 HRUT o1 faey el & 5adp
SHIRUT U8 30 811 &l ™1 ol a9 FHail TRaror Rfgeria

& IR B

Define Fleming's right hand rule.

Fleming’s Right Hand Rule: If we stretch the thumb,
the forefinger and the central finger of right hand
in such a way that all three are perpendicular to
each other, then if thumb represent the direction
of motion, the forefinger represent the direction of
magnetic field, then central finger will represent the

FHNE3IRA, I, RS




direction of induced current.

10,
20

IR Hed 11, URd aRTagt B 3ot fe&rm § varfgd et
3R fea a1 2 § Ufd arT 'St BT R ( clockwise
direction) & yaTfad 81l

Qo.  TRATHT & ard #14 & Fram oy afvtfira Hifrol Qi12. Predict the direction of the induced current in

3 GRATHT ST aTfeT 819 aw: afe &x aIfer 819 & 3]s, the rectangular loop abcd as it is moved into the
ST 37R TmegHT 3ot &1 29 UBR T & fob 1 U region of a uniform magnetic field B directed
IR P oTaad &, a1 e 3tet fa b1 fexm o ufafifera normal to the plane of the loop.

HAT B3R AT gabra aF B ferm @1 ufaffaa
T 81 T HEIHT 3TTed 1 AR R et f&=1 bt ufdffera a x X X X x
B x WO x x x x X

X x x » x x X x

X x x x x x X X

x x x x X X X x

Ans: The direction of the induced current in the given
rectangular loop is anti-clockwise, i.e, cbadc.

Q10. Predict the directions of induced currents in g, BTN?I'IT:FRF[CIabcd ¥ ofvd a1 1 e qaT0 519 TE
metal rings 1 and 2 lying in the same plane where [T Jah1T & B 511 &Y tidad $9 A T & 1
current | in the wire is increasing steadily. @I 3-f|'\’% H g It 2l

' O
2 O I a X X X X X
x P x x x X X x

Ans: In metal ring 1, the induced current flows in the X X X % X X x x
clockwise direction and in metal ring 2, the induced X X X X X X %
current flows in the anticlockwise direction. X % x X X X X X

. ) . 3R QU U AR ofu § UfRd &RT Y feRmm gl Y 3wt
Qio. U & ad ¥ fud a1 & Bet 1 3R 2 F Ufva et ﬁ?nﬁqucbad?g
&1 & B 910 519 dR & IRT | AR 96 6 1
1 O Q13. What are Eddy Currents?
2 O [ Ans: If a piece of metal is placed in a varying magnetic
field or rotated with high speed in an uniform

Joe  teor o 15 ST eRTEET BT R ( clockwise direction) magnetic field, then induced currents set up in the

' ' . iece are like whirlpools of air, called eddy currents.
¥ yarfed et 3R Hea 1 2 §, R oRT ammad feem P P y
@R B 3o feem ¥ yarfeg e The magnitude of eddy currents is given by

I=—2 - d¢/ dt where, R is the resistance.

Q11. Predict the directions of induced current in metal R R
rings 1 and 2 when current | in the wire is steadily Eddy currents are also known as Foucault’s currents.
decreasing?

O Q13. ¥1aR &RTU (Eddy Currents) FT & ?
! IR MR a7 P UP ¢bs Pl U TR 2 RERELCH]
20 STTdT & 91 Ueh 0 &5 3= TTd A gHTAT STTdT
&, 1 gehs 1 &dT o a3l bl oRE Ul RT3 81l &,

Ans: In metal ring 1, the induced current flows in an {53 TaR Ty et STt 8l
anticlockwise direction and in metal ring 2, the R RT3 BT UFHTUT BT 3T UbR A <2117 SATaT Bl
induced current flows in the Clockwise direction. e dldt ]

Ee—em— 5T&l, R gfeR1e 8l

Qi TP ool 137k 2 4 afd arr B it H et 5

AU 319 AR & ORT | AR S48 7@ 8 R EIRTY 1 ThepTee ST & ¥ & oft ST 377l &1
HeafT-12 (1T — FMEIRA, A, TRES




Qi4.

Name applications where eddy currents are used.

The magnetic field inside this solenoid is uniform

Ans:  Applications of eddy currents: and given by B = ponl
1. Electromagnetic Damping Total number of turns in the solenoid N=n}
2.Magnetic brakes in trains Now the magnetic flux linked with each turn of the
3.Induction Furnace solenoid= B X A = ponIA
4.Electric Power Metres. So, Total magnetic flux linked with the whole solenoid,
Q14. 39 37U & A9 qAT3U 5761 YaX &RT BT 39U ®=magnetic flux linked with each turn x number of
o AT 21 turns in the solenoid
3 R AT D FF or, ®=ponIA X N =ponl AX Nl =pon I Al ... ()
) \ ! FI s Also, ®= LI (i)
5 it it Yo it O I — ii
3.QTUT‘H’§rff From (i) and (ii) ,we get
4.3ofdech TR HIcR | | LI=pon?T Al
L= 2AL
Q15. Define self-inductance of a coil. Write S.I. unit or, L=pon* Al (i
and its dimensional formula of coefficient of self- Sincen=N/1, So eqn (iii) becomes.
induction.
. . . =(HoN2 A/ |
Ans:  The phenomena of production of induced emf in
a circuit due to change in current flowing on its Thus, self inductance of an air cored solenoid (L)
own, is called self-induction. Due to this property it depends on (i) the total number of turns (N) of the
opposes the growth or decay of the current flowing solenoid and (ii) the length (1) of the solenoid and
through it. (i) the area of cross-section (A) of the solenoid.
The magnetic flux linked with a coil, ¢ = LI Q16. m 3.ﬂq N a‘?[ ST AT AY-BR
. . . da ot & fAd st urat
The induced emf in the coil, ¢ :_LE a‘ﬁﬁg | ' .
where, L = Coefficient of self-induction. 3R AT | = U Al IRATDT BT TalTs
The SI unit of self-induction is henry (H) and its A= 3T PTC BT AT
dimensional formula is [ML2 T2 A 2], n=Ufd SHhTE TaTS UR WY bl JAT & 31R
Q15.  H3eil & FIROT B TRUTTRG B¥IFANROT BT T[OTIS BT = afeATeTehT & yafed & areft omr 2|
S\ 71 T fada g7 fafaEul ,
P
IR [ ufuy ® 987 aTeil gRT § gRacdT & dRUT UiRd
fag[d aT8eh el &b U 81 bl UREcHT T9-UR0T hedTcl!
%lswg PRUT & 3791 & & dTeil EMRT b g fer am 1
& T &l
qugegaslqadiq:eae 1 $H TP fort = gfeTferest & fiaR U 9 qad & & 5y
¢ =L S TR 3 AT 51 AT |
et ¥ Ui fde[d a1eeh a1 I 30 YR A fed@r 511 B < ponl
d = Ho
HBAT 8l e =— T8, L = TUR0T &l T[UTIh|
Vi TR eADT ¥ gATaT Bl pof TRATN =n
IG-IRUTHI S| SHTS &9 (H) & 3R 3THT Taa 37 ML T2 A9 B o _
319 GRATTAERT & TAh U A [T YahI T = BXA
Qi6. Derive an expression for the self-inductance of a =Honl A
long air-cored solenoid of length and number of ﬁ,#@w#@wwm,
turns N. . N ] ]
Ans:  Consider a long solenoid of length ( , area of cross ggtrr q PRI XTI
section A and number of turns per unit length n. Let
| be the current flowing through the solenoid. ql, @=ponl AXN =ponl AX nl =pon? T Al (i)
| —————— AYE,O=LI e (i)
(i) 3T (i) 3, 9 UT & T,
. LI=pon?l Al
HeafT-12 (1T =5 FMEIRA, A, TRES




gL L=pn*A . (i) Ans:  Consider two solenoids S: and S: such that the
?:[% e N/ 1 solenoid S2 completely surrounds the solenoid Su.
3t FHIDBRT (iii) 37 UBR A fe@maT1 311 Hhell1 &
L= (uN2A)/ [
g8 YbR, a1 DR dTeil IRATTAT (L) BT IWURBE (i)
GfATIeIaRT 3 FHTET &t ot AT (N) 3R (i) TfATTeaRT
D TS (1) 3R (i) IRATTADT P 3R BIC (A) BT
ITHA R R &RATE | Let length of each solenoid be land the area of cross
section of each solenoid is A. N1 and Nz are the total
Q17. Define mutual induction. Write S.. unit and number of turns of solenoid S:and S: respectively.
dimensional formula of coefficient of mutual
induction. -~ Number of turns per unit length of solenoid S: is
Ans:  The phenomena of production of induced emf in iven b _
a circuit due to the change in magnetic flux in its 9 Y =T
neighboring circuit, is called mutual induction. Number of turns per unit length of solenoid S: is
If two coils are coupled with each other, then given by,
magnetic flux linked with a coil (secondary coil) o N,
27 g
) ) .¢= e ) ) ) Let current |1 flow through solenoid Si. Then
where, M is coefficient of mutual induction and | is magnetic field inside the solenoid St is given by,
current flowing through the primary coil. N
1
The induced emf in the secondary coil, Bi=mgudi = Fe 4
e=——nr 2L So, Magnetic flux linked with each turn of solenoid
o Szis given by,
where, a is the rate of change of current through N,
imary ohi BA=pu,—I A
primary coil. B gy <1
The unit of coefficient of mutual induction is henry Then total magnetic flux linked with Nz turns of the
(H) and its dimensional formula is [ML2 T2 A?]. solenoid Sz is
N, #oN NI A _
Q7. 3 WUT B IRV HEYI3F=T 9701 &1 =N BA) =wy PNy =——F—— s 0
[OTih T S.1. AIeh T4 farfa 7 fefavl Also, ¢, =M I, ... (ii)
IR foodft aRuy § 39 usl ufkuy & eIy weied o . . . .
: where, Mz is the mutual inductance of coil Sz with
> 1 o B B respect t:the coil Su 2
GfereT BT 3141 YR0T &8l SATdT 8l ‘
. . From (i) and (ii), we get
gfe 1 Pefoial U gk I g &5 A (31 81, T ’
fgcTaeh sl A [T YahIg UdTe Dl g7 UbR A feia Mo = KN (N A
ST ABATE, 121 = ] -
o=MI o M _/“‘oNlNzA
781, M= 37910 YRUT &1 T[UTIdh & 37K | UTafies GHseil & T2 l
HTeqH I g8 aTeil &R &l N N LA
feTaes dpset ¥ Uk e[ aTeed et Bl 59 UBR I Similarly, M, =————
o 311 AapdT B
ar , where M,, is the mutual inductance of coil S: with
=" a respect to the coil Sa.
i, 4 ST gt o e b uRadH B R ¢l Clearly, Mai= Mz = M
31170 YRUT & S| S8 &111 (H) & 31R srepT faefia 3 If the two solenoids are wound on a magnetic
[ML2 T2 A?] B : 0
substance of a relative permeability p, then the
Q18. Derive an expression for coefficient of mutual in- mutual inductance is given by
duction of two long coaxial solenoids
HafT-12 (N — A IR, I, FTRES




_ Hopt NN A
- l

M

gfe &1 gRATTIhT Ueb ATUE YIRITRIdT p, &b b1y Uard
TR AUC STTd & dY 37919 OR0T 57 UbR fear s & |

Y :/"of‘rN1N2A

Q8. & @l aRATTASI3HT & 3T 1T & fAU 51 I
e HIf50I
IR AMIDIS, 3R S, &1 uRArfaerd & 31k aRAIfdedrS.  Q19. How does the mutual inductance of a pair of coils
T2 % A aRATART S, Y BR §U B change when
s (i) distance between the coils is increased and
h n (ii) number of turns in the coils is increased
‘ ‘ . . ‘ ‘ ‘ S1 Ans: (i) Mutual inductance decreases because flux linked
with the secondary coil decreases.
ot N NA
w ! . iy M = 1 so when N, and N, increase,
o o e . mutual inductance (M) increases.
7 S0 6 vds ufArfaer & «ars [ € 371k uds
e 13ﬂ;ﬂ—dﬁ o A BN, 3TN, Q9. 59 () Psferal & da Ht g gr$ At & 3 (i)
pHLT: URATfeIeRT S, 37R S, & gHTAT T pet AT 8l . o e . :
T Psferal & guTal B G gg1E AT 8, @) Hferal &
~'~Uﬁ;ﬁﬁsla§9ﬁﬁ@‘mﬂ B3t T AT 5 U 5113 T 3701g YR0T b aeeTar & |
UHR Sl 37T Achd I
AR () 3 IRV "edT ¥, dife fgdiuse deell & 37
M RAeRT FredT &
e w =Mty 3 N, T
. . . . (i) - ) Sid N, N, d¢ )
GRATIRT S, T Ufd SbTs oiaTs § URT ol HBAT 37 391G OROT (M) gl &l
bR &1 3T Abel! & |
N, Q20. On what factors mutual inductance of a pair of
n,=7y coils depends.
Ans: The value of mutual inductance of two coils depends
HHET ST GRATIADHT S, & HIEAH &RT |, UTied €1 W&, dd upon: P
GRATTADT S, P 3R YahId &F 3H UBR < 51T Hbel! ¢ |
N (i) geometry of two coils i.e. size, shape and number
B =ppn Il = ”0T111 of turns (N, and N,) of the coils.
. ) (i) nature of the material on which the two coils are
ATy, URATTABT S, & AP gATal T 33T abid wound
UdTe 9 UbR &l 511 Hbell & | '
N, (i) the distance between the two coils.
= ”0711 4 (iv) the relative placement of two coils.
o aRATfeenT S, & N, gATAT A {31 T YEDBT UATE  q50. | % U S BT 3T ST 6 BRST W
S YBR <1 ST Hbll B W eardl
d Pty ¥ LA : i [ P 3010 Uehed T HIH R
$,=N,(BA) =,¢07111AxN2=% ....... () ERE %ﬁtﬂfﬁ o ot @ feR
A, P Mygly e (% M ar fﬁqﬁﬁ ?ﬁ@};ﬂﬁﬂ?{ 3{2;%?; pafeial &I DR,
. o . 3 d YHTd AT (N, N;
5781, M,, Plgcd S, BT DSl S, b ATY&S 37417 U7 & | S8 S <a’r ! . NP
(i) 3F Y<T U d Ul PpUs o1 foae
THIBROT () 3R (i) J, T ATA E BT, o e
HgN N T A (i @ﬁfﬁ 1l
My, =——F—— (iv) Q1 Psferat o1 mafare Wl
So. M. = #oN N oA Q21. Show that energy stored in an inductor L when a
12 l current | is established through it is given by
uoN N _1
Similarly, M ,, =%ZA U= ELIZ
. RN N Ans: Let | be the current through the inductor L .At any
ST61 M, ST S, BT DSl S, & HIUET 3741 IROT & | instant the current rises at the rate dI /dt, so the
'\:qg'\sq'\q’ M= M, =M induced emf
¢ dt
HeafT-12 (1T — FMEIRA, A, TRES




Work done against the induced emf in smalltime dt ~ Q23. L, @4T L, TTebed I @ [ BT F9T=<R 9 H
is S11ST 7T #1 59 AN &1 od FaURB a1 SN ?
dI 3R 1 1 1
dW = lelldt = L1 —dt = LIdl — =+ —
dt L, L, L,
Total work done in building up the current from 0 to L xL
lis so, L = ! 2
“ L,+L,
1 1 1
w= [aw = [Lidl = L|1d1 = L[%:L = %uz Q24. A conducting rod moves with a certain velocity
o o in a uniform magnetic field. Derive an expression
for the induced electromotive force between the
This work done is stored as the magnetic field ends of the rod.
energy U in the inductor Ans: Consider a conductor PQ of length I moving freely
U= %Lﬁ in a uniform magnetic field B with uniform velocity
. . v on a rectangular conductor ABCD .
Q21 iy B H U s3ae L 5 faegd o 1 yame & . .
E A 38N JufEd FHarf &1 AW bR A Safar s \ X
AHATE | v
U= %LIQ \ X
3 AFTHI URT LA gRT | yarfed 81 38 & | forad) oft
80T t OR ERT dI /dt T T A Teat 8al AT emf. BT T X X
UHR A foin T JepdT 8 | D
dl - q -
=—— 7= , X X X X X
e L dt X Q
Ioq JHY dt § ART emf P favger § fovur a1 Hrd 34
TR H a1 T HHaTE | Let any arbitrary positive charge q in the conductor
dW = lelldt = LI %d! — LIdI also move in the field with the same velocity.
. Magnitude of Lorentz force on this charge, F., = qvB
0 X | deb RT & FATOT § fasa maT et 1 53 UBR A J J a
o 51T HeheT € | Direction of this force on the charge as per Fleming’s
. L X left hand Rule comes out to be along PQ towards Q.
_ e . |
e Idw - 1[”’" - L:'; = L[?L =gty Work done in moving the charge from P to Q is
given by,
I8 BT Hil H YahIg 31t U b 0 X IR S ST 8 | W =F.. X PQ = (quB)
1
U= §LI2 Electromotive force (emf) is defined as the work
done per unit charge so, emf across conductor PQ is
Q22. Two coils of self inductance L, and L, are given by,
connected in series. What will be the equivalent - -
self-inductance of this combination? B e e Y ey
q q
Ans:  Leg=Li+L
i.e, e =vBIl
Q22. L, 99T L, TG oI & pusfaral &t Aoitesd 7 st .
T 81 590 HAIST BT qod TVRebed 9T €11 ? Q24. IS I B3 FAfvTd a0 @ woFy grahg &9 9 i
TR L= L+ L Hct 81 B3 & ARl & wen afta faerd ares a@ & fau
- Leq 1 2 o
5T ead HfgI
Q23. Two coils of self inductance L, and L, are 3 HWHAI®DI | (d18 & UP JdTADB PQ FT U THH a1
connected in parallel. What will be the equivalent a8 E T U6 UM a7 v & 19 U AdTHR HATID
self-inductance of this combination? ABCD R 3¢ 9 & gH T 8l
Ans: -
A
L1
L L L
eq 1 2 \
L. XL
so, Leq— ! 2
L+L, X
X
PeT-12 (ftfadhn —




1 130 fb FATeTh | BIg gD 1AM q Tt 33
AT A FrIHI &F 1 T1f R 8T Bl

T 3TARM UR GRS Iof bl TRHTUT H YbR  fear 511
AT |
Fm=qvB

W%maﬂ$m$§$ﬂmﬂmwmﬁ
TR PQ & 3721 Q Y 3R

AT BT P A Q ddb & A H fomar ma1 o1 59 UhR
g sran @

W =F, X PQ=(qvB)

arEdh g (emf) BT Ufd SHTS aﬁ%m? feu U
& ¥9 ¥ ufeaf¥a fosar sirar & safau o3 arde
PQ & fART & Hem Ui fagd a6 a1 (em P 57

UpR A T sTaear € |
N i N
q q
i.e, e =vBIl
HefT-12 (N FHNE3IRA, I, RS




CHAPTER -7 gaTadt &R

ALTERNATING CURRENT

T8 A |

Q 1: What is the frequency of the AC Mains in India?

a. 60Hz b. 50Hz

C.  40Hz d 30Hz
Q 1: YRA ¥ 1Y B yamad] a1 H R T e 8 2

a. 60Hz b. 50Hz

C. 40 Hz d 30Hz
Ans:-b.
Q 2: An alternating current can be produced by

a.  Choke Coil b. Dynamo

c¢.  Electric Motor d. Transformer
Q 2 : YATFT &RT 3 Y 51T Tpall 8

a. dlbdlsdd b. SEAHl

c faganeR d.  CiEBIER
Ans:-b.

Q 3:The device which converts mechanical energy into
electrical energy is:
a  Transformer b. Dynamo

o Motor d  Choke coil.
Q 3: 38 g 311 gifass ol @) faega Harf o afafda s d:

a cigmIER b 3EAAT
c O d AP Bdisdl
Ans:- b.

Q 4: Which of the following circuits exhibits maximum
power dissipation?
a.  Pure Inductive Circuit
b Pure Capacitive Circuit
¢.  Pure Resistive Circuit
d None of the above

Q 4 : FafafEa ¥ ¥ o9 =1 afée 31faean afed 3uea

yefifa wxar &

a. QY WP yluy

b.  &d TR gRuy

¢ gy Ul gy

d  STHADS i e
Ans:-c.

Q 5: What happens to the inductive reactance when the
frequency of the AC supply is increased?
a. Increases b. Decreases

¢.  Remainsthesame d. Decreasesinversely

HefT-12 (N

Q 5 : YATdd] gRT (A O mqﬁa?raqﬁraaﬁq?ma?m

ufaard &1 T aar &

a. El'cé?ﬁ%

b. HHBIAE

C. SR RG]

d. SPHMUIA FUH Tedr e
Ans:-a

Q 6:What happens to the quality factor of an LCR circuit
if the resistance is increased?

a. Increases b. Decreases

C. Remains the same d. None of the above

Q 6:9’?3[3’3@‘1’\’ LCR wfdhe & farwar 1utics o1 T 8t

a.. el g b. HHBITA &
¢ dudiTEard d. STHA SIS TE

Ans:- b.

Q 7: When is the current in a circuit wattless?
a. When the inductance of the circuit is zero.

b When the resistance of the circuit is zero.
c¢.  When the current is alternating.
d When both resistance and inductance are
zero.
Q 7: Afdbe o Bic Hd dicad T &7
a. 51d Afdhc B URbed T BT &l

b. 319 Uy o1 YfaRTer 4 Bl 8l

C. 314 BC §& 38T &l

d. 579 9faRTer quT Rebed ST A &l
Ans:-b
Q 8:Energy dissipated in LCR circuit in:

a. Lonly b. Conly

C. R only d. All of the above
Q 8 : LCR Ufyay & 35371 &1 et a1t @ :

a. HAALDBGRI b. Hdd C D gRI

¢ ®HAARBPERT d FIWBIANHGRI

Ans:-c.

Q 9 : What is the ratio of inductive and capacitive
reactances in an ac circuit?

a 1 b. 2L
c.  wLC d o0
Q 9 : U UdTdd! &RT ufvqy ® Wb 37k Fenfa ufaara
T HqUTd a1 &2
a. 1 b. w?L

A IR, I, FTRES




c. w?LC d 0
Ans:-c.

In series resonant LCR circuit:

a. reactance is zero b. currentis zero
c.  voltageis zero d.  None of these

Q 10: 07t T3 37ATE LCR ufyay &

a. UfduTd A BT b, ORI LI EATE
¢ ARATTAME d TIPS TE

Ans:-a.

Q1io0:

Q 11:The no. of turns in the primary coil of a transformer
is 200 and the no. of turns in the secondary is 10.
If 240 V a.c.is applied to primary, the output from
the secondary

a. 6V b. 12V
c 24V d 48V

Q 11 : fFH giawnit & urafis B 930 I AT 200
a4 fgdas Husat § BN B F@AT 10 81 TfE 240 V
a.c. UT4fH® HUsH! W @] &raT € A fedas posan
A 37T3cYe &
a. 6V b. 12V
c 24V d 48V

Ans:-b.

Q 12: Transformer works on the principle of:
a. convertor b.
C. mutual induction d. None of these.

Q 12: giaHTR fa fageia = & oar &

self-induction

a.  ®adcR b. ¥ UROT
¢ 3N URUT d SAH A DISAE
Ans:-c.

Q 13 :In pure inductive circuit current
a. lags behind emf by /2
b. leads the emf by /2
C. lags behind emf by
d. leadsthe emfbym
Q 13 : (G W¥ehed URRay i fagga amn
a. faga s a1 An/2 HUTAND &Il & |
b. fdgd aress ge1 A m/2 HIUTH 37T IETT &l
c fagaars @ Am HoTH N erdr &l
d. fagdares a@ A mHIUTA AN dGIal &l

Ans:- a.

Q 14 : The average power dissipation in pure inductance
or capacitance is:

a. 1/2L12 b. 3/2CVv2
c. either(a)or(b) d. Zero
Q 14 : [GE Wbea a1 Herfya & 3itwa afe 3rgerg sars:
a. 1/2 LI? b. 3/2CV?
c Il (@l (b) d
Ans:-d.
FHefT-12 (fifaadn

Q 15: Capacitor acts as an infinite resistance for
a. DcC b. AC
C. BothAC.and D.C. d. neither AC.norD.C.

Q 15 : e 31d UfaReg & ¥9 3 1 BT &

a. DCH b. ACH
¢  AC3RDCESTIH d TAACTEDCH
Ans:-a.

Q16: The core of transformer is made laminated

because:

a.  Bydoing this the current of high power can be
obtained.

b.  Bydoingthistheloss of energy can be reduced.

0

Due to this transformer looks good.
d.  None of these.

Q 16 : TIABIHT P B DI dAfeAe fomar sirar & Fife:
a.  UdT & A 3A 2fod o1 die Ut fopar i

THdT &l

b. VAT & A Hall DI &I DI HA fopar 31T
THdT &l

¢ 3P HRUTCIABIHR 3T fETdr &l

d. SHAPISTE |

Ans:- b.

Q 17: The peak value of alternating current is | . Its root
mean square value will be:

a. l,/V2 b.
C l/2m d.

017:;1;“1%'1&11?1 &1 97 9T lo 1 $HHT e HIeq avf o=

/2
None of these.

a  IN2 b.

/2
¢ I 2m d. SAHAPISTE |
Ans:-a.

Q 18 : In a step up transformer the number of turns in

the primary and secondary coils are respectively
N1 and N2 ,then

a. N1> N2 b. Ni1<N2
C. N1=N2 d. Ni1=0

Q18: U® RU 31U TiABHR ¥ urafires 31k fedias disa o
g1l B AT HHA: N1 3R N2 # T,

a. N1> N2 b. Ni<N2
c¢.  Ni=N2 d. Ni=0
Ans:-b.
Q19: What is the reactance of a capacitor in a D.C.
circuit ?
a. O b. Infinity
c 1 d. None of these
Q 19: D.C. ufyay ¥ Fefea ot ufcrara oan &2
a. o b. 3
¢ 1 d HA DS S|
Ans:-b.

FHNE3IRA, I, RS




Q 20: The transformation ratio of step up transformer

is:

a. Equalto1 b. Lessthan1

C. Greater than 1 d. Not certain.
Q20: mmmﬁﬁmqﬁaﬁqmﬁ%

a. 1P R b. 19®H

¢ 19 3:ATH d. g T8rsl
Ans:-c.

Subjective Question (fawafs usn |

Q1: What is alternating current? Define Peak
value,Time Period and frequency of Alternating
Current.

Ans:- An electric current whose magnitude changes with
time and polarity reverses periodically is called
alternating current. The current obtained by dynamo
and generator is alternating current.

The sinusoidal alternating current (a.c) is expressed
as I =l sin ot

where, I; = the maximum value or peak value or
amplitude of a.c.

=21 /T=2mf is called angular velocity
T=time period and
f =frequency.

The variation of a.c. with time is shown in figure.

IOL
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()  Amplitude or peak value: "The maximum value of
alternating current in any direction is called its am-
plitude or peak value”.

In expression of ac, I =l sin ot I, is amplitude or
peak or maximum value of alternating current.

(i) Time-period : The time taken by alternating current
to complete its one cycle is called its time-period.
If angular velocity of coil is ® then time-period
T=21/0

(il Frequency: Number of cycles completed by
alternating current in one second is called its
frequency. If frequency of ac is f and time-period is
T, thenf=1/T

Q1: YdIad! &RT FT & gddad] aRT & @R q91 ar
T, 3Tad HTA 3117 g &Y afanfia &)

3R : - U fagld a1 Siaast URATOT 999 & 1Y aaordT & 31
31adt €9 & giiafda &dl & 38 gdrad! grT
HET STTdT &l STAAT 3R STAex gRT UTW &1RT UdTad!

HefT-12 (N

EIRT Bl B

JITAdT €T (a.c) T 5T b 9 § odad fopdr
ST 81 1 =1, sin ot ...

5781, 1,= TTad &R <hT fRIER {9 971 34T 8
w=211 /T=2mf. PO AT &

T= 3Tad e 3R

f = 3Tqf<l

u?qg-cﬁermaiuﬂa?r foraaT g9 & Ty g o fézaman
a7 B

IOL

p
|

FNIER SpupEp
—

<
—

..Io

() 3T a1 RRaR g1 fosat oft feem & garadt emn
& TTEhdH HI- bl 3THI 3TTATH T RI%R HTH Hel
STTT 81 Jemadt eRT1=1, sin ot ¥ 1= JedTadi oR
I RRR A AT 3 & |

(i) 3TTad DI : TATad &RT DI 37TAT Y b YT
T B AT aTel TH9 BT ATadDbTd Hed ol aie
Pl BT HIVIY AT o B AT 37T B, T =211/0

(iii) H@Frequency):mmmwmﬁ
o T TIehi bl IBAT B 3T I Hed &l
gfe gATad &RT &1 39T f & 3R FHg-3afa 78,
alf=1/T

Q2: What is the frequency of alternating current
supply in India? What is the frequency of direct

current?

Ans : - The frequency of alternating current supply in India
is 50Hz and the frequency of direct current is OHz

Q2: WRd ¥ 3 HI ydTadl g1 H1 g Far g ? e
&TRT Y ATg i T 82

3R ;- YRA § gATad &RT 3Yf &bl 371gfT s0Hz & 37R
fC® gRT T 3TgfRT oHZ B |

Why is the use of a.c. voltage preferred over d.c.
voltage? Give two reasons.

Q3:

Ans:- 1. AC. voltage can be easily increased or decreased

2.A.C. voltage can be easily converted into D.C.

Q3: AC. &I 39U D.C. A 3iferes yddier aleest & ¥ o
T4 foeaT s11aT #2 <1 dRuT A0

3R ;-1 Y] IRT BT 3T A g@/T a1 gerar 3T
THAT Bl

z.g?ﬂ?ﬁﬁ EMMRT T 3T A D.C H AT 31T ThdT
|
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Q 4: Write differences between AC and DC

Ans:-

Alternating Current

Direct Current

In AC the flow of current

changes its  direction
forward and backward
periodically.

It flows in a single direction
steadily

The frequency of AC is
dependent upon the
country. But, generally, the
frequency is 50 Hz or 60
Hz.

DC has zero frequency.

Electrons in AC keep
changing their directions -
backward and forward.

Electrons only move in
one direction.

ACis easy to be transferred
over longer distances
without much energy loss.

DC cannot be transferred
over a very long distance.
It loses electric power.

Q4:
3R -

ydTad! &R 3R e arr o 37eR fAf@u|

JTad! gRT

fev amr

JTad! IRT § I99-999
W gRT & Yare ol fezm
;ﬁﬁ?ﬁ@&fﬁ?ﬁ?ﬁ
|

fev g1 Ue & ferm o
TITAR I8 &

T EMRT bl ATl ST

Waﬂ?ﬁrsonmeo Hz

R R 2 @, 3 alk | &

e® &R 1 = 31qf< el
|

cycle (ie.t=0to t=T/2)is given by,

[da=[ % L sinaotdt

y A
q= Iof/ sinwtdt = I, [ cosa)t]
__ L 4
=0 [coswt];
4
(27ITO/T) cos 2T ] (cw=27/T)

q=- 120; coszTﬂ X %- cosO]

=-M[cos7f - c0s0]

27
= IOT T] (*. cost =-1and cosO = 1)
So, P (M
Let I be the mean or average value of a.c. over

positive half cycle, then the charge sent by it in time
T/2 is given by

q=I.X % ............................. (i)
According to definations, equation (i) = equation (ii)
So,
Lox T _LT
) T
2
or, l.=—=0.637]

Mean value of an a.c. over half cycle is 63.7% of its
peak value.

Brail 8l Qs5: YdEd! gRT & HIeA 91 3tad 919 @ afenfya
Udmadl grT o 3%(:d’c;l-| Seiaci- %’)dm U fem o mﬁlﬁw: STt T 3 3t 51 & et St g
AT fe&Rm 31 NS | fd B E |
JCAd EA B | 3R - &RT BT Fad 719 37 oot afvuy o foht
. R FHTT=RIC 3 3777 &Y 3 & HET g
gaaTadt et o1 el off | e ey Y a5 ofdl ol et & e 330 afvdy & gradt e e
e f&T STTeT H311 811 b | IR WA T&f fohar 51T & 31¢era GRT UCH B ST &, yea
RHIART BT AR 8 | | Fepar &l g8 faggd 2afoa & ATt
BNALR HTER T 3T JTH e 8
JTad! &RT &l HTe4 T 377d 7 & ey st
B gt
Q5: Define mean or average value of alternating
current. Derive an expression for the average A w150 fdh Uob Umad! aRTal 1 = I sin ot GIRT
value of alternating current. fefud foear sirar @
Ans:- Mean or average value of altgrnating current is TTad! &R 1 §RT 370 T 37<RTod dt & 97
that value of steady current which sends the same T 371937 S UhRR fearsTan @,
amount of charge through a circuit in a certain time
interval as is sent by an alternating current through dg=Idt =1 sin ot dt GHT 1= dg/db
the same circuit in half cycle. safeiy, geet 378 T F @ t= 0 A t = T/20
Derivation of Expression for mean value of a.. TSI ORI GRT 1T 74T 3719Y 37 YhR far 1
Let an alternating current be represented by, ADHATE |
I=1,sin ot
The charge sent by the alternating current I in time
dtis given by,
dg=Idt=1 sin ot dt (since I=dg/dt)
Therefore, the charge sent by a.c. in the first half
HeafT-12 (1T 55 FMEIRA, A, TRES
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Qé6:

Ans

Q6:

Q7:

Ans

HefT-12 (N

f dq = /(; % I, sinwtdt

b4 B} A

_ . _ cost |2

q = Iof Slna)tdt = I() w]o

__ L VA

= —[coswt]>
(275T) cos 217}- ]/ (. w=27/T)
_ LT 2 l_

=" |cos T 2 cos0

='2°—7z.[cos7r - cos0]

] (.- cosmt =-1and cosO=1)

A q= I;Z_T ..............................

HH Bl lav TATAdT IRT B ITHD 3T Ieh Pl
HTeq 97 379d 719 & dY T/2 THY § 58P gRT UeH

fogT a1 3MaT S R T ATar g |
q:LWX% ................................... (ii)

TfRUTT3AT B AR, FHIDBROT (i) = HHIBT (ii)
sHf@,

T LT
Loy X 2T
or, L, =21 =0.6371,

mﬁm%mmawwmwmaﬂﬂﬁm
3T fIRER @RH) HIT BT 63.7% BIdT &l

What is the average value of A.C. for a complete
cycle?

:- The mean or average value of A.C. over a complete

cycle is zero.

foret qof a6 ¥ yearad! a1 &1 3itHa A FaT AT g ?

- Ueb QR <0h H YATddd| ERT I HIEA A1 A 7H -

BT &l

Define Root Mean Square value of alternating
current. Derive an expression for the r.ms. value
of alternating current.

:- The root mean square value of alternating current

is defined as that steady (constant) current which
produces the same amount of heat in a conductor
in a certain time interval as is produced by the A.C.
in the same conductor during the time period T (i.e.
full cycle).lt is represented by Irms.

Derivation of Expression for rm.s. value of a.c.

Let an alternating current I =I_ sin ot flow through
a conductor of resistance R for time dt. Then, heat
produced in the conductor is given by,

Q7:

3R ;- AT &RT ST aIf A1

dH=12Rdt= (102 sin? t) Rdt
Or, dH =I? R sin? ot dt

Now heat produced in the conductor, when current
flows for time period T (i.e. fromt=0to t=T)is given
by,

T .
de =f I’ Rsin’ wtdt
0
T .
or, H= IzoRf sin’ wtdt
0

Since sin’wt = (%M)

H= IZOR[I'C%ﬂm
2 T
= %[ (1 - cos2wt)dt

- IZOZR [[T dt-[T(COSZwt)dt]

_ %R {[t]g _[sig%owt ]Z]

=R|r-0)-5

=1 ER [T - %(sin2 X 2T - sinO)]

2
or, H—IORT(

| Jsin2 x 2] ]

“sindzr =sin0 =0) ........ eqn(1)
Let Irms be the rm.s. value of a.c. which flows
through the conductor of resistance R for time T.
So, Heat produced in the conductor,

H=1_ RT

According to the definition of rms. value of ac;
equation (i) =equation (ii)

2
So, I’ RT = I Og{T
Lo

or, [ = ﬁ

ATl &RT & atf-H1ed-Jol 71 DY afv i P>l
YATdd] &RT & J-HIEA-HA (rm.s) 99 & fAQ 51

ad HIfFUI

= 0.7071,

o1 7H 39 RR aR1 b
IR e1dT & 311 fhat arae o foeat Ffvaa aog
3TRTA H 3d-T 3T 307 HRdl & a1 fos 3
qTeieh B 3TTad T T (31T got T¢h) & SRIF 3707
B 81 2 Irms. gRT efRid STTdT 8l

Tt oRT & aif-HTEr-Je (rms) A & fU
CIE 3]

HHET &SI 1] &RT 1=1 sin ot IfARIE R & Th
qATeich & HTeqT A UaTiad & 38 & o areisd o
37T IHY dt H 3¢U9 3T 5T YhR & ST §

dH = I2 R dt = (I ? sin? ot) Rdt
7, dH :102 R sin? ot dt

39 ITeich H 3cU ST 376 &1RT 3Tacohlel T (37Yfq
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t=0td t=Td®d )b feIQ UdTfad & dl 30 UHR &l
ST AhAT &,

T .
f dH = / I’,Rsin’ wtdt
0
T .
or, H=I*R / sin’wtdt
0

Since sin’wt = (%)

H= IZOR[T%m
2
= %jT(l - cos2awt)dt

= IZER[_O/T dt-[T(COSZwt)dt]
for o]

2
2 T
Rl gy L 2] (o
2
_1 %R [T - i(sinZ X 2T7T - sinO)]
_I%R
H="

HAT T Irms TATdd ] ERT T aTf HI0 Jod 519 8 311
%W$%Umﬁ?‘raaswﬁﬁw%ﬁ€m
|

37q: AP B 3¢99 HWT, H=12_RT

UTddl gRT & a1 J1e4 T HH Bl URHTET B
AR, AHIDBROT (i) =HHIDBROT (ii)

T (.sindr =sin0=0) ........

or,

,RT

2 _ 0
rRT =101
L.= % = 07071

/2

T & fob gATad &1 T a1 H1ed g | SHD
fRRER A1 BT 70.7% 1T &l

Q 8 : The instantaneous current flowing from an ac
source is | = 5 sin 314 t. What is the rms value of
current?

Ans : - The rms value of current is

I _
J2
TP A C U A 969 aTei] dTchIfeic &MRT | = 5 sin 314 t
#| faea e &1 rms 7T F@T AN ?

3R : - IRT BT rms HIF I

L _
2
Q9: The root mean square value of alternating

electromotive force is 180V value. What will be
its peak value?

Ans:- Eo=v2 Erms=1414 x 180 =254.52 V (since Erms=Eo

Irms =

%’ since [,=15

Qs8:

Irms -

%’ since [,=5

HefT-12 (N

N?2)

Qo: YA faeld areeh a1 o1 a7 H1ed T AT 180V HIH

21 3P AR (TR ) 719 T &N ?
3R :- Eo=v2 Erms =1.414 x 180 =254.52 V (%[% Erms=Eo
/N2)

Q 10: An alternating em.f. is applied across an inductor.
Show mathematically that the current in it lags
behind the applied e m.f. by a phase angle of 1/ 2.

Ans:- Consider an alternating source connected to an
ideal inductor of inductance L as shown in figure.
Such a circuit is known as a purely inductive circuit.

—— T —
d
L
a.c, source
2_7r)
T V = Vj sin ot

The alternating voltage across the inductor is given
by, V =Vo sinot

The induced emf. across the inductor = - Ldl/dt
which opposes the growth of current in the circuit.

As there is no potential drop across the circuit, so,

dar) _ dl _ dl _V
V+<-La>—0 or L gy =

dt L
Using equation (i), we get,

% = %sina)t or dl = %sina)tdt

V or

Integrating both sides, we get,

[ar= [ Yesinwtdi =72 [ sinotdt

V. V.
To(_icog)wt ) = T (-cosat)

5

Vo
Lw

I f—
(-coswt) = sin(a)t -

and peak value, [, =
Or, I=I sin(wt-1/2)

Comparison of eqn. (i) and (ii) shows that in this case
the current lags behind the voltage by an angle of
/2.

V = Vgsin ot

7
-1
¢ )‘\1=1“qin<mzf I,

Phasor Diagram
(B)

Time Diagram
(A)
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Q10: UP WP WR U UedTad] [deld dTeh a1 (e.m.f.) FITAT
STTaT 81 TIfOTey ¥9 @ yefkfd &Y fop san ey ordva
fare[a aress a6 (emf) A /2 & HoAT HUTH NV &

3R ;- AT bl Ub JATdd] ATd Uh 3eRf IRep LA =T
H <R1fU 3R 53T € | U URUY bl qel ¥ &

URdbcd URUY &b €9 H ST 31T 8l
T ——
dl
-L -d-[—
4a.C. source
V = Vy sin ot

RITUT UTad! fagd ares aef 38 UbR fear
STATE, V=Vo sinot ... ()

URhed & IR R Ufd qTech a1 =- Ld1/dt 31T
TfRay 7 €RT Y ggie BT faRTer e &l

Yfes ufkuy & RRT W o1 fawa ga= F&¥ 8rar &,
gafeu.

)

dl\ _ dl _ da _V
V+<_LE>_O orLdt =V or - L
THIHROT (i) T YU b, 8H U B &,
dl 'V,

Q= fsinwt or dl = %sina)tdt

ST R THTD T B IR EH UTd & T,
[di= [ Pesinwtdi =72 [ sinotdt

Vi Vi
I= f(- COCSth ) = 1o (-coswt)

(-coswt) = sin(a)t - %)

and peak value, I, = I}/ 7

a1, =1 sin(ot-1/2)

BT () 37 (i) P gE AT T Y aredh
ML Gap ) CURIR WIS fae

Phasor Diagram
(B)

Time Diagram
(A)

Q11: What is inductive reactance ? Draw a graph
showing the variation of inductive reactance with
the frequency of the a.c. source.

Ans : - The opposition offered by the inductor to the flow
of current is called Inductive reactance. It is given by
X =WL

HefT-12 (N

f

: IRfOTe ufcard @ar & ydmad! arT & Efl &
|1y W01 gfcerd i fredr & <13 a1 vs e
101

3R :- YR gRT EMRT &b FaTe H 3TRIUA 37aR1er 9R0Teh ufdemd

HEd &l U8 X =WL gRT flear sirer & |

ANS

Q 12: What is the reactance of inductance in a direct

current circuit?
Ans : - Since, X =lo= Lx2rrf

And f = 0 for direct current

Therefore, X =0

fedt fee arT aftuy ¥ ORea &1 ufaura
Bard?

IR~ Ifeb, X = Lo = Lxenf
ARRTame MU f=o
AT, X =0

An alternating em.f. is applied across a capacitor.
Show mathematically that the current in it leads
the applied em/f. by a phase angle of i/ 2.

Q12:

Q13:

Ans:- Consider an Alternating source connected to a
capacitor as shown in Figure. Such a circuit is
known as a purely capacitive circuit. The capacitor
is periodically charged and discharged when
alternating voltage is applied to it.

il
I

A .C. Source

o)
V=V, sin ¢

The alternating voltage applied across the capacitor

FHNE3IRA, I, RS




is given by
V=V, sinot ... (i)

Let q be the charge on the capacitor at any instant.
Then potential difference across the capacitor,

Ve=q/C e (i
Since V.=V
q

So, =V =Visinwt (usingeqn(i)and (ii)

So, q= ViCsinwt
) _dq _ d(V,Csinwt)

0

= V,Cwcoswt = \1] coswt
<@>

Since, coswt = sin(a)t + %)

So, I=1 sin(wt + %) ............. eqn (iii)

where I, = ( \110 = % = the peak value of A.C.
ca)

and X. = <CL> = capacitive reactance

Comparison of equations (i) and (i) shows that
current leads the emf. by an angle 1/ 2 in a purely
capacitive a.c. circuit. Time diagram and the phasor
diagram for the same is shown in figure below.

J

Q 13 : U Harfya & fiRl_ur g yamadi fagd s oo
(emf) BTG &l oI ¥ | yelRfa &Y 6 s
MR BTUR fIe[d 16 aa (em.f) A /2 B BT BIOT
A 3m T&e B

3R :-HMHT I b TAdTad! did Uob 3eRf e ¢
3 o 21fy 3R 331 8 | U1 uRuy &1 3ed
U A FUTRA o ¥ & TG H SET SATCT &l
3TRITUT gTad fag[d areeh ge1 GRT HEMRA bl
TY-IHG IR I151 3R S5t fomar sirar 8l

A.C. Source

o)
V=V sin ot

HefT-12 (N

Q 14: What is

HTRA IR HARITUT JATadl fagld a6 It 39
bR fEaT5TdTe, V=V, sinot ... ()

AT T q fomedt THg IR Femfd IR 32T 8 |
Fenfa & fRIRI o favaiar
VARV GR— (ii)

Since V.=V

q

So, =V =Visinwt (usingeqn(i)and (ii)

So, q= V,Csinwt
) _dq _ d(V,Csinwt)

0

= V,Cwcoswt = \1/ coswt
(o)

Since, coswt = sin<wt + %)

So, 1=Lsin(@t+2) e eqn (iii)
where I, = Vo _ % = the peak value of A.C.

(ca)
Cw
and X. = (%) = capacitive reactance

FHBRT () 37 (i) BT JoT I UdT Toral & b
JTddl &RT gedTdc! qresh & A 11/2 HIUT
A AT E & fagger ¥ A Fania ydmadi ufay
¥ J9Y 3 3R 3 & Ay drdie 3mE A9
o o fegman mar 8

capacitive reactance? Draw a graph
showing the variation of capacitive reactance
with the frequency of applied alternating voltage.

Ans:- The capacitive reactance is the effective opposition

offered by a capacitor to the flow of current in the
circuit. It is given by Xc=1/(Cw)

X

TC
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Q 14 : Henfa wfdema @a1 & gaamad] arT & 37gfa & |Jrg
denfe ufqara &1 fimar @1 gl aren g a1
CEly

3R ;- TYTRA GRT &RT D Udre H RIUA 3TaR1er Jemia
gfderd ®ed gl T8 Xc=1/(Cw) GRT feaT ATAT & |

X

TC

— f

Q 15: What is the phase relation between current and
voltage when (i) an inductor and (ii) a capacitor
are present in the circuit?

Ans:- (i) In case of an inductor, the voltage leads the

current by an angle of m/2.

(ii) In the case of a capacitor, the voltage lags behind
the current by an angle of 11/2.

Q15: URT AT dleedl J 9T BT T &dT & 579 gy
(i) IR AT (i) Fafed A a1 ?

3R ;- () WRebd 1 fRATT & dleedr aRT A n/2 HIoT A

37 T&T B
(i) e ot Rfd J, dreedr ot I n/2 dIoT A
Urs Y& B
Q 16 : What is the unit of reactance?
Ans:- Ohm( Q)
Q 16: UfAETd BT HTEP FAT BT & ?
3IR:- AH(Q)

Q 17: What is the reactance of a capacitor in a DC
circuit?
Ans: - Since, X = 1/CW =1/ (C21rf), and f = O for direct current

Therefore, X =00 (infinity)

Q17: fer amr ufray ¥ Gearfea o1 ufdara qaralaré »
3R~ I, X_= 1/CW =1/ (C2mh, 3R feT a1 B fAw f=0

AT, X_ =00 (37=T)

Q 18: Using a phasor diagram, derive the expression for
impedance of an a.c. circuit containing L-C-R in
series. What is meant by resonance of this circuit
and find the expression for resonant frequency.

Ans:- A circuit containing inductor of pure inductance
(L), capacitor of pure capacitance (C) and resistor
of resistance (R), all joined in series across an a.c.
supply, is shown in figure.

HefT-12 (N

L

Vo —¥
—— V| ——pte— Vc —sit— VR

{

~
A2

V=V, sin of

Let V be the rms. value of the applied alternating
e.mf.to the LCR circuit.

Let I be the rm.s.value of current flowing through all
the circuit elements.

Phasor Diagram:

This potential difference or voltage leads current
I by an angle of /2. so V| is represented by OB
perpendicular to the direction of 1.

The potential difference across conductor C,
(ii)
This potential difference or voltage lags behind the

current I by an angle of /2. so V_is represented by
OF perpendicular to the direction of L.

The potential difference across R,
Ve=IR (iii)

This potential difference or voltage is in phase with
the current. Since V, and I are in phase, so V_ is
represented by OA in the direction of L

SinceV andV_areinopposite phases, theirresultant
V-V is represented by OD (Here (V >V ).

The resultant of V_ and (V -V ) is given by OH. The
magnitude of OH is given by
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HefT-12 (N

OH = /(OA’+0D?) = V3 + (V.- Vo)
or, V= \/ Vi + (V- Vef
Using equation (i), (ii) and (iii), we get
V= /(PR +(IX, - IXc))

=1y (R*+ (X, - X))
or, ¥ - <R2 +(XL - XC)Z)
or,Z =\/(R2+ - X))

Where Z is the total effective opposition offered by
LCR circuit to A.C. called impedance of the circuit.
Impedance (2) of LCR circuit can be represented
diagrammatically by Impedance triangle as shown
in figure below.

B

(XL-Xc)

0 R

Z=(R'+(X.-Xc))

(Xu
|-l

Electrical Resonance is said to take place in a series
LCR circuit, When the circuit allows maximum
current for a given frequency of the source of A.C.
supply for which capacitive reactance becomes
equal to the inductive reactance.

Vv _ \'
z \/(R2 +<XL - Xc>2>
From this equation it is clear that current T will

be maximum if the impedance (2) of the circuit is
minimum.

since, [ =

So, For electrical resonance,

X]_ = X]_

or, Lw, = CLCUO

or, W’ = LI—C

or, Wy = ﬁ

or, 2xf, = ﬁ

or, fi S S
™ 2my/LC

At this particular frequency (fo), the current
amplitude in LCR circuit becomes maximum This
frequency (fo) is known as the resonant frequency
and the phenomenon is called electrical resonance.

- fopelt gRRuy o 9

Q 18 : BIATP T BT TANT B §U LCR AU gATadd! EMRT

ufyay & ufdearen & fAu s Feaa Hif01 560

qfilqy & mﬁwm%ammaqﬁras
foig sas1e Ut SHIf=gl
(L), C eTfYaT & Jemfa

& UROT
T R OfeRTer 1 oftesn 3 Sirgy s & st o o
<RI 74T &1 7T LCR aRUy o garfed gemadt @

qT8H I T aTf HIEA T V Bl

L C

Vp —d
— V| ——pte— Vc —sl¢— VR

'

&
V-VO sin o

qET 9Ray & JT 37994al § I garied 814 aTe! &MRT BT
ari HTeq Jof HI 18]

TROT 3G:

TE fqUaT=R, IRT 1 A 11/2 HIUT A 31T & 2137: VL B
ETRT [ b1 321 & Tiradd OB gRT U< iRid fopaT 31T Tahdr 2

HYTRA & IR R fawarR, v =X

TE fqUaTaR, gRTI A 11/2 HIOT A T 38T 8137d: VC BT
;WI@%%H%WOFWWHWEW
|

iRt & I R fawaicdR, V.= 1R (i)

g8 fqYaTR, &RT 1 3 A1 ATHH ST H 8l Ifb v,
3R 1A BT E ATV, BT IRTT Bl fem
2 OA gRT Y RTd fasaT 317 TawdlT 21

I v, 3R v, faudid sar 7 & gafdu s16b
GROTHY (v -v) ST OD GIRT =171 7T 8

@I V5V,) |

V, 3R (v, - v) 1 afRomH favar=R OH gRT & fRfa
f&aT 51T TehdT &I

OH = /(OA’+0D?) = y/ VX +(V. - Ve
or, V=3V +(V.- V.J
Using equation (i), (ii) and (iii), we get
V=/(PR*+(IX, - IX.)')

................ (ii)
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= T1/(R*+ (X, - X))
or, 1 = (R*+ (X, - X))

or,Z = /(R*+ (X, - Xc))

5T8f Z LCR Uf{gy gRT ydTad! &RT &t faudd
gYTdY 31aR1er 7, 5 ufvay o1 ufderen war sirdar
&l LCR gy & ufdaner ) &1 gfderar B3 grr
3T ¥ A 2147 37T JohdT & 51471 fop i g o
femar maT &l

B

XL-X¢)

0 R A

z=y/(R*+(X,- X))

)

gfe foeafl LCR A0t ufygy o fopdl < g 319
T gATad! Iwdrs & foig Tenfa ufderd dur
RO ufdard &1 A9 SR16R & duT gikuy o
garfed &RT 3fahad & d1 g1 fRfd & fagda
37T (electrical resonance) HETTATE |

_ \Y%
VR +(X, - X))

3T 0T A g8 W ¢ fH ey 1 31férdsan g
gfe gRuy &1 ufdere ) AaH & |

AT, 3ATE & foiu e gfderd aur
Wqﬁéﬁmwmwﬁm,

X=Xy

n I=M
since, 7

or, Lw, = CLCUO

1
2
Or,CUo—LC

or, Wy = \/7

1

LC
or, 2xf, = ﬁ
or, fi=——

’ 27y LC
g9 a1 31qfe (fo)UR, LCR URUY H &1 31farchad

HEIGIEES] (fo) T P FU
ﬁaﬂ;m%ﬁgﬂgwa%mmm
ST 8l

Q 19: Give the phase difference between the applied
ac voltage and the current in an LCR circuit at
resonance.

Ans:- The applied ac voltage and the current in an LCR

HefT-12 (N

circuit at resonance are in phase.Hence phase
difference = 0.

Q19: 3TAIE W U LCR Ufiay F @] yearad ateest 31k
&RT & §1T HAT AR a1y |

3R :- 3FAIC W Ueb LCR Afdbe ¥ yaradt ateest 3R
%JWWW Y81 8l 3ATAU SHIeiar - 8dm

4

Q 20: What s the phase difference between the voltage
across the inductor and the capacitor in an LCR
circuit?

Ans: - The phase difference is 180°".

Q20: U® LCR Ufiay ¥ U 37 Geanfya & aieest & g &1
HAT TR FAATE?

3R :-HeT 3R 180 ° BT &l

Q 21: Describe the principle, construction and
working of a transformer. Why is the core of the
transformer laminated?

Ans:- Transformer is a device used to convert low
alternating voltage at higher current into high
alternating voltage at lower current and vice-versa.
In other words, a transformer is an electrical device
used to increase or decrease alternating voltage.

Types of Transformers

(i)  Step-up transformer: The transformer which
converts low alternating voltage at higher
current into a high alternating voltage at lower
current is called step-up transformer. In other
words, a step up transformer gives increased
alternating voltage output. Symbol of the step-
up transformer is shown in figure(A).

® ®

IO

(A)

(i)  Step-down transformer: The transformer
which converts high alternating voltage at
lower current into a low alternating voltage at
higher current is called step-down transformer.
In other words, a step down transformer gives
decreased alternating voltage output. Symbol
of the step down transformer is shown in
figure(B).
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Principle: A transformer is based on the principle of
mutual induction. An emf. is induced in a coil, when
a changing current flows through its nearby coil.

(B)

Construction: It consists of two separate coils of
insulated wire wound on the same iron core. One
of the coils connected to a.c. input is called primary
(P) and the other winding giving output is called
secondary (S) winding or coil as shown in figure
below.

il
1111
&

R

The primary coil is connected to a source of
alternating voltage (Ep). The primary coil along with
a source of alternating voltage is called the primary
circuit. The output alternating voltage (Es) is taken
across the secondary coil and the load is connected
to this winding. The secondary coil along with load
is called a secondary circuit.

Theory: When an alternating source of emf. Ep, is
connected to the primary coil, an alternating current
flows through it. Due to the flow of alternating
current in the primary coil, an alternating magnetic
field is produced and hence changing magnetic
flux is linked with the coils. This changing magnetic
flux induces an alternating emf. in the secondary
coil (Es). Let Np and Ns be the number of turns
in the primary and secondary coils respectively.
The iron core is capable of coupling the whole of
the magnetic flux ® produced by the turns of the
primary coil with the secondary coil.

According to Faradays law of electromagnetic
induction, the induced emf. in the primary coil,

N (A
Ep_ Np dt ................ (i)

The induced emdf. in the secondary coil,

Es Z'Ns% ................................... (i)

Dividing (ii) by (i), we get,

Es _Ns
Er Np
Es _ Ns _

OI‘,EP _NP _K

E
Where, K= E_f’ = Turn Ratio or Transformation Ratio
Caseli): K< 1 for step down transformer.
In this case Ns<Npand Es<Ep

i.e. output alternating voltage< Input alternating
voltage.

Caselii): K> 1 for step up transformer.
In this case Ns>Np and Es>Ep

i.e. output alternating voltage is greater than the
input alternating voltage.

For an ideal transformer (in which there are no
energy losses),

Output power = Input power .. (iii)

Let T/ and I be the current in the primary and
secondary coils respectively.

Then, Input power = EL
Output power=E] ;
From equation (iii),

Es Is = EPIP

E 1 .
or,E—i = I_: ............ eqn(iv)

1
or, EaT

Egn. (iv) shows that for the same power transfer,
voltage increases with the decrease in current and
vice-versa Thus, whatever is gained in voltage ratio
is lost in the current ratio and vice-versa.

So, a step-up transformer increases the alternating
voltage by decreasing the alternating current and
step-down transformer decreases the alternating
voltage by increasing the alternating current,

For a transformer, efficiency,

_ Output Power  El;
7= Input Power _ Eolp
For an ideal transformer, efficiency n is 100%. But
in a real transformer, the efficiency varies from 90-
99%. This indicates that there are some energy
losses in the transformer.

When a changing magnetic flux links with the iron
core of the transformer, eddy currents are set up.
These eddy currents in the iron core produce heat
which leads to the wastage of energy. This energy
loss is reduced by using laminated iron cores. Eddy
currents are reduced in a laminated core because

FHNE3IRA, I, RS




their paths are broken as compared to solid core.

Solid Core Laminated Core

HefT-12 (N

with no laminations with laminations
high Eddy Currents low Eddy Currents

Q21: o STaBIHR & AT, s91de aUT HTAYUTTE] BT

quiT S| TG HI BIS B Ueford a4l 1Har

STt 87
- QIR YT fagq RERCARHEGIREE:
&RT ! 7 gaTadi &1 7 gRT 61 3=

TdTadt dreedT H auT 9 oRT & 37 gdrad!
aloedl I 3W gRT & A9 gdrad! dieedr o
uftafda fear s gwmar &1 3rufa |, cawiiR
TTddl dlocdl &l g 37Ydl gcH H Ugar &l
ST aTet g ol

CIRIBIHR] & UBR (Types of transformers)

() 3T TABIER ((Step-up transformer) : d&
CIRIBIAR 311 3. ORI & Y UTad] areed!
B A7 aRT T 3= gTdd] dreedr & ufiafda
P H U Bl 8, 3T CIAWIER BEdTd
2l 31yfd, 3=rh erawitR 3mafdd gdrad!
Areedr fFfa war & 3T giawiER &Y
) o Tidefae ¥9 5 gerfar mar 2l

® ®

AT

(A)

(i) 3TUATdI IRABIER (Step-down transformer): a8
CHRIBINR 31 fA9 &RT &1 3w yTdd! aleed!
&I 3 IRT D A7 TdTad] dreedr | ufiafda
& H Ugad edl & UGl CRIBR
HEATAT &l 37T, 37T CTIBIHR HH T
B gTad! areedr Fifa sar &1 3rgardy
aﬁgﬁﬂ?aﬁﬁa(a)ﬁﬂﬁﬁﬁwﬁa%ﬁm
T &l

»E|E®

-

=
(13)

fRIGemT (Principle) : TIABIHR 3T URUT &
a1 W a1l gfad 8l 579 foset puset o
g1 ufafcd grdl @ dl sad R fRa Husadl o
fae]d aTeh g1 3cUd Bl &l

§TGC (Construction) : ZFAWBIHR H fagld
T g1 &1 3TAT-371T [ I U &1 dlg Dl
I3 W WUCT STdT &l Uh
?;%nput%ﬁ? En?n}ﬁ Igé%ﬂﬁﬁﬁm@rimary)

(P) GEl (Output)
UaH &Rl & 98 fgdida ( Secondary) HUSHT (S)

HEATAT B |
(?Eﬁ ES! | e
Eary

1Y HUSH] DI TATdd! diecdl (Ep) b HTd A
B EIGIERICIEE TUT ygTadT aleedT
& Ald A g4 URyY I Yrafies alRkyy &1 1T
HREGIREH I ffa gcarad! areedr (Es)
UTW bl STl & TUT 30 @IS (Load) T ST 71T &l

fedia® Husal duT @IS I a7 ukuy &l Gdas
ufgy &er ST B

il
11111

ARAT (Theory) : 5Td Ep fag[d dT6h aof gad fepl
UATdcl Bd bl UTdfHes Huse! A ST 1T & al
O YATad] &R1 UdTied 8idl & Urdfiies Husal
%ﬁﬁgﬁmﬁm% %mﬁr
3 LRI
Ufad] qrehId Foickd Arqe I8d] 8l g8 uiRddi
DI Foier] fgcdtae H gradi fagd
qTeh g (Es) YRRel BT &1 HHT Np TUT Ns SHHRT:
U1t U7 fgdiaes pusieial & Wi bl I2AT
&l W18 T IS UTYMHD HUSH] &b BRI GRT STd
DI FAT ¢ Pl JUid: gl pus! A
TG PRI Bl

R TEH I URUT & Agard & 3R,
muﬁm%ﬁ?gﬁﬁtrﬁaﬁmaﬁéaﬁ

N3
Ep_ Np dt ................ (i)

fediaes it 7 ufvd fagld aresh a,
A IR, I, FTRES




Es =-Ns—- d¢

dt
HIHROT (i) § FHIBIOT () A YT S UR &H UT &,
Es _ Ns
Er»  N»
Es _ Ns _
OI’, EP - NP _K

Es
Where, K= E = Turn Ratio or Transformation Ratio
P

Case(): 3TTATT TABIAR & feiT K < 1 80T 39
fafa o

N <N, AT E < E,

31yiq, frfd gdmadt dieedr « fHafit gmadt
grecdT

%ase(ii):ﬁm"raﬁﬂﬁﬂ? & fg K >1 8 59 fRafa
NS> NPT‘WT ES > EP

3yiq, frfd vdmadi dlecdr > Haft gmadt
areedT

Tl 31TeRf AR & Ty (53 Bis 1t &1

el 8Ieih),

et erfaet =AM 2rfe.oconen (i)

HIET L, 7T I ShHRT: UTA A T fgdtuds pusfaial
Qe

G 1 aTett e 8|

GIRBUCRICSEI AN

IEENINICTEI NS

TAHIHROT (i) 3,

Esls=E:I»

or, ES %Z ............ eqn(iv)

or, Eaf%
THTEHROTERTTc & o AT 2T TR o1

& o, IRT TeH W dleedT dgdl & adT &RT g4

TR dieedl gl 8l

37d: dieedl ¥ Saar @y 8ian 8, gt

AT B 31 &1 817 81l & aUT 30ehT faudd ot

T &l s9fey 3T SramiiR UTdad] &RT dT

"eTd §U UdTad! dleedl Bl deldl & adT 37qdrdl
gerdr gl

fopet TITWHIHR & Ty, G&rdT (efficiency),

_ Output Power  El;
7= “Input Power  Eolp

ot 31TeRT T THIHR & MU, T&rdT 1 = 100% BIdT
& IR fordl aTasTivas AR & feTy, G&rdT 90

HefT-12 (N

A 99% AP Bl &1 T8 cr1ial & fob TR IR ¥ o
H311 &1 8l 2

519 CTAWBHR T w8 obIg A ufiadf A
g foeuT STTaT & a1 YaR gRTy 39 8l &l ¥
AR IRTU @18 T 1S T 35T 397 diall & e
F371 b &1 &1t 81 37 371 81 Y uefed «ils
I3 (laminated iron core) & 3991 gRT HH fopar
ST ghdT &l Uefed o1s o 9dR &RTU & &1 3711 &
aﬁ%@;aﬂgéswwqﬂﬁﬁaﬂgﬁmw
[ |

Solid Core Laminated Core

with laminations
low Eddy Currents

with no laminations
high Eddy Currents

Q 22. Explain various energy losses in the transformer.

Ans:- The various energy losses in a transformer are as
follows.

(@ Copper losses: Energy lost in windings of the trans-
former is known as copper loss. Primary and sec-
ondary coils of a transformer are generally made of
copper wires. These copper wires have resistance
(R). When current (I) flows through these wires,
power loss (I’R) takes place. This loss appears as the
heat produced in the primary and secondary coils.
Copper losses can be reduced by using thick wires
for the windings.

(i) Flux leakage losses: In the actual transformer, the
coupling between primary and secondary coils is
not perfect. It means the magnetic flux linked with
the primary coil is not equal to the magnetic flux
linked with the secondary coil. So a certain amount
of electrical energy supplied to the primary coil is
wasted,

(i)
(a)

Iron losses. These are grouped as below:

Eddy Current losses. When a changing magnetic
flux links with the iron core of the transformer, eddy
currents are set up. These eddy currents in the iron
core produce heat which leads to the wastage of en-
ergy. This energy loss is reduced by using laminated
iron cores. Eddy currents are reduced in a laminated
core because their paths are broken as compared to
solid core.

(b)  Hysteresis Losses. When alternating current passes
through the primary coil of the transformer, the iron
core of the transformer is magnetized and demag-
netised over a complete cycle. Some energy is lost
in magnetizing and demagnetising the iron core.
The energy loss in a complete cycle is equal to the

area of the hysteresis loop.

This energy loss can be minimized by using suitable
material having a narrow hysteresis loop for the
core of a transformer.
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Q 23.

(iv)  Losses due to Vibration of core. A transformer pro-
duces humming noise due to magnetostriction ef-
fects. Some electrical energy is lost in the form of
mechanical energy to produce vibration in the core.

TIaBrHR A #1 ard! fafis Haf sifaal & aasnsl
fpeY eiawHR o 819 9Tt fafes Harf erfa A &)

(i FITFEITIEETET(Copper Losses):ﬁﬂﬁﬁ?%ﬁﬁﬁﬁﬁ
arett 35311 81 &1 dlfbich &1 @ed & BN
BT uryfies auT fgdias Husfeal JmH=Id: did
HT IRY BT 1 Bl &l 37 die BT dRY BT gfaRier
(R) BTT &l 579 39 dR} ¥ &R () YaTfed ardl
&, a1 21faa g1f3 (i°R) B Bl T8 &1 uTafis
auT fgduss pusfordl f HWT 345 B FU o
&Y ST A | &1 1o 81 P HIC dR Ugad
P HH fopaT 3T b &l

(i) TFTaRT BT (Flux Losses) : SATTETIReD STIHABIHR
H, uryfies qur fgdiae q g
(Coupling) T&T T8I &IdT 31 mmm
q gy A feefiues pusatt
qofe: Trager T SraT 37a: U Huset oY
gma‘%n%ﬁqa%ﬁaﬂwmwﬁw

I

(iii) & BT (Iron Losses) :
(@ YdR ORI B (Eddy currents losses) : 3d

CIAHIER & @ie ®Is A gRad! ?ﬁlﬁn
TeTaRT TG fadT STTdT 8 Al R gRTU 30
B & 3 YaR IRTY @18 BT pIg T HT 3T
HAT & 5 31 a1 Bt 81 39 At
BT Y Uefoid ™18 ShIg (laminated iron core)
& 3TN gRT HH foha1 51 FepdT 8l uefad
@IS I IR &RTY HH 8 AT & i a1
gﬁgésammqﬁﬁaﬁgﬁmw;—daﬁ
|

b AfTeg s (Hysteresis Losses) : 51d STABIR
&1 Ui pusell § gTad! oRT yatfed
il 8 a1 gHamIER ﬁg%@%ﬁﬂﬁaﬁg
qrafehd dUT Irafhd |
G2l adT A Bzl
B o o o o s o ot
& U 91T (Hysteresis loop)@THA &
§RTER 81T 8l

(iv) ohiS & HHT & HRUT B (Losses due to
vibration of core):

QP 3TMBRI<R A (magnetostriction
effectt B BRUT CIABIER HADE i
(humming noise) 399 &dT &l hIs T BT
3T B b Ty o fagld Haii H gifFs
%ﬁ%mﬁmﬁﬁaﬁﬁél

Describe the principle, construction and working
of an A.C. generator with the help of a labeled
diagram.

Ans :- An electrical machine used to convert mechanical

HefT-12 (N

energy into electrical energy is known as AC
generator/alternator.

Principle: It works on the principle of electromagnetic
induction i.e, when a coil is rotated in uniform
magnetic field, an induced emf. is produced in it.

Construction: The main components of a.c.generator
are given below:

B \‘-"C lron core
. Y

(i) Armature: Armature coil (ABCD) consists of a large
number of turns of insulated copper wire wound
over a soft iron core.

(i) Strong field magnet: A strong permanent magnet or
an electromagnet whose poles (N an S) are cylindri-
cal in shape used as a field magnet. The armature
coil rotates between the pole pieces of the field
magnet. The uniform magnetic field provided by the
field magnet is perpendicular to the axis of rotation
of the coil.

(i) Slip Rings: The two ends of the armature coil are
connected to two brass slip rings Riand R2. These
rings rotate along with the armature coil.

(iv)  Brushes: Two carbon brushes (Bi and B.), are
pressed against the slip rings. The brushes remain
fixed while slip rings rotate along with the armature.
These brushes are connected to the load through
which the output is obtained.

Working: When the armature coil ABCD rotates
in the magnetic field provided by the strong field
magnet, it cuts the magnetic lines of force. The
magnetic flux linked with the coil changes due to
the rotation of the armature and hence induced
emf.is setupinthe coil. The direction of the induced
e,mf. or the current in the coil is determined by the
Fleming’s right hand rule.

The current flows out through the brush B1 in one
direction of half of the revolution and through the
brush B2 in the next half revolution in the reverse
direction. This process is repeated. Therefore, emf.
produced is of alternating nature.

Theory: Consider the plane of the coil to be
perpendicular to the magnetic field B.

Let the coil be rotated anti-clockwise with a constant
angular velocity o as shown in figure below.
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Then the angle between the normal to the coil and
at any instant t is given by

So,The component of the magnetic field normal to
the plane of the coil = B cosf = B cosot. Magnetic
flux linked with a single turn of the coil = (B coswt)A,
where Ais the area of the coil.

If the coil has n turns, then the total magnetic flux
linked with the coil is given by

®=n(B coswt)A=nBAcosot ... (ii)

According to Faraday’s laws of electromagnetic
induction, the induced em.f. produced in the coil is
given by

c :_((117(? — w — nBA(CUSlnwt)

or, € = nBAwsinwt .......... eqn (ii1)

Thisis the expression for the induced em.f. produced
in the coil at any instant t.

Induced e.mf. will be maximum (i.e.e=¢ ) if sinot = 1.
From eqn. (iii), we get a maximum value of emf.
g,=nBA®
Substituting the value of egn. (iv) in egn. (iii), we get,
LI ()] —— (v)

Instantaneous current in the circuit is given by,

d= % = %sina}t .......... eqn(vi)

where R is the resistance of the circuit.

When the coil is rotated from its position at right
angle to the magnetic field through 180°, the
induced emJf.and the current increases from zero to
maximum (g ) and then decreases from maximum to
zero in the same direction. When the coil is further
rotated through the next 180° the em . and current
rises from zero to maximum and then decreases
from maximum to zero in the opposite direction.
Current supplied by an a.c. generator is sinusoidal
like its emAf.

ie, I =1I,sinwt

: ATHIfpd 3TG HT TeTgdT A UdTddl gRT ST &

fgeia, ¥ra= 31k SrfvoT! &1 gvfa AU

HefT-12 (N

3R -gifAd Hatl &I fagd

{ Hatt ¥ gikafdd B areft
fagld 7:fiH &1 UdTad &RT 517 @ed o

ffgar (Principle) : T® { JhIT U0
(electromagnetic induction) & ﬁ?ﬂ'l-_d W B
&l &l 34T 5Td feht PUsH] I HAFY (uniform)
grahIg &9 § ST & A1 s uikd fagd

aqTedh g1 34T 2l

§TGC (Construction) : TTAT &RT ST b THE
e U E |

B \.-/‘C  lron core
4

() 3R (Armature): 3TTHAR HUSH! (ABCD) I b
w18 & IS IR Tde[d Aefl e hY TR & g8 A Bl
P TUC &R FAT ST Bl

(i) UfGRMTET &5 Yrhb (Strong field magnet) :
WW(NHWS)WTH;T%?RH@

qrih 37YdT g qb

0 ¥ g a1 ST |‘3ﬂﬁﬂ?@§ﬁm§mm
& €[d WUST (Pole pieces) b HEH YU bl &l &
Yrech A 34T AT FIhIg & HUSel &b gui
3&f & wrIa eI 8l

(i)~ FUTTeTT (Slip Rings): 3TTHTR PUSe! &b 11 R BT
TTTe (Bass) &1 &) AUTGeTd R1, TUT R2 F 51T ST
& 4 AUTaeTy TR HUSH! &b ATY Ui i &l

(iv) 2T (Brushes) : &1 STe §2T (B1 TUT B2) AUTTeTT &b
I H 3&d Bl [ 3 FOT & T 2T IATS
mﬁwﬁ%laﬁaﬁ%wﬁ%wgﬂm
T | I8 Bl  §R1 @IS A TG 6 © o
ot urea fopa sira 81

$Tﬁﬁlﬁ90mlﬁi|§\_:rvorking) : 3ld %Imﬂﬂ? @Ug&glﬁABCD

ICHK TP GIRT 30U

Pl & dl g8 oI 3G DI &l

3R & GUiT b HRT RELSEE)

Tl gRafcld 81T & duT $Afeiy Huset o Ufvd

fae[d aTeh acf 30U Bl 8l ¥ ofyd fagq

gTech g 37YdT &MRT ol fERT T fHTT &b <1 &1y

?’fm (Fleming'’s right hand rule) I Feffa &1 Tt
|

Usel 37¢eTeh W R §27 B1d Uh &1 § yariad
BIcT & TUT GIR 37Gedsh § &R §:1 B2 A faua
e & BT 81 g8 ufehdT eITTaR Forcht
&l 8l 37 3cU 811 dTadl &RT U1t 8lell 8l

RIger=t: Ueo & T bl DTl hIfSIy 31T
GrahIg & B b (a6l HHT HUSH! bl arHTdd
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feam o, HIofig am o A A A &,

q fopH &IUT 't UR HUSH] &b 3T AT B & HEA
HIUT BT UIRHTOT f5ad &1

PUSH! & Tl b oIrdc JrIhId & &b T Bl
HTH =B cosf = B cosmt.

PUSH! & UPH @UC (turn) A 33T §3M TEHIT

%ﬁqﬂg = (B c%smtm A %?r RErZuI
| HUSH! H n 9 PpUSHl T [T §31T
T i fFprad @l
O=n(B cosot)A=nBAcosot ... (ii)
I=1s & fagd UR0T & ITTAR HUSe!
307 URd emf. { &I

=-((11—({_5 = —d(nBﬁfoswt) = nBA (wsinwt)
or, € = nBAwsinwt .......... eqn (iii)
g T fHIdt &o7 ¥ IR 399 IRd emf. &
W@ﬁv ST B

R em.f. BT TRHTOT HeTH BT (37UTC, e=¢) TS
sinot = 1; 37d: FHIBROT (i) ¥ em.f. BT HedH A
Awad sl

FHIHROT (iv) BT A FHIHROT (i) o gfafua
PR,

g=¢, Y 110) Sp— (v)

ufioy ¥ aiftie arT fFw are A S 51 I 2

I= % = %sina)t .......... eqn(vi)
T8 R, URUY &1 UfeiRre B

5Td PUSHT FHDIUT H YhHd BIhR 180° b BIcil
& 9 UfRd em . &1 9 A A T60H (¢) T 3
1T o 9@dT & YT 50 916 HedH 3 T db 3T
&= o gedT 81 519 HUSHE! Y: 180° A UIRBIHT
Il @ O em . TUT &RT A A 3fAbdH dd dgdl
& 3R 3P q1e 37fedman A L d@ fausia fam
T ged! YTl gRT ST gRT &l T8 &RT Bl
ATt emf. & AT ST Gb1Y (sinusoidal) BT & |

ie, I = [ysinwt

Find the expression for power of an A.C. circuit
containing L,C and R in series. What will be the

power of a circuit having (i) only R (ii) only L and
(i) only C?

Ans:- Power dissipated in an a.c. circuit is the product of
r.m.s. value of voltage and component of current in
phase with rms. voltage.

Let in a series LCR circuit, the phase difference
betweencurrentandvoltagebe ®.Theinstantaneous
values of voltage and current in LCR circuit are given

by
V=V,sinwt and I=I,sin(wt+@)

So, Instantaneous power input to LCR circuit is given
by

P. = VI = V,Lsinwtsin(wt + ¢)
= V, L, sinwt[sinwtcosp + coswtsing |
since, sin(A + B) = sinAsinB + cosAsinB

=V, [sin’ wtcosp + sinwtcoswtsing |

=V.L, [sin2 wtcos@ + —ZSlna)écosa)t sinqb]

sin2wt

5 sin¢] ............. eqn(i)
sin2 A = 2sinAcosA

=V,IL, [sinza)tcosqS +

since

The average power over a complete cycle of ac
through LCR circuit is given by

Using equation (i) in equation (ii), we get

Volo [T sin2atsi
P = %Jé [sin2 wtcosgp + nfngb]dt

o (T T sin2wtsi
:¥[~é‘ sinzwtcos¢dt+£ szsmgbdt]

Vol T ing (T si
=7 O[cos¢ .A’ sinZ wtdt + SHZI¢ A‘ Smgwt dt]

T
........ eqn (iii)
T T, -
since , ”é sinzwtdt: Jé Mdt

1 T T
=7[£ dt'£ cosZwtdt]

_1 _T
_2[T'0] 2

T
and sin2awtdt = 0

So equation (iii) can be written as,

\YAH T sin
P=—F {cos¢><7+ 2¢><0}
c0SP = Vi COSP

_ Vo Io
FHNE3IRA, I, RS
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Here,cos® is called power factor.

Pis called True Powerand V__ 1 is called apparent
. rms rms
power or virtual power.

Caseli) : A.C. circuit having resistor only
In such a circuit, phase angle @ = 0.
True power dissipated

P=v_ I cos®=P=V I coso=P=V I
So, True Power=Apparent power

Caselii) : A.C. Circuit having pure inductor only

In such a circuit, the angle between voltage and
current is ® =11/2

i.e. Power dissipated P=V_ 1 _cos®

rms rms

P=Vv 1 cosm/2=0

Thus, no power loss takes place in a circuit having
pure inductor only.

Caseliii) : A.C. circuit having pure capacitor only

In such a circuit, the angle between voltage and
current is® =11/2

i.e. Power dissipated P=V_ 1 cos®

rms rms

=P=V_ 1 _cosm/2=0

Thus, no power loss takes place in a circuit having
pure capacitor only.

Q 24 : LCR A0 yaTadt &mT afkgy o afea & fay dsie
ead HIfFy| afe aur a1t 519 afga F () BaeT R
(ii) FareT L 311 (iii) aeT C [3TE 2

3R ;- HMET LCR J01T gfay H &R1 99T dieedl § hal<i?
® %l LCR Ufyuy I giecdr duT &RT &l dreifoid
U 39 YR fear Arar g |

V=V.sinwt and I=Lsin(wt+¢)

LCR gfyuy # f4afrd dreifuies 21faxd 39 bR &1
51T gehd] B

P. = VI = V,Lsinwtsin(wt + ¢)
= V, L sinwt[sinwtcosd + coswtsing |
since, sin(A + B) = sinAsinB + cosAsinB
= V,L [sin’ wtcosg + sinwtcoswtsing |

= V,L,[sinwtcosg + ZSineicoset

) 1n¢]

=V,I, [sin2 wtcosp + %Msi

since sin2A = 2sinAcosA

LCR UfRay & wTac €31 & Ueb Ut Ieh ol 37t
21foRT 39 YR &Y ST Bl

THIHRT (iii) P 5T PR A @I ST ABATE |

HefT-12 (N

Using equation (i) in equation (ii), we get

Vol T sin2wtsin
P = %_é [sinzwtcosgb + nflqs]dt

Vol T T sin2wtsin
= %[.é s1n2 (utcos¢dt+j; 2¢dt]
Volo T 5 sing DAA T sin2wt
T [cos¢ A sin a)tdt+—2 Ty dt
........ eqn (iii)

T T,-
since,j)‘ sinza)tdt:Jé 1= cos2at
1 T T
=?[£ dt'Jé cosZa)tdt]

_1 _T
_2[T'0] 2

T
and A sin2awtdt = 0

= L’z{l‘iT cosgp = —VEL’ cos@

Vo % L,
25
& TR cosd BT AT UTich PHed &l

P! dIdfad e 3R V1= 39T 21fad
HET ST 8l

Case 1. de UfaRTE gl YT ] &R IRUY &, @
=0.8rar 8l

37Yid, oy gg 2fad, = P=V
P=V 1 cosO

rms rms

sing

P 2

o}

c0SP = Vi COSP

or, P=

I cos®

rms rms

=>P=V 1

rms rms

Case 2. de [GH URbcd ol TAT ! &R
ﬁ;ﬁ,aﬂmaﬁ'ﬂ ETRT ] AT PIUT O =11/2
|

YT, oy gg 2fad, P=V

P=V_ 1 cosm/2=0

rms rms

31ct: ha ol URehed ol TRYY H ahIg rferT &1
el &l &

Case 3. bd el [GEN HETIRA Jard AT ERT
gfeay & aieedl dUT &RT & Je Bl HIv O =
/2 BT &l

3Yiq, oy gg 2fad, P=V

P=V I cosm/2=0

;ﬁ:mﬁmﬁigwqﬁquﬁﬁ‘s‘ NIESEREKIN
|

I cos®

rms rms

I cos®

rms rms

FHNE3IRA, I, RS
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CHAPTER-8

ELECTROMAGNETIC WAVES

degd DI adil

TR v |

(b)  more than the frequency of radio waves
(©  more then the frequency of light waves

Q1. Maxwell in his famous equations of electromagnetism (d  more than the frequency of infrared rays
introduce the concept of Q5. TSI a3l HY mgﬁ»{g_
@  accurrent (b)  displacement current (@) 33T A T TgRI A A
(© impedance (d reactance by gy g by 3.11?{1'%[ J 3fas
Q1 HFHaw A faga gada & U uftga AN § (© YBT3 37fers
fued raomon yqa & # (d)  37avar fopRuT ol gl & 31fah
(@) FTad emT (b)  faRemaT emT Ans: (b)
(© ufderer ) gfderd
Q6. The highest frequency is-
Ans: (b) . L
(@) gamma rays (b)  Ultraviolet radiation
Q2. Conduction current is same as displacement () blue light (d) infrared rays
current |Wh|en the.source is - Q6. wad 31fE® Tgf et
@ only alternating current () TITHT it B b RET AT A
(b} only direct current © FrUBRIH () 37aRad RO &Y
(c) either alternating current or direct current Ans: (a)
(d) neither direct current or alternating current
Q2. o, —e Rt & 519 3N BT Q7. Used for photography in fog '
2. (@) polaroid (b) infrared
(@) odo ydTad! &M () ultraviolet (d)  X-rays.
(b)  dad fCT grT Q7. ®IEH BIETH & AU wgad e @-
(© I UATdd! &I T fe® ey (@ YIeRISS (b) 3TaRad
(@ AT T amT AT yTae Ry © ORISTHY @ x-feor
Ans: (o) Ans: (b)
Q3. Suitable radiations for telecommunication are- Q8. Which of the following waves has minimum
. . . wavelength?
(@ Ultraviolet, (b)  Visible light, . .
. (@ infrared rays (b) ultraviolet rays
(@ X-rays (d) Microwave
. 5 p () x-rays (d) gamma rays
Q3. GER ® AU 39qe ffHTors- as.  FmfafEd ¥ A few am B arrdef gan @ &
(@) TRTSTHT (b) G UBIRT : : .
o : @ AN (@) 3Tavar fopvol (b)  TRTSTHT fopRof
0 TR TTSeP! (© TR (d) 7T favoY
Ans: (d) Ans: (d)
Q4. The speed of electromagnetic wavesinvacuumis Qg, Suijtable for disinfecting water -
obtained from the following equation @  infrared b)  microwave
@ fo& b V& (©)  ultraviolet rays (d) yellow light
(© #Lg (d 16 Q9. T I HieTu] IEd & & AU 3ugaT & -
Q4. Frata 3 R G il B 9t B weor A (@ G BRI (b) T
T Bt & (© IR fasRot (d) oY R
@  HU.E, b V&, Ans: (o)
(c) 1 (d) 1 Q10. The energy in an electromagnetic wave is
Ho&o VHeEo (@ Wholly shared only by electric field vector
Ans: (d) Yy y by
(b)  Wholly shared only by magnetic field vector
@s.  The frequency of microwaves is - (0 Equally divided between electric and magnetic
(@)  less than the frequency of radio waves field
(d) Zero . .
HeafT-12 (1T — FMEIRA, A, TRES




Q10. U fagla g avm & 3t Q6. What are electromagnetic waves?
(a) W%ﬁmmmmqﬁwﬁm?ﬁ Q6. e gy ail @ 2
. Ans: Electromagnetic waves are also known as EM
(b) mw & 9ITR GRT EJ:UI[ REEIE waves. Electromagnetic radiation is composed of
3l & . electromagnetic waves that are produced when an
(© faggd 3R &9 & dT FHHE FU A electric field comes in contact with the magnetic
ICEUER g field. It can also be said that electromagnetic waves
d T are the composition of oscillating electric and
magnetic fields.
Ans: (c)
ENEE % qIhIY T ﬁ EM FRTﬁ & ¥q H ot ST
Subjective Question (faroafs wan STt &l a2
| | RESUEG % qq 3 s‘l?’r’r % 519 Ie fagld &=
: : YghIg &F P U 1§ 311d1 &1 I8 Y He1 371 FepdT
Q1.  What electromagnetic waves are used to examine iy ﬁg\ﬁ e ﬁ%ﬁ 37t Wq a5t B
the crystal structure of solids?
. _ _ T om—iagmu—uél
Q1 oI & fipved IRTT Hi 51w & AU S A1 faga
qma'ﬁ‘qmrﬁaﬂyqq’mﬁ;mm%? Q7. Which of the following is not a property of
. o .
Ans: X-rays are used to examine the crystal structure of electromag.netlc waves? Explain it. L )
solids. Q7. Wﬁﬁaﬁqmﬁmq@ﬁwmquﬁ
IR Ul B e TRaT 6 5119 & iy Ui PraE e
&1 3UTTT faaT 31T 2 a) speed(TTfd)
Q2. Electromagnetic waves are ______ waves. b) energy(331f )
Q2 fre@gmdmant _____adi e # <) pressure(&dTd)
IR A Ans:
Q3. Which section of the electromagnetic spectrum @ EMwaves canimpart momentum (an(?l angular mo-
. . mentum) to the material it interacts with.
is absorbed from sunlight by the ozone layer? b Elect Ny EM
ectromagnetiC waves carry energy. waves are
Q3. IS R gRT ﬁ%ﬁ maﬂ S |1 9T the only waves capable of carrying energy in a vacu-
4 & USRI A 319 Aar# um.
Ans: Ultraviolet rays are absorbed by the ozone layer. c)  EM waves also exert pressure, which is shown by a
IR mﬁw mwm 31a2NTRa &) & radiometer. One side of the panels is black, the other
' side is white and the pressure difference under the
Q4. Electromagnetic waves are generated by ________ light causes the panels to rotate.
particles that are in the state of acceleration. d)  EMwaves do not carry heat energy but any EM radi-
Q1. fi A ¥ grr et & 3 ation can heat an object if it is absorbed.
@Rt o fRafa o 8t 21 ESEE
Ans: electrically charged a)  EM a3t 3 i Y 4 (37 1ot Iam wer
PR Al & f5Tads A1 U8 YRR fopaT ot 8l
ESKECEGEICIRG] .. \ N
b) DY T 3311 o STTell €l EM a1 UpAT
Q5. Write some properties of electromagnetic waves? 1 & 51 afd & FHif o S o Ham E
s o EM Tl Y <919 STed & 31 U AR g
Qs. faera gEdE ol & $o Ul fAfeg? fezamar AT 81 U@ BT U Ul BT &, GART &
Ans : TS 8 3R USIT & A ca1@ & AR B BRI
(@  These waves travel at the speed of light. ATt gl B
(b)  For propagation of these waves medium is not re- d EM TR H1 H311 T80 of STdl & wifes ig Y EM
quired. fafasRor 3raNfd 8 W fopall g% &1 T %
(c)  These waves undergo interference and diffraction AT Bl
and can be polarized. Q8. Make a spectrum of electromagnetic waves and
33 write the properties and uses of its different parts.
(@ U T YBIRT B A A Tead 8l Qs. ?;gv avﬁaﬂavmmams'ﬂaaﬁﬁﬁ
(b) & A<t & HERUT & fAU HIEAT BT HTaRYDBAT 6T & T[OT U4 37T @i |
&I &l Ans: The electromagnetic spectrum is a range of
(© I Tt Afdeor 3R faad F Rt § 3R =% frequencies, wavelengths, and photon energies
gdiepd foaT 311 AasdT &l that cover frequencies above 1 Hz to 10% Hz
HeafT-12 (1T 752 FMEIRA, A, TRES




corresponding to wavelengths that are within the
spectrum of electromagnetic waves for a fraction of
the size of an atomic nucleus.

The electromagnetic spectrum consists of a
period of all electromagnetic radiation with further
subranges commonly referred to as parts. These
can be further classified as infrared radiation, visible
light or ultraviolet radiation.

Electromagnetic waves in the electromagnetic
spectrum

The entire range (electromagnetic spectrum)
is given by radio waves, microwaves, infrared
radiation, visible light, ultraviolet radiation, X-rays,
gamma rays, and cosmic rays in increasing order
of frequency and decreasing order of wavelength.
The types of radiation and their frequency and
wavelength ranges are as follows:

Type of Radiation

Frequency Range (Hz)

Wavelength Range

gamma-rays 10%° - 10%* <10™m

X-rays 107 -10%° inm-1pm
ultraviolet 10%-10Y 400 nm-1nm
visible 4 X 10%-75x10" 750 nm - 400 nm

near-infrared

1Xx 10" -4 x 10"

2.5 ym - 750 nm

infrared 10" -10" 25 ym-25pm
microwaves 3x10"-10" 1mm-25pm
radio waves <3 x 10" >1mm

The electromagnetic spectrum can be represented

as follows:

—

e -
I v INFRARED

VISIBLE LIGHT e
A

RADIO WAVES
RADAR TV FM AM

[ GAMMA RAYS I H-RAYS
T
01

T
09,0001 nm 0,01 nm

T

10 nm 100D ey 0,01 cm

: Soiag e WaeH
I 3311 bl Yeb YWl

light emitted along with heat by our skin and objects.
In space, infrared light helps map interstellar dust.

X-rays : X-rays can be used in many cases. For
example, a doctor may use an X-ray machine to
take pictures of our bones or teeth. Airport security
personel use it to see through and examine bags.
X-rays are also released by hot gasses in the
universe.

Gamma-ray : It has wide application in the medical
field. Gamma-ray imaging is used to see inside our
bodies. Interestingly, the universe is the largest
gamma-ray generator of all.

Ultraviolet : Sun is the main source of ultraviolet
radiation. This causes skin tanning and irritation. Hot
matter in space also emits UV radiation.

Visible : Visible light can be detected by our eyes.
Light bulbs, stars, etc. emit visible light

[ @ def 3R
ST 1 8¢57 | 102 8
GEECal [ Y ShaR el &, T el P IFY
11 URHTU] AT Heh &b 3TTHR b Yo 320 b feiQ faeld
b1y Tl b WaeH o HIaR Bl &l

soideilfed Waen B Fxfl saeiifes YR3uH
1 3TafEr BTt 8, 5T 3 bl s BT MIAR TR
T} & ¥ H Fefid fosdT SiTar 81 $=6 3117 37aRad
fafesor, gz gasrT a1 WIdTHT fafeswor & ¥u A
griiepd fopaT 31T ehaT &l

fagrd qradhra WaeH H fagd gradhig aat

Tt 351 (fae]d Grrehig WareH) 3TTqft & d¢d hH
Qa:rﬂ?qﬁa?'ﬂé & "ed HH § fSTY v, arshldg,
37aRer fafehuT, §RF UehIRT, Tegl-aTieic fafdpur,
T3, T foRont 3R ifege favon grT &
STTelt 31 fafeor & UhR 3R 39T 317gfd 3R
AT SHIPR &

HefT-12 (N

electromagnetic spectrum

We see the use of electromagnetic waves in our
daily life in the following ways:

Radio:Aradio basically captures radio waves thatare
broadcast by radio stations. Radio waves can also be
emitted by gasses and stars in space. Radio waves
are mainly used for TV/mobile communication.

Microwave : This type of radiation is found in the
microwave and helps in cooking food at home/
office. It is also used by astronomers to determine
and understand the composition of nearby galaxies
and stars.

Infrared : This is widely used in night vision goggles.
These devices can read and capture the infrared

Type of Radiation

Frequency Range (Hz)

Wavelength Range

gamma-rays 10%° - 10** <10™”m

X-rays 107 -10%° 1nm-1pm
ultraviolet 10% - 107 400 nm-1nm
visible 4x10%-75x10"% 750 nm - 400 nm

near-infrared

1X10"-4x 10"

2.5 ym - 750 nm

infrared

10-10"

25 pm - 2.5 pm

microwaves

3x10"-10"

1mm-25pm

radio waves

<3 x 10"

>1mm
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Tesag VISIBLE LIGHT e
— ST

MMA RAYS ] X-RAYS ] lJ\:TF i 7”\‘ FFFFF D , [ KQ:J»:HI ‘:AD:E;::M AAAAA )_“\" ‘
: o W ;
faed qradhig auigsn
g 310 & Sfia § dgdgaddra avmt & 3ugm
BT 9 JpR A <& &

3 : Uos AW g T A ASAT a0 B ghgdn
B 31 YfSaT MY gy wanfva Y ST Bl 3aied
¥ Y 3R aRY grRr oft A a 3@fEia oS
Tl &l 3T T BT 39T q7F FY A A1/
maTsd IR & Ay fosar siTar 2

HAISHIdd : 3T UHR I fafpror Arseida ¥ gram
ST & 3R /eIy § IET ghH § Aeg
AT &l STDHT 3TN @Tfdal gRT 3TT-91d HT
TR 37R dRY &1 TR &1 Faffea s
37k IHsM & fou off fosar sTan 21

IBIRS : Y& AT5¢ fast- MITTed B ATUD £ I 39T
foaT AT 81 ¥ f3aTss ey ot 3R a3t gwr
THY & FTY-[TY I IIPINE ™ISe DI Ug 3R
HER T DA &l 37ATE H, TS AISC SeC o
€1 &I HY = 1 Aeg dHedl &l

THI-Y : s HTHAL § Jag-2 Bl THTe fopar 511
AhT 8l 3CTeR0T b fIy, Ueh Sider sHIRY &fgal a1
gid] &1 d R @A & ey gag-2 9:fi= &1 3uan
R HehlT Bl &ATS 313 b FR&MT HHI FHBT 3TN
I & 3R-UR WA 3R 396 579 A & AU
R & oY oY seris ¥ 1 Y grT S fhu
ST 8l

I : R & 0 g8eT Ars AT
TTHT-Y SRS &1 39T 8H1R R & 3iex e b
forg fosaT 1Tt 81 o=y a1a 1E § fo& setis Taft
BT I F57 THT-fH0T 576 &l

QRIS : JF WRIETHT {301 o1 0 Aid 8l g0
Rep ST 3R ST 81t 81 3tafer o mif uerd off
gd! fafasror 3Af5Td SR &l

SRUAM : BART G GRT YA UhIRT BT Ul
TTTET ST AT 8l Uh1RT dod, TR 371 G YahIRT
3d B &l
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CHAPTER - 9 RAY OPTICS AND OPTICAL INSTRUMENTS
fh 0T YehTiRIhI Ud UhIfRis I
s U | & -3ue o &t apar 10 10 A 31 15 A E
gmmﬁmml.sﬁ,ﬁmm
1) A virtual image.larger than the object is forn".led in @ 303 (b) 24 Y
(@  Convex mirror (b)  Concave mirror © 12 T ) 24T
(©)  Plane mirror (d)  None of these
Ans- (c)
aﬁﬁagj 3 J 8l 6) The image formed by a simple microscope is-
@ 3aciedorl (b) 3T YoT | g yasimp P
(© FHd gqoT @ THIBE TR (@ imaginary and erect
(b)  imaginary and inverted
Ans-  (b) (© realand erect
2) A ray of light bends when it passes from one medium (d)  real and inverted
to another. The bending of a ray is called. SR
(@) Interference (b)  dispersion U |3 ?L\&l:lﬁ?ﬁ‘@twgm &
(©  refraction (d)  eflection @ o a it
(b) PIeUfdeh d 3eel
U °H1eA9 A H1eA" § 57 TR YHIRT DI {01 13 © ardfas T dr
ATt 81136701 & 3 Y HET AT &l e S ——
(@)  oTfAeROT (b)  gui- fagor A
(@ 379add (d) TRTEA ns- @
Ans-  (c) 7) The focal lengths of the objective and the eyepiece of
a telescope are F and f respectively. The magnifying
3) The refractive index of water and glass are 4/3 and 3/2 power of the telescope is-
respectively. The relative refractive index of water to (@) F+f (b) F-f
glass will be- ©  F/f ) f/F
@ 2 (b 1/2 )
© 9/8 d) 8/9 ﬁm’?m?ﬁaiaiﬁ'q%qas ayT AT H Brad gfal
. . HHRT: F AT f §1 el Y Taef ayan 8-
5ot 3TR Sia F ITIadiD BHRT: 4/3 TUT 3/2 Bl 5T @  Fif b Ff
&1 Hid & ATA& 3T enTl-
(o F/f (d f/F
(@ 2 (b)y 1/2
© 9/8 d 8/9 Ans- ()
Ans-  (d) 8) When the length of the tube of the compound microscope
is increased, then its magnifying power -
4) When a convex I.ens whose 'refractive index is 1.5 al_1d (@  increases, (b) decreases,
:gz:: I':::::_f is immersed in water (n=4/3), then its () becomes zero (d) remains unchanged.
(@)  becomes greater than f, ﬂ“‘ﬂﬁgf'“ﬂﬁﬁ el ﬁmmﬁﬁﬁﬁi,?ﬁ
3HD ITGEA &Hdl-
(b)  becomes smaller than f,
(0 remains unchanged, (@ el b Tl s
(d)  none of the above. (@ R[AES5 e (d)  3rafkafda wEd &l
3§ U 300 AW [SIHPT 39adi® 15 AT BIda gl Ans @
f%,ﬂﬁ@mm%(mﬂm,?ﬁ?ﬂﬁm@- 9) With increase in wavelength, the value of refractive index-
@  fHISTESAE, 0 .8 T e : E'i &, (@) increases, (b)  decreases,
(@ el &, @ FTH A BIS T (¢ remainsunchanged, (d) none of these
Ans- (@ @ & o ggfar & |1y, 3Tyad-ie &1 aF-
(@ dears (b) "cars
5) The radii of curvature of a bi-convex lens are 10 cm and j . !
15 cm. If the refractive index of its material is 1.5, then (©  3Tufafdd & %v (d) gﬁﬁaﬁgqﬁl
its focal length will be- Ans- (b)
(@ 30cm (b) 24cm
(0 12cm (d  24cm
HeafT-12 (1T 755 FMEIRA, A, TRES




10) In the absence of atmosphere, the color of the sky (c) Frequency of light in vacuum is,
would be visible from the earth - c
(@  Black, (b)  Blue, vi= 7
(©  Orange, (d)  Red Substituting the values,
3@@]’% 8
ﬁméaﬂT 5893 x 10 ;
(@ Il () e, Frequency of light in water is,v,= -
. ﬂ 2
© ’ (d) el Substituting the values,
- 8 -1
Ans (@) = 2.256 x 103 ms =5.091 x 10" Hz
4431 x 10°1°
Subjective question (fAwafs wsn
J 9 Ll | The results show that the frequency remains the same in
1) The wavelength of light from sodium source in vacuum all media.
is 5893A.What are its (a) wavelength, (b) speed and (c) — - .
frequency when this light travels in water which has a M- @ L »M=1
refractive index of 1.33. faafa o qamest, 1 = 5893 Al
frafa F Mfsam wa A g H @ dof 58934 #1 Bafa i, c=3x 105 m s
D! (@) T A, (b) fd 3R (0 smgf T E s aw .
UHIRT T o AT et @ F5est 3Tuadie 1.33 2 STef T 3TdciIh, n2 = 133
Ans - T T TehIRT hT T e, ho=?
The refractive index of vacuum, ni = 1 STeT o Ueh121 b T, va=?
The wavelength in vacuum, 1 = 5893 A. @ e 3R 3r9acie YAl I Haferd THIE0T &7
The speed in vacuum, ¢ =3 x 10® m s™! A, o,
o Eon
The refractive index of water, n. = 1.33 n
Rewriting, A, = n—’ XA,
The wavelength of light in water, A.=? 2
Substituting the values,
The speed of light in water, v2=? 1
, . o A= X 5893 A =4431 A
(a) The equation relating the wavelength and refractive index 1.33
is, ), = 4431 A
M_n (b  TIfd 3R 3Uadie gabic A TaTerd AHIHIT &2
Ao
- _n v n
Rewriting, A, = t xxl f = n—j
Substituting the values, Rewriting, v, = LI v
}'12 1
A= 1?3X 5893 A=4431 A Substituting the values,
b= 4431 A Vz_ll?3><3x103 2.256 x 108
(b) The equation relating the speed and refractive index is, v, =2256x 10°ms™!
v, n .
= ©  Fafad uerrd g,
. n _c
Rewriting, v, = t Xv, V= 7,
Substituting the values, Substituting the values,
1 3x 108
v, = 8 — 8 = ———=5.091x 10" H:
> T 33X 3 X 108 = 2.256 x 10 V1= 3893 X 1070 X z
v, =2.256x 108ms™' Frequency of light in water is, v,= X
2
Substituting the values,
8 -1
v,= 2230XNOmS _ 5 591 10 gz
4431 x 1071
gfRoT §dTa & s 3rgftr et wfifsar o 39 & 2
2) A glass lens of refractive index 1.5 is placed in a trough
of liquid. What must be the refractive index of the
liquid in order to mark the lens disappear?
HafT-12 (N 756 A IR, I, FTRES




Ans-

3)

Ans-

4)

Ans-

5)

Ans -

6)

Ans -

Ui 1.5 DY d I Ueb Td & 3@T 7T4T 8| &iH &
e 89 &) [fga o & fAy e &1 319addis
T AT ATEY ?

In order to make the lens disappear the refractive index of
liquid must be equal to 1.5 i.e. equal to that of glass lens.

W BT A B &b [\ U dRA BT TP 1.5 b SRI&R
BT 18U 374Td Bid & @i & ax76R 8471 A1fey|

A converging lens of refractive index 1.5 is kept in a
liquid medium having the same refractive index. What
would be the focal length of the lens in this medium?

39adi® 1.5 BT Ub U Ad I 3TUdddid
aTe od H1enw ¥ @7 A1 &1 39 "enw ¥ o | &Y
WHIhHH gII & T Eil?

The lens in the liquid will act like a plane sheet of glass

.. Its focal length will be infinite (co)

T O g i Dl Yo I9d™ 2fe Hl dRE B HaT
ZHhI Thlchd Gl 37-Td 1T (co0)

Write the laws of reflection of light?

YB1RT & WIadd &b fad faw »

There are two laws of reflection of light.

1. The incident ray, the reflected ray and the normal to
the reflecting plane at the point of incidence all lie in
the same plane.

2. The angle of incidence and the angle of reflection
are equal to each other.

THIT P WRIadd S gl g & |

1. ATafad fosvoraRTafda fomor auT wRiadd dol &
A T TR G 7a1 31f9ed 141 g & FAdel
R

2. 371U 10T 37R URTacT PHI0T IRER §RTeR &I &

What is refraction?

37qacd= T &2

Refraction is the phenomenon of change in the direction
of a light traveling from one medium to another or it may
be defined as the bending of a light when it passes from
one medium to another. It is caused by the difference in
optical density between the two media.

379ac U HTEAH 3 SR HTEqH H 1T a3 aTed] TabIRT
1 fe=m H gfac &bl TreT 8 41 53 UehIR1 b bl &b T
H OiRATISA fohaT 51T HehdT & 579 U8 Ueh HIEAH A GAR
qTeAw § STAT &l 98 & ATeqd) o s1d 3TPdhel g o
3R & HRUT BT 6l

What is the difference between reflection and
refraction of light?

UBT &b WIad 34 379ad= ¥ a1 3R &2

Reflection of light occurs when light bounces off a
medium. If the surface of the medium is smooth, then
the angle of incidence is equal to the angle of reflection.
Refraction of light is the change in the direction of light as
it passes from one medium to another.

Y121 T URTddT dd eIdT & 579 YhIel fpt areas 3
eHIdT &l gfE areny Y Tds el & a1 37m9dT BT
YRIGAT HIUT & SRTER &IdT &l UBI HT 379dd- Uh12T

HefT-12 (N

7)

Ans -

8)

Ans -

9)

Ans-

10)

(107}

ﬁﬁ;ﬂﬁuﬁaﬁq%ﬂ%u@wmmﬁgmmmﬁ
ST &l

Why do stars twinkle?
As light from a star enters Earth’s atmosphere, each
stream of starlight is refracted slightly due to the direction

being changed by the different temperature and density
layers in Earth’s atmosphere. That's why the stars twinkle.

S & UH aR A USRI ged! & IgHSH § YA Hl 3,
gl & argHse o gcd TRl

I 3TCT-3Ted 1T dTUHTH
ERT fE21 ¢ & HRUT dRI B UAH &RT 379dfdd &
ST #1 safey ar feafenra €

YT FadHid ol &7
What is the refractive index?

The refractive index is a measure of the bending of a light
ray when it passes from one medium to another. It can
also be defined as the ratio of the velocity of a light beam
in free space to the speed of light in a substance, n = c/v.

U FAdhih b UHIRT fahruT & b &1 Ueb 34T
% 519 9§ U H1eAd I gaR qreny | S1aT 8l 3% foset
e § Yh1R1 1 1Tl &b Herd TIT- H YpIRT fhur &b A
& 3T b ¥4 H Y aRuTid fosa ST AT 8, n = c/v

Define a simple microscope with its magnifying power
and uses.

mﬁq%maﬁaﬁmmahmuémas
a1y gfvifia Hif5gl

A simple microscope is one that uses a single lens
for magnification, such as a magnifying lens while a
compound microscope uses multiple lenses to increase
the magnification of an object. It uses a lens to magnify
an object only through angular magnification, giving
the viewer an upright enlarged virtual image. A simple
microscope has a convex lens of short focal length, which
is used to view magnified images of small objects.

The magnifying power of a simple microscope is given by:

m=1+D/F  where D =least distance of distinct vision,
F =focal length of the convex lens

U HTIRYT J&acRff 98 & 51 31aeq & fiu Uobe o
BT 3UUNT FRT &, 51T 37aeihd &g STaip Yeb ¥
Jearrerit fndl avq & T &I 9 & iy s wAl
T 3YGNT BT &l T8 had HIvig e & grend o
oY I Y 93T B & [T Ueb i b1 3UTNT T &,
537 =lep b U He agr g311 v O fierar &l
TR G&reR(T 1 BIET BIhH I &l U 3 id 8idT 8,
SepT 3UdIT BIET axq 31t & rafed ufaferat or &
& foiu fopan sTaT 81

gwqu&qaﬁa?rmdtr&mmmmaﬁﬁ
m =1+D/F 376l D = JITE 5fE B YAAT R,
F = 301 o1 bl hIcha g3l

A man with a near point of 25 cm reads a book with
small print using a magnifying glass, a convex lens
of focal length 5 cm. (a) What is the closest and the

FHNE3IRA, I, RS
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farthest distance at which he should keep the lens
from the page so that he can read the book when
viewing through the magnifying glass? (b) What is the
maximum and the minimum angular magnification
(magnifying power) possible using the above simple
microscope?

25 cm & fA@e fdg aTelt gab 3M1eHY 5 cm B (TS
& 3T M, Ub 3Taefes T BT 3TN b Bie fiie
areit U fopdra gear 21 (a) 98 fAbean 31k aed
B i 41 @ 5/ U1 38 &9 31 g8 A @A anfey
HTdeih M & HIEAH A @A WR I8 YIS DI Ug Hdb?
(b) WIS A F&R(T BT 3TN HIb 3Hferban
3R a9 PUig 3ae (g Afen T e &2

1 1 1

u v f

Substituting ,

r_1 1_1 1

u -25 5 25 5

_(-1-5)\__6
25 25
2

u:‘?s:'4.167cm

g8 FAbcan gt 5 IR afad qeds 3@ AhdT &, u =

-4.167 cm %

I R I G Wi & foiy, @ FHIAROTE, 1/v - 1/u

Ans- D=25cm;f=5cm;
'=1/f’
For closest object distance, u; the image distance, v is, -25 S = , , ,
cm. (near point focusing) ?aﬁ@$ ITeIE, Vu' =1/’ - 1/f
For farthest object distance, u’; the corresponding image STRATO, 1/0” = 1/e0 - 1/5; U = -5 cm
distance, V'is, V' = co (normal focusing) de m@mmﬁmmmg u’'=-5
(a) To find closest image distance, lens equation, 1/v - 1/u cm
=t (b) Frase foig B & 31ae Wis & AU, U =1+ D /f
Rewriting for closest object distance, 1/u = 1/v - 1/f =1+25/5=6
111 HHY B AT H 3ael WisH & Ay,
u v f M=D/f =25/5=5
Substituting ,
11 11 1 11) Establish the formula n/v-1/u=(n-1)/R for refraction of
v -5 5 —o25 5 light on a spherical surface (convex or concave).
(-1-5\__6 o<t MeT g8 ( 3T 31947 37add ) W USRI &
75 ) Tos HYad & fdU HqF n/v-1/u=(n-1)/R T1fa HIf501
25 Ans- The change in direction or bending of a light wave
uTTm 4.167cm passing from one transparent medium to another caused
The closest distance at which the person should can keep by the chang.e N waves speec! Is the Refraction. Suppose
— the below figure is a spherical surface. There is one
the book is, u =-4.167 cm . . L - .
medium with refractive index n and second medium with
To find farthest object distance, lens equation is, 1/V' - 1/u’ refractive index n,.
=1/f
There is an object O and a ray of light from the object O is
Rewriting for farthest object distance, 1/u’ = 1/V - 1/f incident on the spherical mirror. Since it is moving from a
o ) i rarer medium to a denser medium, the ray bends towards
Substituting, 1/u’=1/c0 - 1/5;u"= -5 cm the normal. Animage is formed and radius of curvature of
The farthest distance at which the person can keep the a s?hencal surface is R with the center C of the spherical
book is, u'=-5cm surface.
(b) To find magnification in near point focusing, m = 1+ D/f b ’ Denser (n,)
=1+25/5=6 Rarer (n,)
To find magnification in normal focusing,
o G c a [
m=D/f=25/5=5 u i R
p—,
3dr- D=25cm;f =5cm; ‘« v »
ﬁmqa%@a?ﬁau;uﬁﬁa v & -25 A °
(e fag )
A R B A il & oy, v Frdferd ufdfda gl v e v "u”is the object distance from a pole of a spherical surface
= oo (ATHTY Wl =T 4 . 4 4
) ! "V" is the image distance from a pole of the spherical
(a) v dn ufdfdd g, i IHIAROT, 1/v-1/u =1/ f surface
& fau
Now as we know that,
Aevedd a¥q @ & U geia, 1/u=1/v - 1/f _ o ‘ 4
n, is the refractive index of a medium from which rays are
incident, n, is the refractive index of another medium.
HafT-12 (N 758 A IR, I, FTRES




We get,

tana. = MN/OM

tany = MN/MC

tanf = MN/MI

Now, for A NOC,

i is the exterior angle.
i=ZNOM+ 2 NCM
i= MN/OM+MN/MC......(1)
Similarly,

r= MN/MC-MN/MI......2)

Now by using Snell's law we get
n sini=nsinr

Substituting i and r from Eq. (1) and (2), we get n/OM+n_/
MI=(n,-n )/MC

As,OM =-u,Ml=+v,MC=+R

Hence, the equation becomes n_/v-n /u=(n-n)/R

If first medium is air and second medium having refractive
index n with respect to air then n =1 and n,=n

Then equation becomes

n/v-1/u=(n-1)/R

3R - AT DI Tfd H uRad & HRUT U UReRlT A1ead
AR | ST Tl Yp1RT o0 &by f&R1 & ufkacd= ar qg-m
3uacH 8l 71 A0 A7 3epfd U MiddR A0
&l U ATeqH ¢ f3RIapT 379acAieb n, & 371R GERT A1eAH
ST 3UacAIP n, Bl U a0 & 3R IXG 0 A UPHIT
&1 foRoT Mieita gUoT R 31afdd 8rdl 8l i I8 favat
HTeqd 3 A 419 5 37 I8 8, AU o7 3fTee
T 3R g3 AT & 3R U ufafas st 8l

. A
Denser (ny)
Rarer (n,)
o 2 milp [ 2 [
u E R
TATHR TS hl debdl bl AT MATHR Tds & de C
HATUR B
" TTATHTR A & [ T g I gl &
"V TITATERR T8 &b U §[d A Ufdfad HI gl &
379 31T foh e ST & o5,
glwmmaﬂmaﬁq'm%ﬁwwma?ﬁ
{
n, GIX HTEHH ST 3T 8l
T U E,
tana. = MN/OM
HefT-12 (N

12)

Ans-

tany = MN/MC
tanf = MN/MI

319, ANOC & o, i afgspIoT 3
i=2NOM+ 2 NCM
i= MN/OM +MN/MC
A UDBR, r= MN/MC-MN/MI ...2)

319 U & 99 BT TN B IR 85 UT 81T &
n Sini=nsinr

%q“@riaﬂ?raﬁuﬁwﬁﬁml (1) 3R @), 87 9T B

....... (1)

n/OM+n_/Mli=(n-n )/MC
3, OM =-u, Ml = +v, MC = +R
gAY, FHIROT n /v-n /u=(n_-n)/R & STdT 8l

gfe gyH qeqH I1g 81 9T fgc 19 A1edH &1 a1g b HIUEf
HUadHid nEdl n=1ddqTn=n

37 gHIHROT A

n/v-1/u = (n-1)/R

Tt i & Y Pafa g7 v ST
1_ B S

f (n_l)[Rl R2]

stet fafis da | 3149t ¥ ugara 81
Derive the following formula for a lens

Where different symbols are used in the general sense.

The complete derivation of the lens maker formula is
described below. Using the formula for refraction at a
single spherical surface, we can say that,

For the first surface,

N W _—m

oD Do ()
For the second surface,

oL T

R R, e Q)

Now adding equation (1) and (2),

FHNE3IRA, I, RS
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mo_n

0 VPR U S I
vV o u (n2 ™) Ri Rz

:>1__1_:<ﬁ_1>[L_L]
v u n Ri Rz
When u=oand v="f
N
f ng Ri Rz
Therefore , we can say that,
1 _ IR
g 1)[R1 Rz]

Where n is the refractive index of the material.

This is the lens maker formula derivation.

placed in contact with each other. Let the object be placed
at a point O beyond the focus of the first lens A (Fig.). The
first lens produces an image at I1. Since image I1 is real, it
serves as a virtual object for the second lens B, producing
the final image at I. It must, however, be borne in mind
that formation of image by the first lens is presumed
only to facilitate determination of the position of the final
image. In fact, the direction of rays emerging from the
first lens gets modified in accordance with the angle at
which they strike the second lens. Since the lenses are
thin, we assume the optical centers of the lenses to be
coincident. Let this central point be denoted by P. For the
image formed by the first lens A, we get,

— = (1)
IR~ oI R T Bl Ot e fay ) afofa &1 voou b
srqa 3 SN - for the image formed by the
TUD MIhR e UR
BE TAhd & b, kS second lens B, we get
1 1 1
el Al & [y, P - )
s R e (1) Adding eqn (1) and (2) we get,
1 1
I Aas & Ay, % - % = % + %
% - % = % ,,,,,,, (2) If the two - lens - system is considered
1 2
379 FHIEROT (1) 37R @) P g'fi R, equivalent to a single lens of focal
% B % = (02" nl)[RL _ RL] length f, then
Co 111
L. 1 _(n_ )1 1 B
7>V u7<n| 1>[R1 Rz] v.ou f
When u=occand v="f so that we get,
Il _(n 11 1_1,1
Pl £ off
Therefore , we can say that, The derivation is valid for any number of thin lenses in
1_ [ 11 ] contact. If several thin lenses of focal length f1, f2, f3,.. are
£~ DR TR, in contact, the effective focal length of their combination
R is given by
1_1 ., 1,1
oife, (S T S
%wﬁu,mmm%%,mnmﬁmw'
|
g8 W AR BIHAT Fcaf 8l
I,
13) Derive an expression for the effective (equivalent)
focal length of two thin lenses in contact. .
b ¥ &1 Ude Wdl bl YHTET (A Bibd qaTs
& fiy a1t agead P IR - WIHA G f, 3R B S 0T A 3TR B R fGar 3 A 1
e TR & TS 3 T MY & A ABIY b aw T8t ol A
(T & Bievd A WX fdg 0 IR 3 18 8l UeetT oid [ IR
U ufafdd srar 81 gfos ufdfad [ adfae 8 78 gar
™ B & Ty Ueh MR a3 & 9 § 1Y Rl &, [
. R 3ifcH uffdd a1aT 81 8TeTifep, T8 e o 31 ST
T T1feU & uset i g1 wfdfda ot fAnfor dhaet Ferffea
F I Jaen & oy J=1 si7ar @ 3ifan gfafds &
TRl aRda ¥, geet «F A Ao areil foseorl ol
* fERM AR ™ F CH ITel PHIUT & 3TAR g STel!
8l Jfeh i T &I & SAfeTU 81 i & UhTiRIeh el
I HUTAT 7 & &l 37 Heryg fag ol p gRT A Ud &
U8 ™1 A GRT §HTS T8 Bfd & feiu s fieiar g,
Consider two lenses A and B of focal length f1 and f2
HafT-12 (N 75) A IR, I, FTRES




14)

Ans -

Eq (1) 37R (2 BT S5 W &9 YT PRl &,
11 _1 1

vV u fi f;

gfe & ©iF-YUTTeil T hlchel 0dTS f B Yobel o™i &
HHT AT ST &, dl

1 1_1
vV u f
a1fes &9 U &3
1_1 1
f 1

afd Fuh H fopat +ft I o udel ol & foig o
glafef,f, fom & B3 Id™ o1F Y H &, a1 37h a5
&1 TS Bl oTITS 3 UhR & ST &

r_1r, 1. 1.
Py T e

What do you understand by the condition of minimum
deviation of a prism? Find the following formula for
prism
sin[(A + 5m)/2]

sinlA/2]

g‘qﬁaﬁqa‘ﬁﬁlﬁﬁmmm?

n, =

BB

sin[(A + 3m)/2]
sinlA/2]

n
n, =22 =
2! n,

B C

Figure shows the passage of light through a triangular
prism ABC.

The angles of incidence and refraction on the first face AB
areiandr,

While the angle of incidence (from glass to air) on the
other face ACis r, and the angle of refraction or emergent
angle e.

Angle between the direction of emergent ray RS and
incident ray PQ is called angle of deviation .

In quadrilateral AQNR, two angles (vertices Q and R) are at

HefT-12 (N

right angles.

Therefore, the sum of other angles In the quadrilateral is
180°.

A+ 2QNR =180°

from triangle QNR,

r +r,+2QNR=180°

Comparing these two equations, we get
r+r,=A

The total deviation 6 is the sum of the deviations on two
faces

d=li-r)+le-r)
or,
o=i+e-A

Thus, the angle of deviation depends on the angle of
incidence.

60™]
\
\
= \
S
' \\
B 50—l \eem e
= ‘\\ .
(3 \
T © 0\
© :
i :
= 40 S e
< r=c¢
”. Ul .
<0 : B ——
0’ 20" 40° 60’ 80°

Angle of incidence (i)

A plot between the angle of deviation and the angle of
incidence is shown in above figure. We can see that,
in general, for any given value of, i = e, corresponds to
two values i and hence e. It is, in fact, expected by the
symmetry of i and e in the above equation, i.e. remains the
sameifiand e are interchanged. minimum deviation at 6 _

The refracted ray becomes parallel inside the prism to its
base. we have

8=0_,i=ewhichmeansr =r,
gives,

2r=Aorr=A/2

in the same way,

8 =2i-A,ori=(A+3 )/2

the refractive i[wdex of the qrism is
n, M _ sin| (A
sinlA/2]

The angles Aand §_ can be measured experimentally and

the refractive index of the prism can be determined from
it.

FHNE3IRA, I, RS
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B C
%ﬁﬁﬁtﬁﬁ =7 ABC & TTE0H A UhIRT &b T T goIfar
|

T Beldh AB TR HTUCH 3R 370dciH 1T i 3R r, &,
79 GHR BT AC IR HATUCH BIUT (b A a1 H) r, &
3R 31uac 1ot a1 17 BIoT e,

ffa faut RS 3717 3ufad faswor PQ &1 feem & S &1
DU i-a'd('H DI DBIUT HedTdl %I

TP AQGNR T, 2T HITT R Q 37R R TR) THGDIOT &
T 370 DIV ol IqaT H ATha 180° Bl

A+ 2QNR =180°

AT QNR 9,

r,+r,+7QNR =180"

& &1 FHIBRUT BT o1 B W3, BH YT B &
r+r,=A

e faaet, § faaet o1 a1 8 &) heied! WR,
d=(i-r)+(e-r)

gL, é=i +e -A

39 YHR, [T &1 HIoT 3mua H1o1 R 2R war &1

60"
s
L \
-~ \
S
0 ) S e o L REEETTEP PR TPRPPE
= \ :
(% \
< o\
° ;
& :
(PP RSP APP COPTRER. ~
= 40 S 3 0
< P i=e¢
30" Il il L 1
30 T s 0 T T
0 ) t > 0 e 0
0 20° 40" 60" 80

Angle of incidence (i)

UH 3@ faaeid o7 37k 37U BT & §g 3R
21T T B

&9 3 b & [, A TR IR, & fed f Ry Mo o
i=e P BIZMR c AAT i 3R ATAT e & I Bl U,
grEda ¥, 379fard &3uRiea IR0 § i 37R e T IHiATT
A, 3rufa g€t T&ar & afe i 37k e 3MUH N g€ AT &l

HefT-12 (N

GAaH fagerT §, |,
959 & 37eR 3ruafdd foszor AHMIAR 81 7T @
& 3MIR W
5=8_,izefFuBIHI By =1,
aaTE
2r=AqTr=A/2
EIGNRCH
5, =2i-ATT i=(A+35)/2
59 &1 37uacie 8
sin[(A+ 5m)/2]
sinlA2]
PIUTA 3R 5 I TANTTHB FU F HIUT 3T Aavall & 31

3W fUsH P 31ades Faabic ol FeriRor fopar 5
ADBATE |

n, =

B2

With the help of a ray diagram, describe the
construction, working of a compound microscope
when the final image is formed at the least distance of
distinct vision (D = 25 cm). Derive an expression for the
magnifying power (m).

fotor 3@ & wergaT |, Us fafda gererif &
HTAT, HTAYOTE BT qof B 519 ufafds we gfe H
g (D = 25 A W T Bl 37T anvar (m) & fAw
5T HcId BV

A compound microscope is an optical instrument
composed of two convex lenses of short focal length,
used to magnify images of very small objects up to 1000
times. The working principle of a compound microscope
is that when a very small object is placed just beyond the
focus of the objective lens, an inverted, virtual and highly
magnified image is formed. The image is formed at the
least distance of distinct vision from the eyepiece.

The compound microscope consists of two convex lenses;
A lens having short focal length and small aperture is
called an objective lens. The focus distance and aperture
of the second lens, which is called the eyepiece, is greater
than that of the objective. As the name suggests, the
eyepiece is placed close to the eye and the objective is
placed towards the object.

We can draw a schematic diagram of a compound
microscope as follows,

The image formed by the objective is real, inverted and
magnified and acts as an object for the eyepiece. This
object is magnified by the eyepiece to form the final
image which is virtual, inverted and enlarged. The first

FHNE3IRA, I, RS




image formed is near the focal plane of the eyepiece and
at a suitable distance for the final image formed at infinity.

We will first find the linear magnification by the objective
using tanp=h/f =h'/f

Thus, we have m = h'/h = L/f ....... (1)

Where, h is the size of the object, h’ is the size of the
first image, f, is the focal length of the objective, L is the
distance between the focal length of the objective and the
eyepiece and is called the tube length of the compound
microscope.

Now, we will use a simple microscopic magnification
equation to find the angular magnification m =D/f........ (i

Where, D is the distance of the final image from the
eyepiece and f_is the focal length of the eyepiece.

Now, the total magnification after the image is formed at
infinity will be

9 YBR, THR U m_ = h'/h = L/, ...... ()

STEl, h BT 3THR & h' Uee] BT BT PR &, f
TR B Biea il & L 3R 3R I i
qﬁw%@asaﬁﬂa%@%ﬁ?sﬁaqa@rmrém
ST 81

314, 89 DIV 3T m_ = D/F, ......(ii) 3T B P U
U TR P& 37Tae BT 3TN BT

s7et, D AfFe@r I 3ifaw sfd & gt @ 3R 1 AT H
BIhe MdTs &l

314, 317d R Bfd &9 & §1€ ol 3TGel 8N m=m, x
m_=L/f x D/f,

31a: Ffifa 3ifaw ufcafam &1 saRt 3iRat gr1 6@ &
R T 37T bl & 371R 31w ufafea &1 we gf &
W@ﬁ;ﬂh D =25 THT & AN A &b e <@l
T \ahdT 8l

16) A microscope has an objective and eyepiece of focal
m=m_xm,_=L/f x D/f, lengths 5 cm and 50 cm respectively with tube length
30 cm. Find the magnification of the microscope in the
Hence the final image formed can be placed by our eyes (i) near point and (ii) normal focusing.
close to the eyepiece and the final image can be seen . .
after adjusting to the minimum distance of distinct vision U HAISRDIT F S BT 41 30 cm & AT HAIA:
ie.D =25 cm. 5 cm 3R 50 cm BId FaTS &1 U 3ifigas 31k
_ At arar 21 () Freve fag 31 (i) T WisfET §
Ans- U Tifih ?%;qu?ﬁ U 3T 3uul & 51 BIe HTSHITHIY BT 3TTaET FATd HIFTI
DI TS ﬂmﬁﬁﬁwm%ﬁ'ﬂﬁw Ans- f =5cm=5x102m;f =50cm =50x102m;
§gd BICT a¥q3il &I Ufdfarl el 1000 THT deb JTafed ° e
& & AU faar s 81 Fifiies gemeeft o1 ol L = 30cm = 30x102 m; D = 25cm = 25x102 m
T'\?IEEII?T e %-ﬁ; T U 5 BIC! T I AR () The total magnification m in near point focusing is
(3iferfea oI & BIdA & 1 Y T ST &, A1 U € g P gts
3od), 3T 3R 3rafae 3mafda ufafds st m=m,m,
§9 ITedl Ufdfard AT QTR ¥ WE gfe HT gAaa m = mom :<L)<1+2)
[SURECE IR ¢\ f.
Tifie gemefl & <) 36 & 1 & U o T Biebw Substituting ,
PH TYT GRS BIeT 8IdT & 31 3THTea® (3Teifaca) _ _(30%10” L4 25X 107
T ®ed 8 QIRT o 5 AT Oftn wed & @ mmome T T 02 50 X 107
BIhd Gl d gReb AT 1 37941 3fae el 8l _ _
ST o T R Ut TotaT &, BB B 317 & B 3w ©)(1.5) =9
ST & 37R 31T aes ot 3itestae Y 37IR 3@ SATdT B
& U6 i ﬁ&qzc\)ﬁ ol WU NG 3T UHR (i) The total magnification m in normal focusing is,
ST DA & m=m m,
= (1))
ocusing 1S ,m — mome £ \%
= : Substituting ,
g hA "--ﬂb-\ fvepiece m = mom, = < 30 % 10_;2 )( 25 X 10:2 >
e — 3 e 5% 10 50 X 10
I: - = (6)(0.5) = 3
1?“"'“ 5 JR- fy=5cm=5x102m;f =50cm=50x107m;
L =30cm =30x102m;D=25cm =25x102m
3rfuferyess gRT a1 Ufdfare aRdfaes, 3oeT ayT fraferd Y Froe R Bre S ~
BT & qUT ABT & AU I BT B BT &1 37 I 0 fags AP FEETmE, m=m,m,
D! AT gRT 3MTafdid s 3ifan gfdfar ST ST
& 371 3T, 3T 31R &3 B &1 FAfia ussl ufafde
AT & Blded ddd P U & 3R 37d W g9 aTedl
3ifan gfdfde & fy 3uged Q@ R 8
&H UM tanp= h/f, = h'/f | BT TGN Hcb TTAGRUD GRT
G HTGE FATd BT
PeT-12 (ftfadhn T A EIREL, A, FIRWS




17)

Ans-

L D
= - R +_
m = mome (fo )(1 fe>

Substituting ,
_ _<30><10'2>< 25><1o'2>
m= mome = > )\1+ )
5X10 50 X 10
= (6)(1.5) =9

(i) ATHTE WBIBAT H ot 3MAET m &, m=m_m,

. . = = L D
focusing is ,m = mome. = (f_><f_>

Substituting ,
_ _(30X10'z><25><1o'2>
m — mome — 2 )
5x10> )\ 50 % 10
= (6)(0.5) = 3

Draw a labeled ray diagram of a refracting telescope.
Define its magnifying power and write the expression
forit.

Write two important limitations of a
telescope over a reflecting type telescope.

Hqade reril &1 AMifed fHoT 3@ a9 13Tl
FHD! @I &mar & akvfya Hif5g aar 89
foip ar=1as fefaml

refracting

WA YR & @Rl W 3dades et & ar
Heqof HHTY |

Light from a distant object enters the objective and a real
image is formed in the tube at its second focal point. The
eyepiece magnifies this image to form a final inverted

IR - R DI ax] A UHIRT 37AGuE | YaeT ol & 3R

H 3ddb ¢IR BIhd fdg W dRdide Ufdfars a9 &l
IfFer =g ufafds o1 3mafda ove ge 3ifaq 3@c)
IRICEEIGIE

3MaET T adT e, 3ifay Bfd gRT 3@ )
3tafea IvT g 37R avq gRT &1 a1 31R9 WR 3tafka wroT
o T 34T &l

m=-Bla=—h/f_f /h=—f /f

mwasmﬁﬂﬂwamﬁméﬁméﬁ

()  37Ydcich greRft I fauy A R & Fifh g a3

3TTHR & 01 T YN BT &l
(i) 93 AT P IMaTHAT 95 OB Bl & 37R
AU 30 ST HfS 8IdT 6l
HYcich GRd
Objective p—— f— Eyepiece

image. 18)
Magnifying power : The magnifying power is the ratio of
the angle  subtended at the eye by the final image to the
angle o which the object subtends at the lens or the eye.
m=-/a=-h/f_f /h=—f /f_
Limitations of refracting telescope over reflecting type
telescope: Ans -
(i Refracting telescope suffers from chromatic aberra
tion as it uses large sized lenses.
(i) Therequirement of big lenses tend to be very heavy
and therefore, difficult to make.
Refracting telescope:
- Objective —— f;—— Eyepiece
b —d
.“"" .'...‘.‘.
PeT-12 (ftfadhn S

A small telescope has an objective lens of focal length
125 cm and an eyepiece of focal length 2 cm. What
is the magnification of the telescope? What is the
separation between the objective and the eyepiece?

U BIC THIFBIY | 125 cm BIBHA g3 BT A HGUS
W TUT 2 cm BB G DI AFADT 81 TARDIT BT
g FT 87 3R R BB S T B P AT E2

f,=125cm;f =2cmym=7%1L="7

Equation for magnification of telescope, m=f_/f,
Substituting, m =125/2 =625

Equation for approximate length of telescope, L =f_+f,
Substituting, L =125+2 =127 cm =127 m

f,=125cm;f =2cm;m =7%L =7

TRET & 3MTael & U FHIBRUT, m =1 / f,

TR, m =125/2 =625

SARPIT BY IR oS 3 FAy WaOT, L=1 + £,
UfdRATIA, L = 12542 =127 cm = 127 m

FHNE3IRA, I, RS
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Ans -

@i

(i)

Draw a labeled ray diagram of the reflecting telescope.
Mention its two advantages over the refracting
telescope.

Wade el &1 AmMifea feor 3ma Eifayl
Hqacics graril B o1 ¥ 30D a1 @il &I e
Hif5ul

A telescope is an optical instrument designed to see
distant objects, as it makes them appear nearer. It is
constructed using an arrangement of lenses, or of
curved mirrors and lenses, using these the rays of light
are collected and focused and the resulting image is
magnified in nature.

It consists of a large paraboloidal (primary) concave mirror
of a large focal length with a hole at its center. There is
a small convex (secondary mirror) near the focus of the
primary mirror. The eyepiece is placed on the axis of the
telescope near the hole of the primary mirror.

The following diagram will clearly portray a reflecting
telescope:

Paraboloidal objective mirror

Paraliel rays from distant object

Secondary mMiror ———"-

Eye piece

—

Let f_be the focal length of the objective and f_ the focal
length of the eyepiece.

For the final image formed at the least distance of distinct
vision

fo f_e)
fe<1+D

For the final image fomed at infinity

m=

R
_fo_ 2
Mo fe

The following are two advantages of a reflecting telescope
in comparison to a reflecting telescope.

A concave mirror of a large aperture has a high gathering
power and absorbs a very less amount of light than the
lenses of a large aperture. Thus the final image formed in
the reflecting telescope is very bright. So even the faint or
distant stars can be viewed easily.

The use of a paraboloidal mirror reduce the spherical
aberration i.e the phenomenon of formation of a non-
point and blurred image of a point object.

IR - CHARDIY Udb HIPHd 3Uawvl & 5l R Hl axql

HefT-12 (N

P ST & Ty 3311 fomaT maT & Jifes ug 3€ e
fezarg <ar 21 98 of¥l, a1 gaTaeR quull 3R ol o1
U HaAT BT UGN BB 94147 747 8, 57 3uam
Y11 D1 fpruTt &l Yapfad 37k afed foar sirar & 31k
gfvormt 5fq uepfa § 3mafdd el &l

SN e H U B¢ & ATY UH §51 BIbd mdls Hl Udh
3T RaAcifg® ©TafHd) 37ade cUur 8T &l urafis
TUUT & I & UTH Udh BIel 3ad (fgdiad gdun grdar
81 U 1 UTdfias U UT & GRP & e qrarff & 378f
TR RGT ST &

ﬁ;ﬂﬁwﬁf@ﬁﬁawmwﬁaﬁmmﬁﬁﬁﬁ

Paraboloidal objective mirror

Parallel rays from distant object

Secondary miror ——="=

Fe”
L

—

(M

(i)

20)

Ans-

>

TUacidh GG I G H URTd i qrarfl &b Fufaiad
AWIE:

3 GR & 3Tadal qUUT & 3T JUEUT *TfRT Bl &

37k &3 R & oI BT JoT1T I q§el A T & YBIRT
AN BT 8 | T YDR RIdcicb grazfl ¥ a9 aTe
sifan ufafde agd aadIe 8dl 8 | SATAY germ a1 R
& dRI &1 Y 37T A SJT ST AHAT & |

RIS TUUT & YOI A My TuyT &1 & 1T §
31yfd fig avq o1 31fag 37R g ufdafaw s & gen

Draw a ray diagram of an astronomical telescope in a
normal adjustment position. Write the expression for
its magnifying power.

g gAEEE fRafa § fed @miea g;@ﬁ &1
foto1 3 WU 3! 3ad= amdr & fofy drsTs
fafaul

For the eye at rest, the intermediate image should be at
the first focus of the eyepiece or Ue =fe

e f b f —¥

PR

Magnification M, =-—>

FHNE3IRA, I, RS




CHAPTER -10

WAVE OPTICS
GEURCAIRGE]

a'\‘ﬂﬁl'ﬂ a8 | 5) Two waves whose intensities are in the ratio 9:1
produce interference. The ratio of maximum and
1) According to Huygens, the waves of light are- minimum intensities will be-
(@ Mechanical, longitudinal. (@ 108 (b) 91
(b)  Mechanical, transverse. @ 41 @ 21
© Electromagnetic. A a1 S dgarsil &1 317uTd 9 &, safdszor
, . 3d Fedal e3tfaman aur JAaw diaansil &
(d)  Mechanical, spherical. mm_
ETSTI=A & 3TTHR THRT B 7T et - (a) 108 b o1
@ I 3rgced | b S, SR © 41 @ 21
(© fageaasy | (d i, e | Ans- (@
Ans- (a) 6) If the wavelength of light is doubled in Young's
2) The concept of secondary wavelets was given by- experiment, then the width of the fringe-
(@) Fresnel (b)  Newton (@  will remain the same (b)  will be doubled
(©) Huygens (d)  Maxwell () will be halved (d)  will be quadrupled
g affre13il &1 sraaron <t A- i & yan ¥ afg yeien & anded anpEt & &
@ A b Fedd Sy Y, i fobt ot -
© @ @ Heder @ gt e (b) A ET ST
Ans  (©) (0 3Tell ' STg (d IR AT E SO
3) Two sources of waves are said to be in coherent if- Ans- )
(@ The wavefronts generated by both should be of 7) Young’s doubleslit experiment uses amonochromatic
the same shape source of light. The shape of the interference fringes
’ formed on the screen is-
(b)  Both produce waves of the same wavelength. (a)  Parabola (b)  Straight line
(c)  Both produce waves of the same velocity. © Circle @ Hyperbola
(d) Both produce waves of the same wavelength . f A ' \
having a constant phase difference. an ?’1 Sael H o w W:Qﬂ]. a';ﬁﬂ Pd ”ﬁ' r.g
TN & &) Wi BT G9E B T &, afe- 3T et -
ORREIEERERRIPE RIS EICanE () TREETY by el e
(b) S A aReerd &l avt 37U B & | © g o fauaEyl
(©) CIHT FH AT I T 37T hd & | Ans-  (d)
CIEL '\;I'H'Fr A éﬂ';; &1 it f5 fad derar 8) The size of the obstacle for the diffraction of light-
&1 8 379 HId Bl |
g (@ be much larger than the wavelength of light.
Ans- (d)
ns (b)  be much smaller than the wavelength of light.
4) In the phenomenon of interference of waves - () be of the order of wavelength of light
(@) Thereis a loss of energy @ anything can happen .
(b) There is a gain of energy '
(c) There is no loss of energy, no gain of energy and TR 3 faad Ia.; fIE 31a1ee® BT ITHR-
only redistribution of energy. (@) UBIRT DHT qaTeerd A ggd 37 81 A1l
(d)  Nothing can be said about energy. (b) YPRT S aiTead A §gd BIcT 8HT1 A6 Ul
ail & SAfHToT B geAT 4 - (0 WP BT dUTeed B DIfC T eHT ATeul
@ 33T T JHH BT & () o ft & ThdT B
(b) 33T BT AT BT & Ans- (@
(©) 3311 DT PIg THAT EI & Hall bl Pl AT T8l &
3R A 3311 BT GATGaAR0T Bl
(d) 3311 & IR H PO & el 311 Abal &l
Ans- (@]
HefT-12 (N 75 A EIREL, I, FTRES




9) The phenomenon by which the nature of light waves  5) Explain the principle of superposition?
is transverse- amﬁwwﬁgaﬁmﬁm
(@ Interference (b)  Diffraction Ans- The superposition principle states that "if two or more
(c) Polarization (d)  Refraction. waves are traveling in a medium, the resultant wave
a‘suﬁmﬁmﬁmna‘bﬁa‘ﬁmﬁr 3@*‘“ function is the algebraic sum of the individual wave
2 functions.”
o ST b fEadT IWR-  GRUIRE Aqerid oedr & fos afc T ar v @
31ferep a¥il Uep Hienw ¥ 9T 1 @ &, ol gRomH
(©  gaur @  379acH| T BT 3TCT-376TT a7 AT ol SI=HToTe g g
Ans- (0 &l
10) A ray of light is incident on a glass plate at an angle  6) Can light waves pass through interference?
of 60°. If the reflected and refracted rays are mutually T IH120 a0 ATTHoT TR bl &2
perpendicular, then the refractive index of the . .
material is - Ans- Yes, interference of light waves can happen.
@ 32 b V3 IR~ Bl U a0l ] ATTHROT €1 Ahell &l
© 13 @  1/2 7) Write the difference between diffraction and
i 1 U = oT * interference.
CaE UepIRT fhUT 60 3T & HIoT . .
W 3TTafaa Sl & | afe uRTafea aur sTgatdd ot faarct 37k safdrasor & da 3w fad |
URER (iaad 8l a1 gard &1 Huacaip & - Ans- Difference between Diffraction and Interference
(@ v3/2 (b) V3 Interference
(@ 1/V3 (d 172 1. Interference may be defined as waves emerging
Ans- (b) from two different sources, producing different
wavefronts.
| Subjective Questions/fauafs Uy 2. The contrast between maxima and minima is very
good.
1) What is fringe width? 3. The width of the fringes in interference is equal.
bt dtsTs @ 82 4. The sources are referred to as interference sources if
Ans-  The distance between successive bright or dark fringes the number of sources is as few as two sources
is called fringe width. Diffraction
IR~ IWIRE ?q a1 37 ot & ot bt gl ot s 1. Diffraction, on the other hand, can be termed as
SIEE secondary waves that emerge from the different
2) What type of source is used in Young’s double slit parts of the same wave.
experiment? 2. The contrast between maxima and minima is poor
m%ﬁﬁﬁmﬁﬁmmasmﬂmﬁm . . . . .
ATaTe? 3. The width of the fringes is not equal in diffraction.
Ans-  In Young's double slit experiment, a coherent source is 4. If the number of sources is more than two the sources
used. are referred to as diffraction sources.
IW- AP 3ac fete T F AT WA HI3yaqm fpar - 3R~ faacd 3R safdas<or & o9 3iaR
ST 81 afavoT
. - .
3 Whatisinterference? 1. ATAHRUT P &1 HAT-3T Hielt I Frepery aredt
aAfaor T M b ¥ o qRATR febar ST HebT &, 511 31eTT-
Ans- Interference is the phenomenon in which two waves 37T T BT AT v
Zt:zzﬂg’:r;c:zglti?uijoerm a resultant wave of lower, higher > HfarmT 3tk AT S ST &1 3R 9§ 3T 2|
FR-  ofdeRvl g8 yReedT & S @ ail ierRie 3 AT TpA ST LR EA
Bl W, 3= a1 FHM AW H RO qr 4. & Fral &1 TT 1 Hidl a1 7 & a1 Aidl Bl
ST & HTABOT ATl HET STl B
4) How many types of light interference are there? Tada
ST AfeoT ey e & 8 &2 1. G 3R, e Y Reltaes a2 oe1 311 Aawel & 51
Ans- There are the following types of light interference: TH & a3 & fafas v F Fpedt
constructive interference 2. Hfergmr 3tk fafmar & & &1 37aR TR @
destructive interference 3. faad= o fra1T &1 Tiers | T8 81T 2
IR - ﬁywaal;@\ﬂaﬁw%: 4 TfE 2 o e @1 21 siferep & o el ot e
ATHD HTADIU] TId H&T ST &l
fa=meft safdesor
8) The ratio of maximum and minimum intensities in an
interference pattern is 36:1. What is the ratio of the
HefT-12 (N T FMEIRA, I, TRES




amplitudes of the two interfering waves? 3A- JERI DI Fram
U Afaaeor e ¥ siferesan 3 gan daar gfe g8 YA DIvT ST TRrafcdd bRl gt e
®T 31U 361 8 & AfAHRI a@il & 3Tam &1 A AT ¢fad &, gdTehIuT HIUT YT §RCR I HIUT
3uTd F4T #? FHEATAT &l
Ans- . -
ns ) unpolarized light polarized
Given: reflection
Imax — i
Irnin 1
A
AL — 9
A
L. (A+4)* 36 partially polarized
Imin (Al - Az) 2 1
A+A 6 Polarization by Reflection at Brewster's Angle
CA—A 519 U gdigpd YHIRT 3TUdcich FADIh &b HIEAH
1(A+A4,) =6(4 —A4,) &A1 Y 37T B T Uh 5 TR Uh
B P07 ip TR AT Rl &, dl URTafcrd UepIT g3
TA; = 5A, e A gdipd erar e afe
%:% p = tanip
L ¥ & U0 & AR
AA, L IT5 .
p=sini/sinr
TG A GRIG i [h0T 3Tafcid fhioT &b wiaad
9) What is Brewster’s law? Trfeyl 39 fRAfd A dbde i = ip & r = 90-ip.
TR e T a g i=ip
Ans- Brewster’'s Law r=90-ip
If the angle of incidence of which the reflected light is U = sin ip/sin(90-ip)
completely plane polarized is called polarizing angle or .
) p = tanip
Brewster’s angle.
10) Two polaroids are kept with their transmission axes
unpolarized light polarized inclined at 30° Unpolarised light of intensity I falls
reflection on the first polaroid. Find out the intensity of light
emerging from the second polaroid.
S QIARTSSH B 370 JAIOT 341 & ATY 30° U BT
T]'I N
§3T v T & | diadr ST 37elfaa gobnr adwun
IeRIgs YR Usal &l @R uIeRiss A Ao a™
YBIRT I et ST HIfI
; 8 Ans - As the intensity of the unpolarised light falling on
partially polarized the first polaroid is 7, the intensity of polarized light
emerging will be, I = ( 1/2 ).
Polarization by Reflection at Brewster's Angle Let /' be the intensity of light emerging from the
second polaroid.
When an unpolarized light incident at a polarizing , ' ,
angle, ip on an interface separating air from a medium Malus’ law, I'= 1, cos? &
of refractive index, then the reflected light is fully Substituting,
polarized if
p=tanip
According to Snell’'s law
p=sini/sinr
Basically reflected rays should be perpendicular to
refracted rays. In that case only i =ip & r = 90-ip.
i=ip
r=90-ip
g = sin ip/sin(90-ip)
p=tanip
HefT-12 (N 78 A EIREL, I, FTRES




I'= [é]cosl(BO’) - [%][g] =13

8

perpendicular to each other.

Substituting,

1,=(1/2) cos®(90°=0

[.. cos(90°)= 0]

No light comes out from the second polaroid.

(i) Let the first polaroid be P1 and the second
polaroid be P2. They are oriented at 90°. The third
polaroid P3 is introduced between them at 45°.
Let I' be the intensity of light emerging from P3.

Angle between P1 and P3 is 45°. The intensity of light
coming out from P3 is,

I'=1 cos?0

FR- b U IORISS IR U aTol 31g[fad UebIRT bl Substituting, ‘
1%, SAFAY Frebort aTot efdiepe TebIRT Bl I,_(L) 2(450)_<L>L2_L11_L
Terdr £, = (172) g1t —\2)c08 “2NJ2) T4t T4
TR UTeAR18 A e dTed Ueh12T bl ladT /' 817 < . - . .
' , Angle between P3 and P2 is 45° Let [" is the intensity
A B 79, 1'= 1, cos? ¢ of light coming out from P2 [" = ' cos?
’ ere, the intensity of polarized light existing between
fcraTe H hei ity of polarized light existing b
(1) . i ng 3 P3and P2is 1/4.
=5 [prEin=i ] == =le Substituting,
2
I”:[i]cosz(zﬁ‘):{{] 2 = 1
4 4)l2) 8
I!F: i
8
11) ;\év:; :)oo‘leaar;:d:t;r; kept crossed (transmission axes at IR~ 03 Y QTeRTeEs TR TS aTe el o
: rerdT | 8, 38 FApei aTet gifad Uebr1 bt
(i What will be the intensity of the light coming out (-ﬁ—gm-”o = (1/2) g1
from the second polaroid when an unpolarised NSO o o
light of intensity / falls on the first polaroid? H'Ffﬂ 3 ! q\rﬁ\r GTeRT$S A et ared RT T
(i) What will be the intensity of light coming out from = . R
the second polaroid if a third polaroid is kept at 11“ Ll 1 _1(_1 cos*d ) !
45° inclination to both of them. T8l 0 =90° & FIfch JAUT 37& U IR & oigad ol
a1 QIMRI3SH DY U AR A I (90° W TiAfAM gfdeTo,
378D @1 AT 81 1= (112) cos* (90°)= 0
(M qToiRTss A Aehet aTel epIRT 1 dflerdT T L. c0s(90° )= O]
519 | dlgdl &1 Uh 3-T&]d P UBIR Uge . .
GIeRTSS R USdT &7 SR UIeRR1SS A PIs Ueh1RT T8l fHehota 8l
i) TTeRTss A e aTel Tes1er ol e o (i) FITTT e AIRISS P1 & 3R GR1 TIeISS P2
Tf Ueb ARRI TeiRTSS 1 QT A 45° [HTa 819 90° X 37 &1 N oIS P3 I
TR G110 T 45° U= LT fHaT STaT 8l AF o570 1 P3
A (i Astheintensity of th larised light falli ar i ¢
ns- i s the intensity of the unpolarised light falling .’ = :
on the first polaroid is |, the intensity of polarized P13k P3 éi%ﬁ?rw ' 45° %zl P§ A aret
light emerging from it will be I, = (1/2). HIRT BT AIell ['= 1, cos? 0
Let I' be the intensity of light emerging from the fcRTo,
second polaroid. I _ IV 1Y T I
I =<*>cos2 45° =<*> e | =T =
Malus’law, I'=1 cos? 8 2 (457 2\ y2 4 4
Here 8 is 90° as the transmission axes are P3 37k P2 & 1T BT HIVT 45° & AA AIFT 1" P2 A
HefT-12 (N 775) A EIREL, I, FTRES




@ are U121 &l diadT
I"=I'cos20 &

gt P3 37R P2 & 1 faemT g[diaed UeptR1 & dfigdr
/47l

If1 1

1= (Yoot (£ 3] -4

12) A monochromatic light of wavelength 5000 A passes

through a single slit producing diffraction pattern
for the central maximum as shown in the figure.
Determine the width of the slit.
5000 A TUTRE] BT U HIAIPIAED TSI Ubet
fiete & TERaT & s B 3tfarean & fAy faada
A qarar & star o o  Reamar man 81 e &t
dtsts Fraffya &3

Ans- A\ =5000 A = 5000x10"°m; sin 30° = 0.5; N = 1; a =?
Equation for diffraction minimum is, a sin 8 = n\

The central maximum is spread up to the first minimum.
Hence,n=1

Rewriting,a =/ Sin 8

Substituting, a = 5000x10" / 0.5

a=1x10°m = 0.001x103 m = 0.001mm

A=5000 A =5000x10"m;SiNn30°=05;n =1;a =?

IR~ YAdH faadq & g FHHOT R, a sin 6=k
eI HfESHH Teat FATH b el 3T 8l $HMT, n=1
oM@, a=A/sinf
GfaRYTIUd BT, a = 5000%10%°/ 0.5
a=1x10°m =0.001x103 m = 0.001 mm

13) s I T g fafagiayr sad wrad=
3iR 37uad= & Frami &1 oeas Hia|
Write the wave theory of Huygens. And derive the
laws of reflection and refraction from it.

Ans- Huygens’ Principle states that every point on a
wavefront is the source of wavelets that spread out in
the forward direction at the same speed as the wave
itself

PeT-12 (ftfadhn

INCIDENT

WAVELENGTH REFLECTED

WAVELENGTH
o

Huygens’ Principle can be applied to prove the laws of
reflection. The above figure demonstrates the incident
ray being reflected by a reflecting surface.

aA represents the wavefront incident in a reflecting
mirror XY with an angle of incidence i. Every point on aA
acts as a source of a secondary wavelet. As mentioned
by Huygens’ principle, the rays will take equal time to
cover the distance between Ato D and C to B. Therefore,
the angle of incidence will be equal to the angle of
reflection.

This proves the first law of reflection. The direction
of propagation of the secondary wavelets is also the
direction of propagation of their primary wave sources.

Itis also observed that the incident ray and the reflected
ray lie on opposite sides of the normal. The normal is
perpendicular to the reflecting surface and originates
at the point of incidence. The normal, incident ray, and
reflected ray lie on the same plane, and hence, the
second law of reflection is proven.

Therefore, both the laws of reflection can be analyzed
through Huygens’ Principle.

Huygens’ Principle can help us prove the laws of
refraction with the help of the above diagram.

Considering a wavefront BC incident on the surface,
we evaluate that the incident ray has a velocity of V,
and the refracted ray AD has a velocity of V,,

Since Huygens’ Principle states that despite
differences in density, the time taken by the waves to
travel will be the same, let’s assume the time taken is t.

Therefore, distance BC=Vt and AD =V t.

Considering the triangles ABC and ADC, we get:
sini _ BC . AD
sinr ~ AC = AC
_BC
AD
_Vit
Vit
v
%
=H

FH L3R, I, RS
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Here, p is a constant. It represents the refractive

index of the medium through which the light rays are
traveling. Another keen observation is that the incident
and refracted wavefront lie on the same plane as the
normal. This proves the 2™ law of refraction.

The refractive index is also calculated as the ratio of

BT, HT o T o mar s ¢ 8
AT A BC=Vt3RAD =V tl
3337 ABC 3Tk ADC 1 T & Tl 8, &1 YT e &

sing _ BC . AD
sinr ~ AC ~ AC

the velocity of light in a vacuum or air to the velocity of = %
light in another medium. Vi
_nt
Hence, Snell’s law of refraction is proved via the Vit
application of Huygens’ Principle. This proves the first W
law of refraction. V
I~ S o RAgeErd ®edl & i v & A &1 Ul =u
g RITTT3H b7 AT & 571 317 bt ez & 3wy i & .
Tetdl & S T WY &l y Uoh 37R & U8 39 HIeAH & 379dddic &l
5 é gfafifere e & S5 drenm F gasier faswot arn
o R 6! 8l TP 37R 76 31awIh e & foh 3mmafad 3R
WAVELENGTH (herecren. 3ruafcld AT 31TET & FHH T TR Rrd 81 81 7e
. - b 3Taci ol g1 | Riger avar 8
3T9aciics oY T Fafd a7 arg & Gebi1 & a1 &b
3177 A QIR HIEqH H UehIR1 &b 911 &b 37[dTd &b ¥ H
‘ - : ot BT 7T Bl
T 3 Rigea 1 wiafde & Fradt &) A STeU, et & 31qad & g @1 et & figeria
D & [T Q o117 FedT 511 Hebell 1 IR o Ueh & 3MTde & AreAd 3 fager fosar maT 1 s9 37uad
WRIddch Tds gRT 3afad fasrur & wRiafda e &1 &1 gy Fgm fige arar 8|
TR e &l 14) Explain the principle of Young’s double slit
aA Uh TRTdd b SUUT XY H 37Tqd HI0T i & ITY d3MYd experiment for Young’s interference and derive the
Ut ! FEUd BT 8l U IR U4 fog fgdas formula for the width of the interference fringes.
HRATebT &b AN & ¥ H BT BT &1 ST fob BT854 i1 & Afaedtor $ Ay a1 $ @ B v &
& fagerd gRT 3owid fosan mat 8, fasotf et AR D 3R e STy auT AfaadoT b= & 4tsrE &
C A B P dg I ¢l DI HaR H H AHH THY oI AU g wrea P | ’

z > sl Ans- Young’s double-slit experiment uses two coherent
sﬁ—\‘j tRﬁR—h oI ugq fFaw ﬁ?ga erd 2 !ﬁii g sources of light placed at a small distance apart.
RT3 &5 FraRoT HI fEM 39 UrdfHes a1 ke Usually, only a few orders of magnitude greater than

the wavelength of light are used. Young’s double-slit
& FAROT I f&2m ot Bl Bl h length of liah d 's double-sl
g ot &3g71 Tt 2 T 3mrufaa fazor 37k wrafaa fzor experiment helped in understanding the wave theory
3 & faueia feom o f&g & 31fieid Wwidde of light, which is explained with the help of a diagram.
Tde & 9dd sIdT & 3R 3 fdg IR 3 grar
2| 37f%reTe, 3Tufad fasoT 31k Wwafad foseor Ues & —D
Id IR f&Id 814 &, 31k safeiy, wracdH &1 garT fam i
e grar 8l
gAfIy, URIad & a1 FgmT &f faeaivor s & A
Rigerd & wream 3 fasan 511 |epa 8l 1
o .
d
Screen with Opﬁcal
two slits screen
Derivation of Young’'s Double Slit Experiment-
] Consider a monochromatic light source ‘s’ kept at
BT BT ﬁ?ﬂ'l?f SR ﬂﬁ'@ B He@dr A a considerable distance from two slits s and s, s
37qada & O & ge &= § A1) HeTadl B is equidistant from s and s, s and s, behave as two
Hepe Bl coherent sources as both are derived from s.
AdEg W GEAIE, BC 3rafad ol e o 3@d g, & The light passes through these slits and falls on a screen
T8 Y ich Bl & fop ST favor T amm v, & 3R which is at a distance ‘D’ from the position of slits s, and
3ruafcid fehRoT AD BT AT v, &l s,.‘d’is the separation between two slits.
Y W kil Rgera DEdl 2 fob o7 o 3R & If s is open and s, is closed, the screen opposite to s is
STds[c, M GRT AT B H 11 aTedT FHY JA closed, and only the screen opposite to s, is illuminated.
elT-12 (HifdadD 5 AN Z 3R, A, FIRES




The interference patterns appear only when both slits s,
and s, are open.

Similarly, the distance of (n-1)" bright fringe from the
centeris

b x(n-1D=(2(n-1+D\D/2d
o
,,,,,,,, Fringe width, 8 = x - x_, = (2n + 1AD/2d
T y -((n-1) + DAD/2d =\D/d
5 (n=0,+1+2,.)
s {20 fringe width
Mot sourse . 4 g
N The distance between two adjacent bright (or dark)
N fringes is called the fringe width.
X=0 X=L A=)D/d
. IR- U BT sTA-fFefe ganT A5 gl IR W DRI & o
= T AT BT YN BT 81 3T AR TR, YH1T T
When the slit separation (d) and the screen distance (D) queet d 3-Tf€l$ HTOT $WW PHIPT 3 .
are kept unchanged, the light waves from s and's, must Y 3' T &1 g 3333{ e gamT 3 gH1RT & AT
travel different distances to reach P. This means that ﬁrcgamﬁmsﬁfmaa &, 19 3 1 werdr A
in Young’s double slit experiment, the path difference HHSITIT T &
between the two light waves is from s and s.. D
In Young's double slit experiment L
D » d : Since D » d, the two light rays are considered
parallel. \
d/\ »1: Often, d is a fraction of a millimeter,and A is a A J_
fraction of a micrometer for visible light. d
Under these conditions, & is small. Thus, we can use the
approximation sin 8 =tan 8 =6 =\/d. T
.". path difference, Az=\/d
It is the path difference between two waves meeting at
a point on the screen. Because of this path difference Screen with Optical
in Young’s double-slit experiment, some points on the two slits screen
screen are bright, and some points are dark. % = T =
;/\r/:(e:I ?:r\:v 2ij;2izsthe position of these light, dark fringes o s 3k :, @f 5 WA ¥ o
d ' Hd s WITAR B 5,5, 3R s, T AAGY &l s 3R s,
Position of fringes in Young’s double slit experiment a@'rmy’m’fasr@—q T IdeR g & i aﬁ:ﬁs"r s
bright edge position ﬁw%’l
To form the maximum intensity or bright fringe at P db ﬂ;}f % I} il Eaﬂ'\!a” Fﬁii 3 ﬁ;?ﬁ!d@ﬁll gg’e."l
TR Refcd s s EIE
path difference, Az=nk\ (n = 0, £1, +2,..) ‘dey m & éﬂ;ﬂﬁ g-ﬁz?q
ie,xd/D =nk gfe s WY1 8 31k s, I &, Al s, b [Tuid BhH < 8, 3R
cither &I s, o (AU THH YebIRI 81 HfdaoT ufaey
@ Udhe B1dT & 519 aH1 W06 s, 3R s, Jol 8l
x=n\D /d ! R
The distance of the n'" bright fringe from the center is ’ biP
x,=nAD /d l
Similarly, the distance of (n-1)™ bright fringe from the S y
center is " N o
X, ,=(n-DAD/d Monoctromatie | | )
Fringe width, 8=x_-x__ =nAD/d - (n-1AD/d = \D/d A
(n=0,+1,+2,.) U
X= X=L
dark fringe position © i
For the minimum intensity or dark fringe formed at P, X=L+D
Path difference, Az = 2n +1) (\/2) (N = 0, +1, +2,.) 57q f&Te 377 (d ) 3TR A g (D) BT 31aRafda
Le,x = (2n +1AD/2d T R U e B T
' a7 3TCTTT-3TCATT &31 T AT ATB Y| BT
The distance of the n" dark fringe from the center is %%m—[aﬂﬁ@ﬁmﬁ s1 3R s2 A ST UYBIRT I P
x, = (2n+DAD/2d dra gateR &
HafT-12 (N 57\ A IR, I, FTRES
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Ans-

I & 39 Rede Tam o

D>>%€'([I%5D>>d,a’rm%rmvﬁaﬁwmwm
ST &l

d/A > 1: TER, d Ue iR &f 31T 81T 8, 3R \g2a
Uh1T &b fi U ATSehIHTeR & Udh 3127 81dT

37 2Tdf & dEd, 0 BT &l 37 UBR, &9 FlAded sinf =
tan 0= 0 = \/d BT 3TN IR Thd &l

S OYTAR, Az =\/d

g ThI R fopdl fdg IR e aradl a1 aal & o
Wtrzri%zl W&ﬁ%ﬁzwg?%umﬁég
PRI, W JHBTA ,
ﬂ%??'ﬂéﬁ’lﬁ%lw b
379 &1 S Uh1?T, 37 fOpail 371k fOhat dlsre o faufa
R It B

I & 39 f&e T § Thal &1 f&afad aqadhe
frRI &1 f&afa p R 31feresan dadr a1 S o=t
F B fA 9T 37, Az=n\ (n =0, 21, +2,.)

T, xd/D = nA

a7

x=nAD /d

&g A nd A =T HI G &

x,=n\D/d

S UBR &¢I (n-1d T =T bl it &

x(n -=(-DAD/d

b7 Ti1STE, B = xn - x(n-1) = N\D/d - (n -DAD/d = A\D/d
(n =0,+1,+2,.)

3T fThat ot fRafa

P IR & dTer ] AH et a7 37<Ied a1 &b Ty,
Y 3R, Az=(2n +1) (\/2) (=0, £1,+2,.)

M, x = (2n +)AD/2d

& A nd 3T ThaT HI gl &

x, = (2n+1)AD/2d

T UBR &g A (n-1d S =T hI gt &

X(n-1)= (2(n-1) +DAD/2d

fibst @istS, B = xn - xtn-) =
-(2(n-1)+ DAD/2d =\D/d

(n =0,+1,+2,.)

[EEIEE

Q1 3 I (YT 37era) fOhsil & o &bl g &l
U1 1318 @ Bl

B=\D/d

What is meant by diffraction of light? Explain
diffraction by a narrow slit. Explain the formation of
fringe-patterns on the screen and draw a graph to
show the variation of fringe intensity with angle 9.

UBIRT & faador I T d1ead & ? b Ahivf Y@ -fBg
TR faada &1 e 15, 9 ur b=t - UTey &1
TTET SIS AT BT 4 & ATY a1 hY digar o
gfiad= & vefifd $33 & fdd ure S |

Diffraction of light is defined as the bending of light
around corners as it spreads and illuminates areas
where shadows are expected.

(2n + 1) AD/2d

In a single-slit diffraction experiment, we can observe
the phenomenon of bending of light or diffraction which

HefT-12 (N
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causes light from a coherent source to interfere with
itself and produce a characteristic pattern on the screen
called the diffraction pattern . Diffraction is apparent
when sources are so small that they are relatively the
size of a wavelength of light. We can see this effect in
the picture below. For large slits, the dispersion is small
and generally not noticeable.

]] Wide gap
Small diffraction effect

) Narrow gap
Large diffraction effect

Single Slit Diffraction Formula

We shall assume the slit width a« D. D is the
separation between slit and source.

We will identify the angular position of any point on the
screen by 8 measured from the slit center which divides
the slit by a/2 length. To describe the pattern, we’'ll first
look at the position of the dark fringe. Furthermore, we
divide the slit into regions of equal width a/2.

The path difference represented by the top two rays
shown is:
We can consider any number of ray pairs starting at a

distance a/2 from each other like the two rays in the
diagram below.

For a dark fringe, path difference must cause destructive
interference; The path difference should be out of phase
by A/2. (\ is the wavelength)

for the first edge,

For a ray emerging from any point in the slit, there
exists another ray at a distance of a/2 that can cause
destructive interference.

Thus, destructive interference occurs at 6 = sin”\/a
because any ray emanating from a point has a pattern
that causes destructive interference. Hence a dark
fringe is obtained.

For the next fringe, we can divide the slit into 4 equal
parts of a/4 and apply the same logic. Thus, for the
second minimum:

Similarly, for the n™ fringe, we can divide the slit into 2n
parts and use this condition as:

n\=aSiné
central maximum

The minima lies between the width of the minimum

FH L3R, I, RS
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and the central maximum, the distance between the
first order minima from the center of the screen on
either side of the center.

The position of the minimum given by y (measured
from the center of the screen) is:

tanf=0=y/d

for small 6,
sind=0

=\ =a sin f=al
=0=y/D=MNa
=y=AD/a

The width of the central maximum is only twice this
value.

= width of central maximum =2\D/a
=> Angular width of central maximum =260 = 2\/a

The diffraction pattern and intensity graph is shown

below.

0
a/2 I ]

a/2 I .

The path difference represented by the top two rays
shown is:

AL=Gsinf

We can consider any number of ray pairs starting at a

distance a/2 from each other like the two rays in the

diagram below.

Foradarkfringe, path difference must cause destructive

interference; The path difference should be out of phase

by A/2. (\ is the wavelength) for the first fringe,

AL = % = %sin@

A=asind

For a ray emerging from any point in the slit, there

exists another ray at a distance of a/2 that can cause

destructive interference.

Thus, destructive interference occurs at 8 = sin\/a

because any ray emanating from a point has a pattern

that causes destructive interference. Hence a dark

fringe is obtained.

For the next fringe, we can divide the slit into 4 equal

parts of a/4 and apply the same logic. Thus, for the

second minimum:

A_a .

7 = Zsm@

24 =asin 0

Similarly, for the nth fringe, we can divide the slit into 2n
HeafT-12 (HifTHn o

parts and use this condition as:
n\=aSiné
central maximum

The minima lie between the width of the minimum and
the central maximum, the distance between the first
order minima from the center of the screen on either
side of the center.

The position of the minimum given by y (measured
from the center of the screen) is:

tanf=0=y/d

for small 6,

sin 0=60

= A =asin f=al
=60=y/D=MNa
=y=AD/a

The width of the central maximum is only twice this
value.

= width of central maximum = 2AD/a
=> Angular width of central maximum =260 = 2\/a

The diffraction pattern and intensity graph is shown
below.

Single-slit diffraction pattern

Intensity —»

e—-b

THIRT & faad Bl HHFT &b IR 3R THIRT & 715 &
Fu ¥ gt far sirar & 3 i g8 orar & 3k
39§31 BT UBId BT & 78T AT Hl 3T Bt
BUBm-te faad= yanT o, &9 eien a1 faad= &1
ﬁaﬁmmﬁﬁ&maﬂmﬁa’rwm
T YRR P WY § &Y B BT HRUT I9dT &
37R TP R U fafre ded 3ad orar & 5 faada
ted et SA7aT 81 faad= a9 TE 8aT § 519 Fd ga
BIC &1 € fob 9 314 UPBTRT bl aiil e B HTDR
& BId &l 39 39 U9Ta &l A [T <9 Aehd 8l 95
e & 7y, SeiTd BieT 81dT & 3R 3 TR R &=

3 9T T8 BT Bl

H—I—Hi ]]]]]]] Wide gap

Small diffraction effect

) Narrow gap
Large diffraction effect

i e fEthar™ wien
B 0T o1 fob f&de &1 918TS a « D 81 D f&e 31k
SAAE 3R, A, RS

=2



et & e 1 g B

a

&1 Th W Tl oft fig 1 wivftg fRfa H geam
f&Te dhg T OTU 7Y 4 §RT 1 311 Reie &l a/2 (a5
I fauTf=id a1 &1 ded o1 guia e & fa U, 80 Uesr
31 flhat &1 fRIfd <X 3T%b 37@ar, &9 SR &1
T 91STS aTey &3 F fqumfsid e & a/2

e
aIZI 6

s s MY < fosront gy vefRia uuiar &
AL=Gsind
& fopatt Y FeaT o fasroT gl R faaR o= A & 5T
TH R Va2 B R ATE A e IMI R A HT 16
a fopeot]
T 3w Ot & faig, TuT=ar faaneit sfaasor &1
HRUT BET ITET; UY 3R A/2 §RT IROT H d181 8T
eyl \ AT A B)
UEe fOhaT o foig, Ans-
AL=%=%sin9
A=asinb
YaTee # fdl ot fag A Aepe aret foorur & AT,
a2 B P RS 3R HIS[G 81t 8 ST famIasRY
EIAY HI HRUT & Thd! &l
S UDBR, § = sin-1\/a TR fa2fY safaaszor &rar ¢ aifes
U foig A Fichet aredt fost +ff foprur o1 Ueh ey
BIaT & 1 fa1RM Ffaa=oT &1 HROT §9aT Bl 37d: Uh
37T fOhsT Ut et 81
37T fOhsT & fg, &9 fSR &1 a/4 & 4 RS 9 o
fqufid a2 Fepdl & 3TR AT ddb @] R Ahd 8l 3
UbR, g8 FAaH & e U
A_a.
2 — 4511'1(9
2A =asin @
3dl UPbR, nd 1 & &9 3R &1 on 9 o
fIuTfSia o2 Fopa & 37k 39 f&f3 &1 3u9 s yhR
IR IDA &

HefT-12 (N —

n\=aSiné

e tfadmdn

afmr gAaw 31k S sifgean & 9isE & o
fRIA 2, 9¢ &b S TRl UR ThIH & dhg A Use! 371
BT & & b1 g3 B

y GIRT &Y 178 Ffirs 1 fRuf (whie o dhe I T 119) &
tan f=0=y/d

B¢ b ™y,

sin =0

=\ =asinf=al

=0=y/D=NMa

=y=AD/a

FIg 37fErhan B d1sTg 30 HIF A Hae a1 &

= &I 3Tfedman B °1sTs = 2AD/a

= BT 3TfaHaT B HIofg TIeTE = 20 = 2\/a
faad= de 31k dgar o ) fezarar mar 2

Single-slit diffraction pattern

Intensity ——

9—-0

What do you understand by polarization of light?
How does this prove the transverse nature of light
waves? Explain.

UH1RT & E[AUT A T THST & ? $HH UBIRT- a0 Hi
I UPHfd A JATOTa 8l & ? AHSITSA |

light waves that vibrate in more than one plane are
referred to as unpolarized light such as the light emitted
by the sun, a lamp, or candle flame is unpolarized light.
Such light waves consist of an electromagnetic wave
that vibrates in a variety of directions. However, it is
possible to transform unpolarized light into polarized
light.

Polarized light waves are the waves in which the
vibrations occur in a single plane. The process of
transforming unpolarized light into polarized light is

FH L3R, I, RS
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known as polarization.

The phenomenon of restricting the vibration of
light (electric field) in a particular direction (plane),
perpendicular to the direction of wave motion is called
polarization of light.

The polarization of transverse waves.

Let a rope AB be passed through two parallel vertical
slits S, and S, placed close to each other. The rope is fixed
at the end B. If the free end A of the rope is moved up
and down perpendicular to its length, transverse waves
are generated with vibrations parallel to the slit. These
waves pass through both S and S, without any change
in their amplitude. But if S, is made horizontal, the two
slits are perpendicular to each other. Now, no vibrations
will pass through S, and the amplitude of vibrations will
become zero. i.e the portion S,B is without wave motion
as shown in the figure.

p
£ @
p
pr

Fig: Polarization of transverse waves

On the other hand, if longitudinal waves are generated
in the rope by moving the rope along forward and
backward, the vibrations will pass through S and S,
irrespective of their positions.

This implies that the orientation of the slits has no
effect on the propagation of the longitudinal waves, but
the propagation of the transverse waves is affected if
the slits are not parallel to each other.

A similar phenomenon has been observed in light when
light passes through a tourmaline crystal.

L _ff’fffif_g’"

(@)

Source

*
L=

Polarised Light
{ .I .I -[ No Light

(b)

*
==y

Fig: Polarization of transverse waves

Light from the source is allowed to fall on a tourmaline
crystal which is cut parallel to its optic axis (Figure: a).

The emergent light will be slightly coloured due to
the natural color of the crystal. When the crystal A
is rotated, there is no change in the intensity of the
emergent light. Place another crystal B parallel to A in

{126}

the path of the light. When both the crystals are rotated
together so that their axes are parallel, the intensity of
light coming out of B does not change. When the crystal
B alone is rotated, the intensity of the emergent light
from B gradually decreases. When the axis of B is at
right angles to the axis of A, no light emerges from B
(Figure: b).

If the crystal B is further rotated, the intensity of the light
coming out of B gradually increases and is maximum
again when their axis is parallel.

Comparing these observations with the mechanical
analogue discussed earlier, it is concluded that the light
waves are transverse in nature.

U UBIRT AT 1 U I A8 dail § U ohell 8, 39
TgdIgd UHIRT @l S7TaT & i fob Jd gRT 3ard
U1, U aIue, U1 HIHaT df @l 3Tgdidpd Tl
& Ul Uit a3 ¥ U FrEHIY AT el 8
s fafe feemsdt o A &1 Taiifep, 3gdTepd
GH1RT DI {dTgpd YH12T H T&o=1 I 8l

gaTepd U111 d Al BTl & fo1H U= Uab 8 ad
H 81T 8l 3TEqfad UehIRT Bl gdTepd U H deei ol
gfehar % T 1 ST 7T 8

UBRT & Hu (fae[d & b1 Ueh fay f&=m @en o
AT A BT &R B wrIad HIHd B DHT aeT Bl
UH1RT BT dThRUT el ST 8l

YR T BT gAThUT|

U AT AB P a1 AR Heafer RFaga s 3R s, &
eI F Yo <R & A @1 1T 2 I 37 B IR
T HI 1TS &l Al IR B qad A A PI 37! oiaTs
& W9ad HW 3R T & Far F7ar g O [Fee &
TAAHIR BHUF & 1Y Al 30 Bl 81 ¥ a3t
U 3T § fo CAd & S, AR S, Al A
Sldﬂ;%gﬁ 8l @fdpT 3R S, BT &St ST AT 8,
arer U SR & o1edd 8ld 8l 379, Bls Ht Hu
s, § & R 3R U BT AT - &1 A0 ie
s, B fomm T 7ifct & & st fop ot o feaman mam &
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PEE=hNINE==1N

o 3TTURY A BT gdIehoT

IR 3R, i Tt @1 3T 3R T & AT A A
3eef ARt 3 Y ST &, a1 U 3D fRufd &
J1931G S, 3R S, A B Tl

DI dTeuy Ue & fob e & 37 liaivr &1 ef
T
& HAAIR R P IR
gyTfdd grar 8l

ST TRE I T YBTRT H W] 118 8 579 UehIRT gHATS
fopeee A T TR 8l

(] _‘;_Qiqf;ﬁ‘{__gfgi‘gi%‘

@)

Y
S Iy

<7

*

B
(b)

for: 379y T3 T ¢t

AT A YBIRT BT Ueb gHaiTeT fehiee WR TR fear
ST & 571 8P TP 378 & FHHIAR e ST & ([
al

foh¥cel & UTpicich T & HIRUT 3Hcll g8 AT TS
afi= &Nt 519 fosved A 1 gamT FATdT &, a1 fArfa
UHIT BT digdT § HIS gfad T&f 81dT &l UhIT &
qg ¥ A & TR U 3R fheee B 3| 59 AT
fopce! I U ATY 38 YHR AT 37T & b 375
378 TR 81, 1 B ¥ e aTe U2l o diddl
H Is YR T8l Il 576 37l feh¥ce B &l gHAT
STt &, Y B A ffd uaprer &Y dfigar eR-eR &7 81
STl 81 579 B BT 3T A BT T & FHDIVT W &Il 8, al
B A BIS YBIRT T8I [HboidT & (”: b)l

gfe fopreet B pY 31k FTATE, Y B ¥ Fhe atel

BT T fiadT eMR-€NMR gl & 37 s A 31faman

Il & 379 37ch! R AHHIAR el ol

2 &UTT &bl Je1 U dfdid gified 310 A b R

%ﬁﬁﬁ%méﬁmé%mﬂaﬁﬁmmﬁ
|
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CHAPTER - 11

DUAL NATURE OF RADIATION AND MATTER
fafepor a1 5o Y & Upfa

Objective Questions/ aﬁﬁm bkl ‘ )
1) When light is incident on the surface of a metal,
the phenomenon of emission of electrons from the
surface is called-
(@ Photoelectric emission.
(b) Photometry.
(c) Photosynthesis.
(d) photography.
319 Y11 fee arq Y wds R 3mafad sar € ar
Hae A s &b ST Dl BT HET 8- Ans-
(@ YdIRI fdg[d 351 (b) BT 6)
(© YBIRIFAYT| (d) IR
Ans- (a)
2) Photoelectric emission from a surface starts
only when the incident light on the surface has a
certain-
(@ minimum frequency (b) minimum speed
(¢ minimumintensity (d) minimum wavelength Ans:
et e A BT faga 3si @t gy dar @ 7
stafes g8 HTafaa UHRI &1 eidl & Ues fAfRad -
(@) gAaH g (b)  AdH AT
(© g digdr (d)  gACH aT A
Ans- (a)
3) In photoelectric , the threshold frequency of light is
that at which-
(@  Only photo electrons are emitted. Ans-
(b)  The velocity of the photoelectron is important. 8
(c)  Therate of emission of photoelectrons is minimum.
(d)  none of these.
g1 fagrq & 3mafer uenr & Aeet 3Tgf % @
fFraaR-
(@) ICI smacH HIF 3AT5Id 81d &l
(b) HICI SacH ol AT He<d &IdT &l
(© WICI geagHl &b I bl & YAdH BIcl &l
(d  TH A IS TE Ans-
Ans-  (a) 9
4) Which of the following metals has minimum work
function -
(@ lron (b)  Copper
(c) Barium (d)  Sodium.
Fofafea § @ fem aq & gAaa i e @ -
(@ 3RA b) DR
(© dofam d HIfSEH|
Ans- (d) Ans-
PeT-12 (ftfadhn

The work function of a metal surface is 2.1 electron
volts. The maximum kinetic energy of the photo-
electron emitted from it is 0.1 electron volts. The
energy of the incident photon is-

(@) 21eV (b) 0.9eV
() 2.2eV (d 2.0eV

U U1 I8 &1 1 B 2.1 $MagH alee lgad

3df3d BIel- goiagia & Head Tfast H31l 04
sAag aloe 81 3Tafad Wiel= & i 8-
(@ 21eV (b) 0.9eV

(0 22eV (d) 2.0eV

()

Energy of photon is-

(@ hv (b hv/c?

© hv/c? d  hv/c?
I &I Hatf 8-

(@ hv (b hv/c?

© hv/c? (d)  hvy/c?

(a)

Which of the following represents the momentum of
the photon -

(@ hv (b)  hv/c?
©  h/A d  he/a
0 & | 19 |1 B & HaT &) TG ST &
(@ hv (b)  hv/c?
() h/a (d)  he/r

(c)

The dimension of Planck’s constant is -
(@) force x time

(b) force x distance

(c) force x distance x time

(d) force x distance/time

e fradics ot faar & -
(@ ¢ xJHT (b) oA xTH
(© & x Gl x T (d) & x Gl /g

(c)

If the frequency of incident light is doubled in the
experiment of photoelectric effect, then the stopping
potential will become -

(@) twice (b)  half

() less than twice (d)  more than twice

gfe geptr YUTd &b 9aT & Hafad UsiRn i
g g & €1 STy A FARYed fava & smo -

(@ GIHET (b) 3Te
(© GHIADH d) g A 3fgS
(d)

A IR, I, FTRES
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10) The ratio of de-Broglie wavelength associated with process. The time lag between the incidence of
two electrons accelerated 25V and 36V is- radiation and emissions of photo electrons is very
small, less than even 10 seconds.
(@ 25/36 (b) 36/25 = "
© 5/6 d 6/5 I SAECD TTa & FH 53 9o &
c .
< < . | 3R 377afaq fafaor &t ,ufa Adhs
25V 3R 36V @ & sAagH] | 313 S-ae! av ﬁ%%gﬁm&m TR hI
dedf o1 3TUTa & radT o5 FETATC! 81l 8l
(@ 25/36 (b)  36/25 2. fodt_feu U arq & A1y, 3mufad fafeor ot
(0 5/6 (d 6/5 B HRIT T ] 5 g k)
¢ pleIseareH bl Pl 351 el BIdT &l 37 g
Ans-  (d P CEIST AT PHeT e 8l
11) The photocurrent generated is in the order of - 3. CEail5 3—1‘@[‘?{ e & AIY, 3A51d T
L FferhaH TTfds1 H311 TAfdd_WBIRT b diadm I
(@) ampere (b)  milliampere e Bl 8 Mfch dhact 3TTaTdd UhIT bl 3Ty
() microampere (d none of the above. @1 T eeH) R R el &l
I WbTIRIS &1 fper 0 3 et & - 4. . 3 qIepiietes afdbar 9¥ 2
faferoTt <t TreT godCiAl & 35 b
(@ TR b) Ao §ta @1 AHY 37T 984 BIeT & T8 ddb 1 10°
(© HEHITHR @) IURIE A B TEN Abs 3 ot |
Ans- (© 6) Write and explain Einstein’s Equation of the
Photoelectric Effect?
Subjective Questions/fawafTs s | BIEEAage TUTd & ST &S THIHR0T I A
3R THEATy?
n What is the phenomenon of emission of electrons Ans- Einstein e’xplained the photoelectric foect on t.he bgsis
from the surface of a metal on illumination called? of F’Ia.ncks guantum theory, acco.rdlng to which light
N radiation travels in the form of discrete photons. The
foodY o1 & U8 U USRI 5T W 30 g8 o A energy of photon is hv,
ﬁﬁmamégaﬁ DI UCAT P FATHEAE ? E=hV .(1)
Ans- Photoelectric Effect Where ‘i’ is Planck’s constant, and ‘V’ is the frequency
I - WQT%?FTH‘H‘IH of the emitted radiation.
2) What is the rest mass of a photon? The. quantum energy provided by the photons is
partially used by the electron to overcome the molecular
B &1 favm gom Far aan @ ? attraction of the surface.
Ans- zero This energy is constant for a surface, and is denoted
3) Two p.articles ha\.le equal momenta. What is the ratio (L‘:J())/nc;;tntlsf;:ilZ?V';hnen:\;c;relji;linctlon of a surface and is
of their de-Broglie wavelengths? Theref
. . o . erefore,
S HUTI BT AT STaR BT 81 39 S-giret aon def o
&1 mm?‘? The kinetic energy of a photoelectron = (energy
) provided by the photon) - (energy used to come out of
Ans- P, =P, the surface).
ratiod;: 4, = 1:1 Thus the equation is given, KE.=hV - @ ...(2)
4) Write Einstein’s photo-electric equation. This is Einstein’s photoelectric equation.
HTETN &1 U1 - el writavor ford | MR- IREH T Woe $ ddieH ffgeid & 3MgR W
1 : BIcsaifded J9Td &l aRAT dl, Fad 3R
Ans- jmﬁm:h(,,_,/o) Y13 ffeseur 3R B & 9 H I Bl &l
WHIeH H3! hv &l
5) Describe the laws of photoelectric effect? E=hV..(1)
BIelsmided YHTd & fad &1 o B2 &t ' Wi RRI® & 3R v Isia fafewor &
Ans- The laws of photoelectric effects are as below: Tgf &l
1. Given metal and frequency of incident radiation, e & UTdDb Waﬁagaﬂfraa o0 Wil
the number of photoelectrons ejected per second is TRT UeH &1 3T aTeil adicH 3Hail 3R 9
directly proportional to the intensity of the incident Soige i gRT 3TN &1 ST &l
light.
’ , , , T8 3311 Uob A8 & iU R 8, 3R 33 o gr1 Ffua
2. With a given metal, there exists some certain 3T STTaT 21 22 o Tde T B BT Hel STdT &
minimum freq.uelncy of the incident radiation below WWWWW@&%WWW?
which no emission of photoelectrons takes place. e BIeEATEH B
This frequency is called threshold frequency. P N
3. With a threshold frequency set, the maximum kinetic 31 331 = (BICH GRT IS B 1 H3h) - @ A
energy of the emitted photoelectron is independent §TER 3T & AU 379N 61 178 3531h|
of the intensity of the incident light but depends only 2T UhR THIRIOT feaT T &, KE =hv - ..(2)
upon frequency (or wavelength) of the incident light. .
TSI BT Bl dgd HHIBIUT
4. The photoelectric emission is an instantaneous ae il &
HafT-12 (N 755\ FMEIRA, A, TRES
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7) Write properties of the Photon. dqq,
®IeH & o1 faf&u| afe v <p, A1 BICIgAdCIT BT BIS $IRM &l
Ans- Properties of the Photon 3ﬂ?3! 71U, BIS BICTSA T E{ﬂﬁ-‘-!ﬁvﬁ ) !
1. For a photon, all the quantum numbers are zero. Eﬁ«r V=V, &g & qdE WICISedcTl Eﬁ qdreR
2. A photon does not have any mass, charge and they (BT fEaT ST &, S HIH H, Setare - ol TTfelsT Ha11
are not reflected in a magnetic and electric field. ?l:qg e
3. The photon moves at the speed of light in empty gfe v >V, @ AT 31T &b 1T BIesmdeid Tds o
space. qTeR b
4. Dur.mg the |nteract|9n. of matters with rad|a.t|on, 9 Define work function or threshold energy (®).
radiation behaves as it is made up of small particles .
called photons. &I B a1 JTeIes U1 (0) B afRaTia &1 |
5. Photons are virtual particles. The photon energy is  pns- Work Function or Threshold Energy (&)
directly proportional to its frequency and inversely o ) )
proportional to its wavelength. The minimum energy required to ermt photoelectrons
6. The momentum and energy of the photons are from a metal is called the work function of that metal.
related as given below ® =hV =hc/A,
E i p-c wherz fth The work function is a characteristic of a given metal. If
p = magnitu €o the momentum E = energy of incident photon, then
¢ = speed of light
IR-  BIEH BT If E < &, there will be no photoelectric effect.
1. TP BIeH & A0, F’ﬁ?ﬁ'@'ﬂ'@ﬂﬁ ?Hﬁ?ﬁ?l If E = D, jchere will be only a photoelectric effect bl:lt
. . the kinetic energy of the emitted photoelectron will
2. Tob WICI- I bl GodHT, 3TTaRT el 81T & 3R d be zero.
qah1g 37R fagra &= o ufaifard 78t e 8l . . :
- . If E>®, the photoelectric effect will occur with the
3. BT WIcil 51178 § Y11 & 1 F Teiel &l capture of kinetic energy by the emitted electron.
4. fafeRor & Ty uery aﬁw%%aﬁvﬂ, IR- B BT a7 IRTEE T (@)
fafosiuT TgeR Rl € 313 T& BIC HUIT A FA7 eral
2 {53 wIet BT sTar 3 34 33t DI 3T fosll o1q A IPHIRT SaiaeA
. g B & fU 377aRTD 8, 3 €1 BT BTy Bt
5. BT MR H0T &d & Bied Hsil sHbT FEa |
ARy & M uUas 3R s @ Saf &
AT el 31 ®=hV, =hc/A,
6. TRTCTY 35 4T 3R 35371 apT s 1Y Ry Y 3R P e (Sl U MU e b1 faRIwer &1 afc € -
3 fegme YT BICH I HTi, a9
E = p.c 3781, p = I &1 URHTOT, ¢ = UaB121 B 7fy afe E < o, IS TIRI-fergld wra 72T el
8) Define threshold frequency (V,). qﬁé - q%, N ?IE J %T ﬁqu gﬂﬁf{[:qg I?I 3 e
a&w1 AgRT (v,) P aRurfia &7 .
Vo) e E> ¢, 3T SMag gRT TfdsT Hafl & A1d
Ans- Threshold frequency (V) BIcismided U gl
The minimum frequency of incident light or radiation  1¢) What are matter waves?
that will produce a photoelectric effect i.e. the extraction T T &
of photoelectrons from the surface of a metal is known o )
as the threshold frequency for the metal. It is constant ~ Ans- Waves associated with moving particles of matter are
for a specific metal but may be different for different called de-Broglie waves or matter waves.
metals. The wavelength A of a matter-wave can be determined
If ¥ = frequency of incident photon and P = threshold by -
frequency, then, 2 h
If v <P, there will be no ejection of photoelectrons and N yu
hence, no photoelectric effect. where h represents Planck’s constant, and p represents
If v =V, photoelectrons are ejected from the metal the traveling particle’s momentum.
surface, in this case, the kinetic energy of the electron is IR-  gers % nfam GTU'IT@TSJE'T T Y ST a T
zero. ;
If v>Vp,then photoelectrons will eject from the surface Wﬁmm il
with kinetic energy aw &ex (a) a1 FrerfRoT foasat 511 TesdT 8-
IW- el 3R () 1=
U T YebIR1 AT fafevor &l iam 31gf & 51 Ueh P _
PpleIgaifereeh UHTd 3cad BTl art e bl Jae T8t h Wb FRRIG @1 gfaffea &=dT 8, 31R p g
' &1 R a1q & f\u dHEes 3qf P Aol U ol il BT U Terd o &l
& T G ST ST &l T8 Uep 1dRTE a7 o fy R e
wfes fafos emrq3il & feu 9 81 Johar 8l
gfe v = 31ufad Wwieid &I 3mgf 3R v, = <Ealt 311,
HafT-12 (N 735) A IR, I, FTRES

(LA



CHAPTER - 12

ATOMS
UHIT]

Objective Questions/ X8 U

sT33Io Waed ¥ Fofafaa & 4 o & e
wETA A @

1 The size of an atomis a) TS b) dTeHR
a  10°m b} 10°m 0 uEH d §Pc
) 101 d) 10"
c m m 3TR- a)  ETSEA
URHTU] T HTHR &l &
a  10°m b 10®m 6. The ionization energy of a hydrogen atom is
) 10™m d) 10"m a) -136eV b) 136eV
3 o9 107m o  Infinity d  zero
2. The force which causes scattering of alpha particlesin R
the Rutherford alpha particle scattering experiment BTSRIST TR IH?IBII = FHat 3
is- a) -136eV by 136eV
a)  Gravitational force  b)  Coulomb force \ . -
o 3Ad
c)  Magnetic force d)  Nucleus force
ETBIE & 3BT HUTUHIUH T A seprpuii S0 D 1366V
B0 T HROT I et qed 8- 7. Electron Volt measures
a)  TodThYUT g b) Do T
) P " R g a) Charge b)  Potential Energy
c |
IR b)  PHoTe g ¢ current d)  Energy
3. The Dimensional formula of Rydberg constant is sﬁaﬁﬂaﬁﬁ:m%
a) ML) b)  [MOLoT] a  fagd smaw b fRfdst 3=
o [M°L'T d ML E f
et fFradics &1 g g7 @ C) [ ¢
a)  [MeLT] by [MOLoT] ELLL A
o [M°LTY] d) [MLT] 8. Nucleus of an atom consists of
3 ML a)  Protons b)  Protons and Neutrons
. f
4 x rays are made o c¢)  Alpha particles d)  Protons and Electrons
a)  positively charged particles . "
b)  negatively charged particles R ]35 T3 Brd
o) from neutrons a) WleH b) Wer 3iRIgH
d) from electromagnetic waves o 370l HUT d e sir S
x faeot &=t gt & e
a)  GATHSD HTARId HUTGRT 3
b)  THRIED TY A 37T BT ERT 9. The unit of Rydberg constant is
o JgeHA a m! by m
d fagd gEST R A o st d s
T o (R R ezl feRis Hr sorg @
5. Which of the following series in hydrogen spectrum
lies in ultraviolet range a mt b) m
a) Lyman b)  Balmer o st d s
c)  Paschen d)  Brackett IdR- a  mt
10. The atomic number and mass number of a sample
of atoms are A and Z respectively. The number of
neutrons in its atom will be
HeafT-12 (1T — FMEIRA, A, TRES




a A b) B

iii)  Itis against the Hesienberg Uncertainty principle.

9 A+Z 4 Az 6. R & GRHTOT HIse I 19 HH13HT BT 37@ B0
mﬁ*wq’?ﬁmm}ﬁ?m 3dR- i) q‘b’éﬂ%%lssﬁq jﬁgqq U]ﬁjﬁ Het, Lin%
ST P A 3R 2 ¥l §6d gwHre] F [y B I T HTRAT T
a1 it i) T8 U goIa I bl DT AT & Wi goiarei
2 A b B BT T Upfa T 8rell 8l
9 A+Z o A7 i) g% &aT HAFARaadr Rgeid & A 8
IqR- d  AZ 7. What do you understand by excitation energy
and lonisation Energy? What measurement unit is
8 q commonly used for them?
Subjective questions/fawafas us | mony .
Ans- Excitation Energy- The amount of energy required by
an electron to jump from the ground state to any one of
1 Which experiment proves the existence of a nucleus. excited states
Ans-  Rutherford scattering Experiment lonisation Energy- the amount of energy given to an
1. oo v ¥ 1ifere &1 31fiaa fAca aar 1 electron due to which it comes out completely from the
) tom.
MR- IEIPBIS YU T atom
Th P is al | h 2 For both types of energies the measurement unit
2. e mass of a neutron is almost equal to the mass of? commonly used is Electron Volt.
Ans- Proton 7. 35 FHtt 3R AT FHtf | 3T FAT AHET F
2. YT BT GHAT T fhads THT & SRIaR Bl 37 fAU AR R 58 a9 & $61$ HT1 3UE
# o stTar #2
3R UIeH IWR- 3Ads Hott- Y FfAfa F fovelt 3qafza whafa o
3. Hydrogen atoms consist of which particles? P & U Uh SHDEI GRT HATIRED 3 Y AT
Ans- A proton and an Electron %“ a_ga“: %E—EWS I g a_g'aa Kl ﬁﬁal?ﬁaaqgli W353i
3. FTS3151 URHTY] {5 Uil | fireras s aar &2 et 3TTAT 2| I
IR UH I 3R TP A <l TR BT FHATHT & FAU AR TR SRHTSA i
4. Which forces act between a proton and an electron ST ATt 419 318 SMaci- aloc ol
inside an atom? 8. Using the Bohr's Hypothesis derive the de Broglie
Ans- Gravitational and Coulomb force wavelength of the electrons of a Hydrogen atom.
4. tRTITUIai R U AR sAFcAF o BH-AaTad Ans According to Bohr's quantum hypothesis
&1d BT 7 Angular momentum=nh/2m
o Therefore mvr=nh/2m
- eTEHNOT §cT 0T PetH qet Or, pr=nh/2m (p=mv)
5. A difference of 2.3 eV separates two energy levels in Or, nh=p(21r)
an atom. What is the frequency of radiation emitted Or, h/p=2mr/n
when the atom makes a transition from the upper to We know that de Broglie wavelength A=h/p
the lower level? Therefore A=2mr/n
Ans-  Itis given that 8. I I IRRBHeT BT ITANT b FTSZIST UIHTU] &
Separation of two energy levels ; bkl def el
P % 3W- IR B IFicH URBIAT b AR
AE=2.3eV=2.3x1.6x10"J BT T =nh/2m
h=6.62x1034s, v=frequency of the emitted radiation SATAU mvr=nh/2m
v=AE/h=2.3x1.6x1079/6.62x103=5.6x10* Hz. $ ELi”pT; znl:)(p=m")
5. 23 evmmm%ﬁﬁmﬁﬁﬁ@m T h/p=2mr/n
T 8l 519 ¥ Fa@ wr ° G@aor & STHQ & 3 S Simrett ae &af a=h/p
a1 & aY 3fta HI g o 8l #2 Ay A=2mr/n
3TR- fear e 9. Are the electrons in the stationary orbit of an atom at
a‘raﬁrfmaqum rest? Explain.
ane- Mo The sldion i the satonan artit of an st
h=6.62x107*]s, v= a3 q < the electrons are a rest but it means that the electrons
v=AE/h=2.3%1.6x10"%/6.62x10=5.6x10" &C3T revolving in an orbit have constant energy.
6. Mention Three limitations of Bohr’s Atomic Model 9. WTWTUIH%WEW%F}RT?W*WI
Ans- i) Itonly explains the spectra of Hydrogen like atoms ~ 3R-  Tei| fchafl TRATU] 1 fRR el & soiaei= (R 3a
like He®, Li** ﬁrqﬁ;‘m gl ﬁu?asgn%ao‘r 314 g el & b gelag
. , . R € dfeeh 581 319 & fob halm H A ated serei-l
i) It considers an electron as a particle but electrons ¥ 35511 g & 21
also have wave nature.
HafT-12 (N 57 FMEIRA, A, TRES




10. Explain  Rutherford’s « -particle scattering (i) and (i), and then get K and V from equations (iii) and
experiment. (iv)
Ans- Rutherford studied scattering of a- particle from a thin From equation (ii)
gold foil. r=nh/2mmv
a- particle is a positively charged particle, with mass substituting the expression of r in equation (i)
almost equal tg that of_ a Helium atom and positive st = 22T mu
charge equal in magnitude to the charge of two Arwe,nh
electrons. v=e?/2¢_nh......(V)
When a- particles fall on a thin gold foil then they get putting the expression of v from equation (v) into (ii)
scattered. .
r=2n’h’ g /2mrme-....... (vi)
We have the following observations from this . o . .
experiment- Calculatling k|net|§ and potential energy from equation
. . (v) and(vi)and adding
1. Most of the a-particles go undeviated.
2. Few of the a- particles get slightly deviated ie get 1 2 27T2me4
deviated by small angles. En :_( 4mel) 2h2
3. Very few particles, almost one in 10000, get deviated n
by 90° or more. .
, . 1. R & fAgdid &1 yaITT &d §U 5351 & U
V\lge d?wn following conclusions from above a;&nqsﬁmﬁmfa;mmwml
observations- . o
IR TS H 3URRIA YT & HRUT ET3515 UIHTU]
1. Most parts of an atom are empty therefore most a- -
. . AT WR 3 HbB< g1
particles go undeviated . )
2. As positively charged a- particles get deviated by the mv?/r=e?/4me [......(1
nucleus so the nucleus is also positively charged. IR ﬁTQfETi?T$ 3TNER
3. Tre size of a nucleus is very small compared to an mvr=nh/2m.....(ii)
atom.
ST FHati=mvz/2=K...... (i)
10. TEIBIE & -BHUT YebIUTT JNT Y ATAT HIfAT| f_aqﬁ /4 Ve i
fRIfd3T 3H3Ti=- e¥/4me _r=V........ iv
IR- TIBIS 7 FH DI Ude! Tl F o-hUT B UhIU bl sif °
37eT el P E=K+V
& FHEROT () 371 (i) I r 3R v & oy 351 g
o DU U GTHG T A ARG BT &, Fae W%aﬁgﬁa—q(") 2T (1 372 ) B K 37T
ey 3 THTHRT (jii) (ivHK \Y
SOH T Uch EfeTaH URATO] & §R1aR &Iell & aTE T g
3TR EMTAD 373 T SHaCT-T & 37TART & URHTT & )
TSR BT ] FHIROT (i) A
519 - 0T fbaft Ul W BT ot IR iR § v 3 fa r=nh/2mmv ,
ST & r @1 HT AHIEHROT () H 39 TR
59 yaT A e Fmfe i@ Yeror o g # o = € 27my
1. FTEIBIRN o-chuT FHfadore Tt &l e nﬁ” e(v)”h
: . = SO ..........
2. B O 1 e €1 § 3ot o o T e iy 8 T
3 T T, TN 10000 T F TP, 90° AT S r=2n’h’ g /2mmmec....... (vi)
ﬁ%ﬁﬁ?ﬁﬁs‘rm%l ' W(v)ajﬂ??(vi)ﬁwﬁaaﬂ?ﬁmﬁﬁmﬁ
. . MUHT R &b 3R ST W
IR Yaon | 70 FAufafed e e & 5 9 4
1. U TRETU] ST AT W1 Wt elm € gAY En:—( 1 ) 2m” me
HFABI o HUT F7faaford & &l Are0 /) 252
2. fh EFTHD T A AR a- HUT TS GRT
81 317 & gAfeiy A1 off o7 ¥U A
1A €T 8l
3. URHTU] ST o1 5 11 T 3THR 9§ BIeT eldl 8l
11. Derive the expression for the energy of an orbital
electron of Hydrogen using Bohr’s principle.
Ans- Centripetal Force on the electron of hydrogen atom due
to the proton present in the nucleus
mv?/r=e?/411e 1.......{I)
according to the Bohr's Principle
mvr=nh/2m.......(ii)
Kinetic Energy=mv?/2=K......(iii)
Electrical Potential Energy=- €/41Te r=V......(Iv)
Total Energy E=K+V
We can get the expressions for r and v from equations
HafT-12 (N 53 A IR, I, FTRES




CHAPTER - 13

NUCLEI
ENE

Objective Questions/ aﬁﬁm ¥ R0 @3RG
5. An electric field can deflect
1 What is the difference between atoms ;A% and ;,As. a)  Xerays b} Neutrons
a) ;A3 has one more electron ) a-Particles d  yrays
b)  ;A3¢ has one more proton ﬁmmﬁmmm% .
c) ;A3 has one more neutron a  TER by e ]
d)  None of the above A P d  yfeRoT
TRHTOY A5 3R A% 3 T ST 81 J|E 9 e o
o e o ST e g Pl 90
b) A% U HfEDH UIeH & a)  125% b)  25%
0 AT TS HEDS YL E o  100% d  875%
d 3R § A BIE TEl = 3118 Sl & a1 fasa ufasra Weaverd gerd
IR O AT UB IR YR ferafea & s &
2. Which of the following is not present in a Hydrogen ) 125% by 25%
Atom. )  100% d  875%
a)  Electron b)  Proton 3W- d 875%
o  Neutron d  Nucleus 7. If aradioactive Atom emits a §-particle then its atomic
. . . mass
E’Hﬁﬁﬁﬁﬁaﬁqmmmﬂmqﬁ a)  Increases by one unit
2 s o e 0 Decesses by o unis
o g d  TTfHs d)  Increases by two units
3R o oA afE ®ig YEarawt wmry g-wuT Ifa wwar ¢ ar
3. If a radioactive Atom emits gamma radiation its FHPTAHTOY GoriT
atomic number a) UPIHE A e
a)  Increases by one unit by 3TufRafed Ear s
b)  Decreases by one unit O CISHTSEl H U AT &
c¢)  Decreases by two units d ﬁmﬁ%aﬁﬁ%
d) Remains unchanged ERES by 3afafa e s
gfe ¢ Wearawt GRETUY T fafevor 3mfsfa & Bizic has a half life of 5 days. If we start with 10,090
HTdr %mmmm atoms of it, then the number of atoms that remains
after 10 days are
2 UPIPEATGAE a) 5000 b) 2500
b) wmﬁa—dﬁ% o) 1500 d) 1250
o CISPISUT AT AN & Bizo @ 31TENT 3fa 5 &Y &1 ¥ran 21 afe &0 0
d e geddrs 10,000 GRATOTHT | URH &, A 10 f&AT & are AW
IR d  TédcHars T IRETOLHY Y ¥ @
4. Which Force works between a proton and a neutron a) 5000 b) 2500
inside a nucleus c) 1500 d) 1250
a)  Gravitational b)  Nuclear 3TR- b) 2500
¢ (a)and (b) d)  None of these . Radioactive isotope 4,X240 emits two a-Particles and
1 & 312X wielT 3k “ETT-[ AT T ar s one B-particle. The resulting isotope is
&rd HIaT @ a  gY® b)  eeY?®
a TRdg by ATfdSY Q) geYo d) Yo
o @3Rb d ST AR ST
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et TR X200 S 0-BUT 3R Ud B-hUT 6. Show that the density of a nucleus is independent of
3afsia wwar 81 ufvomt smsHeg @ its mass number.
a) g Y22 b)  geY22 Ans- Radius of a nucleus is given by
c) 86 Y240 d) 84 Y242 R=R,Av3
I3 a) g Y2 Where R, is a constant and A is the mass number, R is
. . . _— the radius of the nucleus.
10. Which one is not an electromagnetic radiation o
) b Considering nucleus to be a sphere
¥ ey ) yrays Volume of the nucleus
c) Xrays d) Infrared Rays V=aTIR3/3=4TIRA/3
Bl I“HTﬁ'QH q g1y fafevor Tei Density of the nucleus(p)
a o fHR00 b y-feol =mA/V (m is the mass of one nucleon)
o TR d RS farol =3m/41Ro?
3TR- a) o fopeol Hence p, is free of A
6. i3y {6 ATUS BT u 3BT GaH FHT T
Subjective Questions/fawafTs us iz =78 S=arl
IR AT o BT 30 UBR < ST §
1. Write the relation between mass number and the R = R,Av3
radius of a nucleus. STl R, Ueb Fradics & 31k A qormm #em &, R A1
0 ’
Ans- R=R,Av3 Where R, is a constant and A is the mass CAREEIE]
number and R is the radius of the nucleus. Wﬁmqﬂﬁ@
L T JE 3R Tfte & iz & dv d9g Tifere &7 3Taa
vl ] ) ] V=411R3/3=41TR,3A/3
MR- R=R,A¥ T8I R, U [RRI & 37X A GoaHT= a1 & 3iR e BT 1A (o)
R T1fYeh 1 =T 8l .
=mA/V (m U Gf&TaT bl GoHHT 8)
2. what is the equivalent energy of one kg of mass?
=3m/41Ry3
Ans- we know that E=mc? . 3, AR %%
E=tkg x (3x10°m/sp=9 x10t¢ here c=3x10°m/s is the o Why are the number of the neutrons in a heavy nuclei
speed of light in vacuum. more than the number of protons?
2 U fut semm b | iqe 1 35311 faper 81ell &2 Ans- The neutrons inside a nucleus exert only the attractive
3%R- &9 5T & fh E=mc> nuclear force on other nucleons, unlike the protons
F=1kg x (3x108m/s)=9 x101) T&T c=3x108m/s afe ¥ which exert repulsive coulomb force also. S.o Fhe
Hrmfag presence of more neutron increases the binding
YDBIRT | A
nuclear force inside a heavy nucleus. The presence of
3. Write relation between half life and average life of a more neutrons is necessary because nuclear force is
radioactive isotope. a short range force in contrast to the coulomb force
Ans- Average LIfe(T, )=Half Life(T,,)/0.693 which is _Iong range force, hence neutrons need to be
3. YRt aueaTiie @ 312\‘33“{3‘11?311%31’[335 pres<|er_1t in a(!lllwcmlty of thelnucblefus to balance the
19 ey FRfEu| repulsive and long range coulomb force.
3R- 3itga st T(T,.o)=3TEIT S11AA(T,,)/0.693 7 QA mmm@, { b2l b2l
i ? . . .
4. What is the mass number of an atom? IR U A1 & 37R & et 37 Wm W Had
Ans- mass number(A) of an atom is the sum of its proton 3THYD AR go1 oI &, Uled & faudd 3T
number(Z) and neutron number(N). qﬁm@ﬁ{w%ﬁmﬁl}lﬁz 3feres g1 bl
A=Z+N 3URIF 1A 1D & IR FETHRY ATFHBT TeT Bl
& . & geT &t 81318 g B 3ufRf 31mauss & ifs
4. URHTU] Y GO AT T &It 2 ST T, Porrd 9 & AU T BIST gl BT
IWR- [ IRHTO] &Y ST AT (A) 3HDY W AT (2) T &, safeiy UfdeRed 3R ofdll gl & i a7 Dl
3R YT FWAT (N) BT AT &I 8 Ffeid B3 & iy Y= &1 A1 B IR AR H15E
A=Z+N g1 91feUl
5. What changes take place in the atomic number and 8. F|nc: out 14th'e binding energy of the Nitrogen
mass number in a negative § decay? nucleus;N4) in MeV.
Ans- In a negative B decay the mass number remains My=14.00307u,mM,=1.00867u,m;=1.00783u
unchanged and atomic number increases by one. Ans- ;N4 nucleus contains 7 protons and 7 neutrons and its
5. FOICHS p &7 & IRAT0] AT 3R gormr ot o atom has 7 electrons also
a1 gfiad= 81 &7 M\=14.00307u (Atomic mass of ;N1)
MR- BUNHS p &g o goad AT 37afiafdd &t & 31k Am=7my+7my-m
TRAT] AT U 96 STTell & AmM=7X1.007825+7x1.008665-14.00307
HeafT-12 (1T — FMEIRA, A, TRES
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Ans-

10.

Ans-

HefT-12 (N

Am=0.11236u
But,1u=931.5MeV/c2
Am=0.11236x931.5MeV/c2
E+=0.11236Xx931.5(MeV/c2)xc?
E,=104.66334MeV

Binding Energy=104.66334MeV

MeV T ATSEISH ATUD (;N) Bl 6 FH31f BT aal

oyl

mN=14.00307u,m,=1.00867u,m;;=1.00783u

Nus TS & 7 Wiet 37k 7 e 81d § 37k s
QRATI] & 7 gearg i ol B‘Iﬁ?

My=14.00307Uu (;N14 &1 GIHTU] THHT )

Am=7my+7ma-my

Am=7x1.007825+7x1.008665-14.00307

Am=0.11236u

U=, 1u=931.5MeV/c2

Am=0.11236x931.5MeV/c2

E+=0.11236x931.5(MeV/c2)xc?

E,=104.66334MeV

& 3371 =104.66334MeV

Write the nuclear equation of the following-

() a-decay of g, X8

(i)  p--decay of o, X236

(i)

(Daughter nucleus may be called Y)

B+-decay of g,X210

(i) g4X21854,Y2144+,Hes(a-particle)
(i) oX236mg,Y204e(B--particle)}+ U
(i) X205, Y2010+ V

o &1 Arfirhrg TriesroT fAd-
() auX2® BT -1

(i) o1X220 PT B--&1T

(i) gX2t0 T Br-&1T

afa A1f9e B Y ST Jabd &)

(i) gaX218g,Y2144,He4(a-chUT)

(i) oX70m0,Y2304e(p -BUN+
(i)
The fission properties of ;,Puz° are very similar to
those of ;,U235.The average energy released per fission

is 180MeV.How much energy, in MeV, is released if all
the atoms in 1kg of pure ,Pu232undergo fission?

82)(210_>81Y210.|.e+.|. V

No of nuclei present in 239gm of 4,Pu239=6.023x1023
So from unitary method

No of nuclei present in 1000 gm of 4,Pu239 = (6.023x102.
X1000)/239=25.2 X103

Energy released from fission of 1kg of ¢,Pu230
=180.x25.2.X1023 MeV
=4.536x102 MeV

10.

osPU & aE T[UT ,U=3s35 \HTA &1 i fadasa &
ﬁmﬁﬁmc—gaﬂm Hal 180:;ev 2 q%ﬁékg al-qg
94PU239 q N MeV

u bl uwru%?ﬁagq 1;31;3 e

54PU239 T 239 gm B 3T AT H DT bl AAT=6.023x1023
ﬂﬁ:mﬁﬂq )
o4PU9 & 1000 UTH H IUTRIA ATl HI TWAT =

(6.023x1023x1000)/239=25.2 X1023
04PUZ B 1 kg P TaRTST I Jard Hatl
=180.x25.2.x1023 MeV
=4.536x102¢ MeV
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CHAPTER - 1 SEMICONDUCTORELECTRONICS: MATERIALS, DEVICES, AND SIMPLE CIRCUITS
*| srderareres sotareiIdY:. werd, gfdat au aeet afay
Objective Questions/ a%ﬂﬁﬂ uH ‘ A j; TeeiaT
1. Universal Gate is - 6. 37 ATHI BT ATeTHAT
a)  NAND b) NOR a) A9 W R T8 Bt & b) Waaff@ra?cﬁ%
o Bothaandb d  AND 0 dudgIAdeds d A DI AE
grdfieNc 2 - Conductivity of semiconductors
a)  NAND b)  NOR a)  does not depend on temperature
o cFi3r3Re d AND b)  decreases with increase in temperature
Ans- S c) increases with increase in temperature
2. The name of the given gate is - d)  none of these
ﬂ Ans- o
7. At what temperature the semiconductor behaves like
a)  NAND b)  NOR a perfect insulator
¢ AND d OR a) oK b) o°C
Romgiesram - 0  OF d 100°C
—} B | aIEE BR3¢ IS U Yol puTes & S
— HGER HYAT &
a)  NAND b) NOR a) oK b) oc°C
o AND d OR o O°F d  100°C
Ans- a) Ans- a)
3. The basic gates are 8. The most common material used in the manufacture
a)  OR,NOR,NOT b)  AND, OR,NOT of transistors is
¢ OR,NAND,NO d) XOR,NOT,AND a)  Copper b)  Silicon
Hal e c)  Ebonite d)  Silver
a)  OR,NOR,NOT b)  AND, OR,NOT gifsreex &Y 91 & ugaa Haffos A uard @
o) OR,NAND,NO d)  XOR,NOT,AND a) diaT by fafes
Ans- b o TUdHEe d  =id
4. In p -type semiconductor What kind of impurity is  Ans- b)
found 9. The gate shown in the picture works as which of the
a)  with valency of three b)  with valency of five following gate?
c) withvalencyoftwo d)  with valency of one
p -CT3Y 31eiaTeies | Y 31[gfer fireh) et &
a) FAEGATAADB b))  HYISHA YT Dl
o HABATSI BT d  HASHATTH Dl
Ans- a) a) OR b)  AND
5. The depletion layer of p-n junction diode consists of o NOT d>  none of these
a) electrons only A ffmm e s ANc M Far?
b)  holes only
c)  both electron and holes
d) neither electron nor holes
p-n s s st wRadaa €
2 PadsaaeH a) OR b)  AND ‘
b et R o NOT d AT A BIS T8
o sevaeH 3R Rigeat =t Ans=
HeafT-12 (1T 37 FMEIRA, A, TRES




10. Name the diode given in the figure Ans- It is an impure semiconductor made by doping process
thereby reducing the band gap up to 0.01 eV.
In the case of n-type semiconductor, the donor
energy level is very close to the unfilled energy band
— (Conduction band). So it can easily donate an electron
L to that unfilled state.
In the case of P-type semiconductor, the acceptor
a  ZENER b LED energy level is very close to.the filled energy band
(Valance band). So it can easily accept the electrons
o LDR d  none of these from the filled state.
fe % ferg o sTits &t AT FaTY | 3. 16 31eiaTAS o1 €19 &2 (@ 3HTafve 3efareie wR
31[gear & fRafd &1 o gyma et §2
IWR- Fe SITUT Ufehar gRT ST 4T U 31R[GE AHfldhsae?
s dsiu o.01evAG BT FAT B
n-cTsd AHIHSITR & A H, SR Tt oty 37qf
I 3571 oS (hSTRI §3) & F8d BHile &1l &l 1 I8 A
A HsRM 5 | U seideH &M I AahdT ol
-CT3U AHIhsdex & A H, [ldhdf 3Ha1l Tk ¥R U
ZENER b) LED P N
2 ) , ﬁfé‘s’(ﬂﬁﬂé‘s’)%ﬁ@ﬁmmﬁlﬁ%ﬁ?
o LDR d TR A DS TEl 5511 &5 A SeraeTAl B 3T A ThHR B THT 8l
Ans- a) 4. Differentiate n-type and p-type Semiconductors.
F o Ans- N-t
Subjective Questions/fawafas us | ns ype
1. Impurity atom is pentavalent
2. Donor level lies close to the bottom of the conduction
1 What is a semiconductor? band
Ans- The materials in which the electrical conductivity 3. Electrons are the majority carriers and holes are the
lies between conductors and insulators are called minority carriers
semiconductors. The electrical conductivity of a P-t
. . : z. -type
semiconductor increases, when we add impurities and ) o
by increasing the temperature and it is contrary to the L. Impurity atom is trivalent
metals. They have negative temperature Coefficient of 2. Acceptor level lies close to the top of the valence
resistance and they are formed by covalent bonds. band.
1 HefaTeres 9T 7 3. Holes are the majority carriers and electrons are the
Iw- G amiErg iaqd ATeTdhdl hades] ﬁ?céqmce 2] minority carriers.
i BIcll & 3¢ 37ETToID el ST 8l EATAD B 4, n-2TgY 3R p-eT8u Aritdssaer & 37aR &R
Qe[ AT o STl &, 57 81 3R[gfadl o fored o n2TE
& 3R A9 & ggfar et & 37k ¥ a3l & fauda .
BT 81 373 T ABRITD ATIHT HfeRTET BT T[0T 1. 3R YRHTU] UHISTH &
81T & 3R & HedralsTeh qeit g1 a1 8| 2. SR Ao saR™M a3 3 A P Haa ST &
2. What are intrinsic semiconductors? 3. SgCId 98 dTed B & 37R fove sTeueas
Ans- A semiconductor in which holes and electrons are drEh EId &
created only by thermal excitation across the energy p-cTsy
gap is called an intrinsic semiconductor. A pure crystal e
of silicon or germanium is an intrinsic semiconductor. L IRQIETRH I. i &
In an intrinsic semiconductor the number of holes in 2. B TR o1 §3 & 2N & e f&ra grar sl
the valence band is equal to the number of electrons 3. Ble dgawwdlsq@ﬁﬁ%aﬁ?smxﬁ IR D
in the conduction band. The Fermi level for an intrinsic aTe®d ard Bl
semiconductor lies midway in the forbidden gap. Wh p p . -
f 5 5. at are donor and acceptor impurities?
> ﬂaajr wﬁ%?E : : e A A semiconductor i h'htF;' p'tt dded
. . . ns- semiconductor in which the impurity atoms are adde
3 us ST 3TeI?Te i%q-r‘, . by doping process is called Extrinsic semiconductor.
ST gRT paet Rfdat 3iR sede g g T &3 - e .
g Y 2| fAfaiey e The addition of impurities increases the carrier
= f 8l a ; Pl ;l_f\ °a concentration and conductivity. There are two types of
i wﬂ‘_ﬂy ?'Wf‘?ﬁ o\ f[. impurities.
3 11 feforat &1 IReAT TTe §3 ¥ sHaCTY T TWAT o ‘
& SRTER BT &l A7 37efaTeAD B &0 wHf ¥R af5ia 1. Donorimpurity which leads to N-type semiconductor.
3R & dra o fRua rar &l 2. Acceptor impurity which leads to P-type
3. What are extrinsic semiconductors? (or) What semiconductor.
is the effect of impurity states over intrinsic Donor impurity means it donates the electron to the
semiconductor? semiconductor materials and Acceptor impurity means
HeafT-12 (1T 38 FMEIRA, A, TRES




it is ready to accept an electron to form the covalent ffg T & ? I AR aﬂqﬁ%ﬂq}ﬂm
bond in semiconductor materials. ﬁ:gam"r g 3-11@1?[3’-11%7
5. Te 3417 uTél srpgferat aar & 3aR-  fear mar gqe Wiad (FaRr 3gf= 5o 8¢5
IR o Arfidhsder | S ufhar gRT R[gfa aRmTo] U 37l 1 fewepil & AU, T (A
5 € 30 Ui Adidsder @red 3edTeich) 317gfeh) Y Whlard T &b a=TaR il &l
Ped ¥ 3rpefel asifiRem ares wiear sk 31T Ueb 31ef T feeasTt 3 AU 3m3eye whia =
HHIdoSc%cea?fdlmwdlaamm%I IR[GTETT ST UbR 0 &3
CARGIN )
. T el & foiy, 33cyc hladdl gqc
1. ST 3R[GET ST UH-CT5T Arfdhserex aTd 8l %ﬁﬁﬁa’lﬁ?ﬁﬁ?l
2. TTehTd 3TR[GEdT 511 H1-2T8Y AHTchsdeR aTd! &l 317 ot T Tt & oty 3Mm3eqe e = 2 x 50
I 3TRIGENdT o1 374 & fob ue et Al bl =100 &3l
SOTFET S DT GEY !.Ei e i EHQKWW 34 & 8. Explain, with the help of a circuit diagram, the working
& g% 3reiaTores AT F WERAAISTeh 96 9 H & I ) e
< o of a p-n junction diode as a half-wave rectifier.
U U soiag i &l IHR T & oy IR 8T
2 Ans- Rectifier- A rectifier is a circuit which converts an
. alternating current into direct current.
6. What are the differences between a conductor and a
semiconductor? p-n diode as a half wave rectifier-
Ans- Conductor A half wave rectifier consists of a single diode as shown
. . . Lo in the circuit diagram. The secondary of the transformer
1. The conductor is a material which has low resistivity gives the desired a.c. voltage across A and B.
2. They will not behave as an insulator at any In the positive half cycle of ac, the voltage at A is
temperature. positive, the diode is forward biased and it conducts
3. They have positive coefficient of resistance current.
Semiconductor
1. The semiconductor is a material which has resistivity
lying between the conductor and an insulator.
2. The pure form of semiconductor can behave as an
insulator at zero Kelvin.
3. They have a negative temperature coefficient of
resistance.
6. Heacy 3R daT® & da 9T 3T & Transformer
IR~ HsaeR <A
1. PIFR TP U AT & Feht ufaRigssar ad b
G @
. . §' Input a.c.
2. 9 fosefl off ITUHT WR U fadaTeds & ¥U § AHdER E PR
&l el . N N~ 7
. o
3. 3% UTARYE T T[UTIch TeHeh BT & | g 4 } E E !
e 1 Qutput
Afidbsacy 8 i E | ivoitage
1. Arfidbsaey U U Al & f5ah! ufaRierdsdr & | | 1 i
haacy 3R Uob Sgoier & e el &l : LN sy,
2. 37EMITATD BT [GEN FU SRY BicdT IR Teb HaTeieh
P Y H HAER P [ebdlT 8l In the negative half cycle of ac, the voltage at A is
3. 3705 UTRTEN &I ATIHT T[UTids BUTTH 8IdT 2 negative, the diode is reversed biased and it does not
. X conduct current.
7. In half-wave rectification, what is the output ) .
frequency if the input frequency is 50 Hz. What is the Thus, we get output across RL during positive half cycles
output frequency of a full-wave rectifier for the same only. The output is unidirectional but varying.
input frequency. 8. Us -aan Redl & ¥4 o p-n AfT smals &
Ans-  Given Input frequency = 50 Hz HAYOTTA] TfRTY 3T &Y FAeTadT A IuEU|
For a half-wave rectifier, the output frequency is equal to 3dx- Esai!é feeaprfius U G & 51T g e & e
the input frequency. &rRT & gRRafcfe dheer &l
Therefore output frequency for a half-wave rectifier =50 Hz %"‘F;’T]?g 8T 99 faThrR @1 T fiEsrn
For a full-wave rectifier, the output frequency is twice . i .
the input frequency. 37ef T fewehrY ¥ U STUTs EiaT & S fob aRkay
o 3@ 1 fe@mar mat Bl R &1 fedias aifed
Therefore output frequency for a full-wave rectifier = 2 x U'\‘:ﬁ aﬁT%U 3R &t ﬁgaﬂ S
50 =100 Hz N
. . ac. & GATHS HefTeh U, A R dleedl TP BIdl 6,
7. 3ef a fegawor A afe e 31gfa soHz & &Y =TI 3MTeRTE QTS BT & 311k T8 &1 BT AT
HafT-12 (N 35) A IR, I, FTRES
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FRATE |

T & BUTTHS 3T T, A TR dleesT BUTTHD eIl
%,m;ﬁaﬁmmﬁaﬂ?wﬁzﬁWqﬁ
BT &

Primary
coil

Transformer

£
>

T
"
@
§' Input a.c.
E >
-
o
§ M
| Output
8 voltage
® .

T UBR, 89 B THRIHD 37T Thl & SRR R,

ﬁmwmﬁ%l T3cYC YHaid & mids
gfafda srarear g |

With the help of a suitable diagram, explain the
formation of depletion regions in a p-n junction. How
does its width change when the junction is

(i) forward biased, and
(ii) reverse biased?

As soon as a p-n junction is formed, the majority charge
carriers begin to diffuse from the regions of higher
concentration to the regions of lower concentrations.
Thus the electrons from the n-region diffuse into the
p-region and where they combine with the holes and
get neutralized. Similarly, the holes from the p-region
diffuse into the n-region where they combine with the
electrons and get neutralized.This process is called
electron-hole recombination.

Junselion Vy Fictitious battery

@@@@'9'@'@@@@
@@‘?@'@@'@@@@
@@@@'91@'@@@@
@@@@'@I@'@@@@

p-type I I n-type

The p-region near the junction is left with immobile
-ve ions and the n-region near the junction is left with
+ve ions as shown in the figure. The small region in
the vicinity of the junction which is depleted of free
charge carriers and has only immobile ions is called
the depletion layer. In the depletion region, a potential
difference Vg is created, called potential barrier as it
creates an electric field which opposes the further
diffusion of electrons and holes.

() Inforward bias,the width of the depletion region is

decreased.

(i) Inreverse bias,the width of the depletion region is
increased.

3TN B TeTadT A p-n AFE H 31qery A &
&1 T HIfU1 Gfer 81 U7 sHD) 9isE o
dco ATl &

) 3ufefies araa A
(ii) gafefise g o

%

%Isﬁ’rw pa’arﬁfét SAER] g
Wﬁ%mnﬁ%aﬂv%ﬁaﬁ%l
UfohdT &1 gHagi-T096 JAR A1 Hel ITaT 8l

Junction Vy Fictitious battery

™

@@@@'9*@'@@@@
@@@@'@@'@@@@
@@@@I@.@I@@’@
@@’@'@l@'@@@@

p-type I | n-type

TR & U p-8F T fRR ve 309 & d9d & 37k
SR & U n-8F § R +ve3dd & s9d & 341
5 = o femar T &1 STR™ & 39U & aF o
BT &F 5w qad 379 aTee! of wHl eidl & 3R
HaoT FRIR 319 81 &, 379817 U a7 &THT & HEaiTdl
T | 31984 A o, b fauTaiaRr Ve 89 4T &, 5
AfTeT faa a1 1TaT & Fifd g8 Ues fagd &7 & 5
gAae I 3R f&eT & 3T IR o1 faYer dT &l

[0) ?ﬁﬁmmﬁmmwﬁﬁaﬁwﬁaﬁ
|

(ii) g%ﬁmmﬁmmma?raﬁaéaaaﬁ
|

(i) With the help of circuit diagrams, distinguish
between forward biasing and reverse biasing of
a p-n junction diode.

(i) Draw V-l characteristics of a p-n junction diode
in
(a) forward bias,

(b) reverse bias.

FHNE3IRA, I, RS
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Ans-

i
@ Forward biasing Reverse biasing
P . P "
| Bl
= et e

(if) V-I characteristics of a p-n junction diode

(a) Forward bias (b} Reverse bias

%‘ Reverse bias (V)
i

é Break down
B voltage

g Knee voltage

£

Forward bias (V)

() uauing asianay

Centre tap Diode D,

° transformer
Figure

on
g
= PN Input wave;crrm
- 1 I I |
o ] | I :
o 1 | | |
g ] | | 1
g’ Due to ;Due to } Due to :Due to :
IERERENEN
§ I | I V¥ 5y
= Output waveform
> Figure

During the negative half cycle of a.c. input, the diode D,
is in reverse biased and does not conduct current while
diode D, is forward biased and conducts current. So we

10. () 9fray 3@l S Fgeraar A fet p-n #fE s/ .
¥ 3ufefRte arafi auT uxafefRie srafiT o get an output voltage across the load resistor R..
fade Hifsml 11 qof @1 Reert aftay &1 amifea fm 571
i) p-n | STEYE BT v-I 3fTaOs 3mfEa £8P B fAgala B1 TSV $7qE-HT3TYE B
T femml
() 3R TR 3R gofa :m * m;r;"r-uq 33;!;1? 's'rggm
@ wrafefRie srafin U (bed 9d YfGeThTIR H € STHS 3R Ueh fa1Y bR
#h TR T IAHIER 81T 8 51 Aer 2u gramriR & ¥ i
3R- STHT 77T & ST feb Aifdhe # fezamar man slei R
_ P fgdad aifsa pl. S p 3R A fagani s g
; .
@ Forward biasing Reverse biasing ﬁ“
P, P T & HBRIHD 37781 b b SR $YC, STTS D, 31
LA aTaH 7 & 37R i BT FeTol ol & sidieb D, Rad
I | & 3TR e BT TATe 761 Bl &l a1 &8 I8
AT R, & UR U 3113¢YC aleesT fHerdr 2l
== et g Diode D,
rimary
(if) V-I characteristics of a p-n junction diode %w« E ‘ ésecmm o
(a) Forward bias (b} Reverse bias .
i‘ Reverse bias (V) " Cene tap Diode D,
E ° transformer -
e pus) > guUre
3 g g .
= Break down 2 > nput wavafc:m
; voltage E 2 v
= i
g Knee voltage g e E
" Forward bias V) £ 2. |oue 1o IDue to | Due to |Due to i
& 2 b, D, D, D, 1|
[+ 1 >t
. e . . 3 Qutput waveform
11. Draw a labeled diagram of a full wave rectifier circuit. 2 Figure
State its working principle. Show the input-output
waveforms. AC & THRIHD T8 Teh & SR $1YC, 3113 D, R
Ans- p-n junction diode as full wave rectifier (tr%[% 3'?@} DI 2' !gvﬂ?g (3'ﬂ? Q’E F\sg Hdm%g‘;m! g
A full wave rectifier consists of two diodes and a special BT FATAT BT & a1 & ™5 ITXeX R, & IR TP
type of transformer known as center tap transformer as 3T3eYC et firerdaT &1
shown in the circuit. The secondary of the transformer h L. f . ion diod
gives the desired a.c. voltage across A and B. 12. Draw V-l characteristics of a p-n junction diode.
During the positive half cycle of a.c. input, the diode D, Answer the following questions, giving reasons:
is in forward bias and conducts current while D, is in 1. Why is the current under reverse bias almost
reverse biased and does not conduct current. So we get independent of the applied potential upto a critical
an output voltage across the load resistor Ry. voltage?
HeafT-12 (1T T SAAE IR, e, RIS




2. Why does the reverse current show a sudden

increase at the critical voltage? Characteristics
Name any semiconductor device which operates under I (mA)
the reverse bias in the breakdown region. M
Ans- 100+
L In reverse bias of p-n junction diodes the small 80+
current is due to the minority carrier and hence 604
resistance is also very high. Increase in voltage 404
leads to a very-very small increase in reverse
bias currents so we conclude that in reverse bias 100 80 60 40 i?]'
reverse current is almost independent of applied — — L3 (V)
potential up to a critical voltage because after V,.,’ 0 0204060810
this critical voltage, current increases suddenly. !
204
Characteristics 104
1 (mA)
N 1{pA)
100+
2. URITCRIP S0 H5TRM SHIS & Hiead J R
B YD 37A20 dTedh] & BRI 8Idl &l
S & Rad I s ggar d5TeRE WR faga
&7 7P 81 71T 8l 579 R a1 aree st 3R
dTeesT & SRTER 81 31T &, A1 STaRME 1 &5
Viv) drehd 3Tfa &1 STl &l STeR™ & T fdeld &
0204 0608 1.0 J -A188 W ded soiac ! ol Wia 37R
3% UA-9188 T 3R d¢H & iy vafe &l dhsr3d
a3 aTeesT R g4 geag A1 bl ST T 8Tl 8 a1 3T
€IRT &1 HRA 1 8l
1 (WA) SR 3113 37R Wil /TS Rawd a1aw & ded BH
A &l
2. In reverse bias, reverse current through junction 13. Writ'e distinguishing. features between f:onductors,
diodes is due to minority charge carriers. As reverse semlco'nductors and insulators on the basis of energy
bias voltage is increased, the electric field at the band diagrams.
junction becomes significant. When reverse bias  Ans- Distinguishing features between conductors,
voltage becomes equal to zener voltage, electric semiconductors and insulators:
field strength across the junction becomes high. (i) Insulator
Electric field across the junction is sufficient to pull . . )
valence electrons from the atom on the p- side and In the |nsu|at'or, the valgnce band is completely.ﬂlled.
accelerate them towards the n-side. The movement The conduction band is empty and the forbidden
of these electrons across the junction account for energy gap is quite large. So no electron is able to
high current which is observed at breakdown reverse go from valence band to conduction band even if an
voltage. .electrlcvfleld is applied. Hence electrical conduction is
Zener diode and photodiode operate under reverse |T1p055|ble.
bias. (i) Conductors (Metals)
12. p-nﬂﬁlg'l'!ﬂ'saﬂv-l 31fireTTefoTs aaeul In rEetaIs,deither thedconlductiobn bjnd isI partiallly filleﬂ
. or the conduction and valence band partly overlap eac
mmmﬁuﬁﬁamﬁ%maﬁm— other. If a small electric field is applied across the metal,
1. Ugfefied 99T & ded dhic fohfecded alecsT the free electrons start moving in a direction opposite to
hifdd diecal) dob f[FUTITaR A TUT Wad FT the direction of the electric fieldHence, metal behaves
Bl &7 as a conductor.
2. faufid ot wifds dleedt W 3=HS Jefer ot (i) Semiconductors
cRfelT &2 At absolute zero, the conduction band is empty and
fpT 31T AR ITC IR EERAE R the valence band is filled.The material is an insulator
uRa i a1 & 3idTid H1d ol 8l at low temperature. However the energy gap between
IR valence band and conduction band is small. At room
. . . temperature, some valence electrons acquire thermal
1. p-n START STATS & R 19 § 3769 €RT 3701 energy and jump to the conduction band where they
aredh & HROT &l %.3‘ﬁ7 safay wfdrer off 9gd can conduct electricity. The holes left behind in the
31fere 81T 8| dlee st H g fer 3 Radd arad a1 o valence band act as a positive charge carrier.
9§ Y gl 81l & sHIeTY &9 Frspy Hebrerd &
fob Rat a1 o R e U fopfc e alecst db
fauTataR F @THIT I T & aifos 39 fobfe
AT & 916 BT ITA[D d¢ Tl &l
HeafT-12 (1T I3 FMEIRA, A, TRES




- 14. Draw the truth table of a NAND and AND gate.
Conduction band
cB Ans- AB- Input
Conduction CB X-Output
Eg>3eV band Truth table of a NAND gate-
i EcheV
vB Val
Valence band b:"inoa VB A B X
o (o} 1
Insulators Metals (conductors) Semicond;._tcrﬂrs o 1 1
13. FH311 U8 3TRE] & TR UR ATedeh!, 3Tefameiap! a1 1 o 1
fagaias! & &= fafte fave fafaol : ) o
IR PHsder, AHdhsaed 3R $meR & di9 fafie fave -
() $~Felc? Truth table of AND gate-
¥ doi §3 RraNs §9) gt dve F R T 8l
AT &8 WTeT 81T & 37R afsia 31t 3TaRTet prebl asT A B X
BT 81 STfU pIE Hf Side 1 doid §5 A hsR™ 53 o o o
(@ §) T A1 511 ThT 8, Tl &1 faeld &F @mar
1| 374 fagld aTe 3™ 8T 8l o 1 o
(i) 3R (EITq) 1 0 0
T3t #, 91 a1 AT d8 3711 ¥ A R 8IaT & AT ) ) )
AT 37R It 93 HTfR1PH ¥9 1 Uh gaR B AT
Hd Bl Afe a1 W U BTl [agd &5 AT ST g,
dl gad geaeA &5 Y e &b fauiid fam & 14. NAND 31lY AND W12 &I Had1 ¥Rl §915U1
Eﬁao;m%ﬁawéﬁ | 3T €T AT DT HIA FATER o
I
(jii) 3TETATAD A’B'wﬁ;:m)
3 Hfedd W, HSRM &3 JIA! a7 & 37 I §3 X-33CYC (1 D
W BT 31 3TeITeIh BH dTIAH R Th e T NAND T &l HIdT AR
BT 2 BTifeh doisy 83 3R HsR™ §3 & ol a1t
P 3R BICT eIl 8l S S dIaH R, $B doid A B X
Selare 1 ATUTY 311 YTt abeet & 37R hsarT §s H g o o :
STTd & 5781 9 fagld T JaTeid o Aehd &l Jev a8 1
e B1s MU B¢ gATd® 37Td2T di6d & 9 § B o 1 1
8 1 o 1
Conduction band 1 1 (o]
cB
CB T AND € bl T TROM-
E = 3eV Conduction
L band
l E,<3deV A B X
VB Valence
Valence band band VB o (o] [o]
Insulators Metals (conductors) Semiconductors ° ! °
' 1 o (o]
1 1 1
PeT-12 (ftfadhn TR SANE MR, I, IIRES
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MCQ. BASED ouzsnomuagﬁamﬂqanmﬁamn 6. Use the page given at the end of question booklet for
‘ ‘ Rough Work. Do not do any Rough Work on the OMR
Total Time :3 Hours 20 minute Full Marks 170 Answer Sheet.
SATAT 3 20 e qutfes .70 I 1Y & T4 Yfdeht & 3id # e 3 g8 o1 & gan
s HIfSTU1 OMR 3R UAH TR IS 3B BT 7 il
General Instructions A 7. Read all the instructions provided on page 2 of the OMR
This Question booklet has two Parts- Part-A and Part-B. Answer Sheet carefully and do accordingly.
Part-A is of MCQ Type having 35 marks which are to be answered OMR 3R U & U8 2 IR U FH) (&1 T e ydap
on the OMR Answer sheet which will be provided separately. ¢ duT 395 Waﬂﬁaﬁl
Part-A has to answered first from 2.00 pm. to 3.35 pm and the OMR . . .
Answer Sheet has to be handed over to the Invigilator by 3.35 p.m 8. Four options are given for each question. You have to
swersheet has to be handed overto the griatorby 3.35> p-m. darken duly the most suitable answer on your OMR
Part-B is of Subjective Type having 35 marks which are to be Answer Sheet. Use only Blue or Black Ball-Point Pen.
answered in the Answer book provided separately. Part-B has to The use of Pencil is not allowed.
be answered from 3.40 p.m.to 5.20 p.m. g Uy 3 9 faeey ey My & 3:|'ﬁ|’ FgEd Jugad
Candidates can take away the Question Booklet after completion 39X DT 37T 3799 OMR 3R TP TR SIH-dIh Ted
of the Examination. PHTAT PR | DA FToAT UT BTAT STA-WISC BT DI &l
S U4 GAehT & &1 9T & - WTTT-A 4T HT- B, AT 3| e ot T afstd &
UTT-A ® 35 37 & dgfadcda Uy & GAe s I feamr 9 Adhere to the instructions provided in the OMR Answer
OMR 3R U3 TR [ATEd o3l UTT-A &b 3% UEe 2.00 MRS & Sheet very carefully otherwise your OMR Answer Sheet
335 3TURTEH b 1 hIT Ud HD 3URT<T OMR 3R U d1&h will be treated as invalid and it will not be evaluated.
T 3.35 3TIRTE W wlel &l OMR 3R Y WR &g My AN &1 eargdes Ut
W8 ¥ 35 37 3 Awafs uy & 5% 3w s F Ry my <hISTT 37T 3MTIDT OMR IR ToAeh 3T BT 37
3R YIETT UR & 1| UTT-B & 3R b 17 A 3.40 HWTEH 39T qedich el fepat STl
& 520 UMY Ao i 2l
TRIETT Udar & 3URT=T U4 Rt T o 51T Hebd & | axgFB s |
PART-A/ MTTT - A 1) Dimensional formula of € j is
(1 [ML2T4A?] (2 [MIL3T*AY
Class- 12 Sub.- Physics FM-35 |[Time-1Hour 30 Min.
@f-12) | Frem-{ifadn | qoils 35 | @A 18T 30 i) @ MLT AT @ IMLETAT
€, wifaiagad
|NSTRUCT|ON /ﬁ%ﬂ' (1) [M1L2T—4A—2] ) [M—1L—3T4Az]
L Carefully fill up the necessary particulars on the OMR 3)  [MIL3T+A?] (@) [ML2T4A7
Answer Sheet. A o)
. ns:
AT gdob Y faaruT OMR 3R Uh IR i . .
2) According to Gauss’ Law of electrostatics
2. Put your full signature on the OMR Answer Sheet in the
s ided & ¢=€“ (@) (|)=i
pace provided. £ D) ETE
Zymwmmomwwwﬁﬂémw ® ¢u=gqc, W =1L
. . N Tita & g e & Famer. ¢
3. There are 35 Multiple Choice Questions in this Part. c q
. . =0 -1
S AT & et 35 Tg-Faemedia s & ) @ ¢,==
4. All questions are compulsory. Each question carries 1 B Pr=q €<, (4) b= 16
mark. Ans - 2) q=o
T U3 & 3R &A1 1A 81 A U 1 3rfemTar
. 3) The number of electrons for two coulombs of charge
1 37 Fgifia &l s
5. There is no negative ma.rkmg f.or any wrong answer. (1) 125x10% 2)  125x10%
Tefd 3tR & feIU Ig 3ieh el sblet STl
(3) 125x10* (4)  125x10%
HeafT-12 (1T I FMEIRA, A, TRES




3 pATH 3TN & fAU sl Hf G §

9) The magnetic force F on a current carrying
(1 125x12%® (2 125x10* conductor of length (in an external magnetic field
(3)  125x10% (4)  125x102 B is given by
: IXB IXB
Ans: (2 (1) = @) =
4) If the distance between two plates of a parallel plate _l> . 9 I_) .
capacitor is halved, its capacity (3) I( I XB ) (4 T ( IXB )
(1) increases 2 times (2)  decreases 2 times fedt aeg w el §ff (TETE & IRETE
(3) increases 4times  (4) decreases 4 times mﬁa;u?qma?maﬁ F 1 féou yebR A e Tt
Sdie?
gfe foedt FAMIaR qfget demfe o1 afghrsil & IxE TxE
& Y i 31l B &Y SATY A 3|HT enfyar (1) 7 2) 7
W TGS E 2 ggcsIds @ I1(IxB) w P(IxB)
@) IRTATEIANE (@) IRINUSHAR Ans: @)
Ans: w 10) A circular coil of radius 10 cm having 100 turns carries
5) The electric potential at a point inside a charged a current of 3.2 A. The magnetic field at the centre of
spherical shell is the coil is
(1 zero (2)  constant (1) 2.01x103T (2)  5.64x10°T
(3) variable (4)  maximum (3) 264x10*T (4) 5.64x10*T
fepeht 3mafia Miefa aw & 3=k fig W fagd 100 U3 aTel! 10 em F3=1 1 gefta el H 3.2 A Y
forera 7 a7 Erert & &RT yaTfed 81 761 8 | 5wt & g IR Qb Ig & 81
3 3
W 0 fer (1) 2.01x103T (2)  5.64x10°T
-4 -4
3 ufiad ) TEd (3) 2.64x10*T (4) 5.64x10*T
Ans: @ Ans: (W
6) The electric field and the potential of an electric 1 Which .Of .the followmg is not correct about the
. . . magnetic field lines?
dipole vary with distance r as
W 1/rand 1/r @ 1/rand 1/r (1) The ' magnetic field lines of a magnet form
continuous closed loops
2 3 3 2
Gy vrand1/r @ 1{r and 1/r (2) The tangent to the field lines at a given point
Gl ﬁ'él?f R & ﬁ? & g4 faa, fo r & AT represents the direction of the net magnetic field
Foo s R o at that point
©  rgaur @ e udur (3) The larger the number of field lines crossing per
3 vrgdue @) 1eudur unit area, the stronger is the magnitude of the
magnetic field B
Ans: (4) o ) )
7) Kirchhoff’s loop rule is a direct consequence of law of @ The ma_gnetlc f.l(?ld lines may intersect each other
; in certain conditions
conservation of ) . . )
M Charge ) Momentum FaYdsR-argady aamaﬁasgﬁﬁaﬁqﬁ%?
(3) Angular momentum (4) Energy @ fou g’aﬁ &1 BT &7 WU HAd 9 7q
fedeTes @1 ur2n fAam few Afr & FRaror & fAaw e
&1 Heft ufvorfa & @ Ty fora forg ur &5 YT oY =i Y@ 39 fog
) 3T o) T R AT Ty &7 B faR1 1 gefRid el Bl
) PIofg JIT @ 35t 3) 9fd Uhicd &9 | A TR aleil & ¥@13il
Ans: (@) B IReAT St 31faes et & Tedhg &7 B &1
) ) ) ) fAToT 39T & 37fE arar &
8) A charged particle has drift velocity 4.2x10-* ms™ in . .
electric field of 2.1x10"°V m-*. Its mobility is (@ b & Yy FRed fRafaat ¥ e
(1) 0.5x10°m2V?'s? (2)  2x10°m3Vis? pIc fie
(3)  0.5x10° m2V+s? (4)  2x10¢ M2V st Ans: ()
ﬁ"{" A7 2.1x10"°V m- ¥ U ITTATRIT HUT BT 37aTE 12) The magnetic lines of force inside a bar margent
AT 4.2x10-ms* & | HUT HY feAerar dT A= # (1) are from N-pole to S-pole of the magnet
(1 0.5x10° m?V1s? (2) 2x10® m2Vis? (2)  are from S-pole to N-pole of the magnet
(3) 0.5x10° m2V*'st (4) 2x10° m2V*s? (3) depends on area of cross-section of bar magnet
Ans: (2) (4) do not exist
HeafT-12 (1T 775 FMEIRA, A, TRES




WBEW* maﬁa?rqaﬁwmﬁ 17) A 100 Q) resistor is connected to a 220 V, 50 Hz ac
w Wa; N &J,H'\ff S-&iﬁﬂﬁ% supply. The r.m.s. value of current in the circuit is
(3) 22A (4) 22mA
(3) TUSTHE® & U HIc B &F R R axars
W e TErE U 100 QO & URRIGS &Y 220 V, 50 Hz BT 7. €.
4 AT | 13T S71aT 81 afRayg § emsn &1 avf mren go
Ans:  (2) HT T 817T?
13) The vertical component of earth’s magnetic field at (1) 156A (2) 156 mA
a place is ,/3times the horizontal component. The (3) 22A (4) 22mA
value of angle of dip at this place is Ans : Q)
(n 30° (20 45° 18) In series LCR circuit, the phase angle between supply
) 60° @  90° voltage and current is
el T W gt & & B Heafer ged W tang=XpEe @ ng= B
afast ues &1 /3 TAT 81 §6 T W THA HI0T &I P X x.
aa & () tang= S (4)  tang= #
W 30° 2 45 A0t LCR ufYay §, WwATs dleedl Ud 8RT & 7l Bl
(3 60° (4) 90° x
Ans: (3) O tang= R c 2 tang= X%Xp
14) The magnetic flux linked with a coil of N turns of area (3 tang = R @ tang = X+ Xe +X(
of cross-section A held with its plane parallel to the X+ Xe
. . Ans: (1
field B is
19) Which of the following electromagnetic waves has
W NAB @ NAB/2 the greatest frequency?
NAB/
) 4 . @ zero (1)  Radio waves (2)  Ultraviolet rays
&9 B & AAMICAR $H® T & ATY T Y 379
ufrde d9%Bd A & N B Bl ??Fﬂ. LIE (3) Infrared rays (4)  7-rays
BT A 8l & ' w3 & fea fag@ gad av & 3rgfa gean
() NAB (2 NAB/2 g d N . .
(3) NAB/4 @ = W AT @) TR &0
(3)  3Tavar feprol @ 7-forol
Ans: (4)
Ans: (4)
15) Direction of current induced in a wire moving in a . .
magnetic field is found using 20) weene 1S US@d for photography in fog.
(1) Fleming’s left hand rule @ Polaroid (@) Infrared
(2)  Fleming's right hand rule 3 L;Itrawolet 5 @ X-rays%
(3)  Ampere’s rule RICTITT & feg ST e
(4) none of these W .! ¥ @ 3idqRd !
fooeit & A e ar F 9 e Y ferm @) TRET @tz
et YT 3 Ut &1 ST #2 Ans:  (2)
(1)  TRATHTT & 97U 819 &1 g 21) A virtual image larger than the object is formed in
2 T d ey o1 fFaag (1)  Convex mirror (2)  Concave mirror
) UftomwR &1 Ay (3)  Plane mirror (4)  None of these
4 TH A PIS TES %] A a1 39T ufafda aan @
Ans: (2 (1) 37 quT i (2)  37ddel cgouT H
16) If number of turns in primary and secondary coils is (3) HAS cqoTH 4) T A DI TE
increased to two times each, the mutual inductance Ans : )
() becomes 4 times (2)  becomes 2 times 22) The image formed by a simple microscope is
(3)  becomes 1/4 time remains unchanged (1) imaginary and erect
gfe grafis ga ﬁﬁiﬂ ¥ B B FEAT (2)  imaginary and inverted
mﬁﬁwﬁm% (3) real and erect
(1) ATHATEISTATE (4) real and inverted
2 2TATEISAIE U A G&aeRiT & a1 g3 ufafda sar @
(3) V4TATEISTATe (1) DrAHAGTHEGT (2 BB d 3ol
(4) 3ufafdaears (3) dRAfaeaHEGT  (4) TRAGD d el
Ans: (1 Ans: (1)
HeafT-12 (1T 775 FMEIRA, A, TRES




23) With increase in wavelength, the value of refractive 25V 3R 36 V gIRI af|a Eﬁﬂfﬁ’f ¥ Tafera St
index STl aedent Y 3TaTa §
(1) increases (2)  decreases (1) 3—2 2) g_g
(3) remains unchanged (4) none of these 3) % (@ %
aarded § g & |19 3Tqad-ie & o Ans:  (4)
(1) dedrg (2) Hedars 29) The Bohr model of atoms
3y 3gRafdazedrs (4) ST A PIs TEl (1)  assumes that the angular momentum of electrons
Ans : ©2) is quantized
24) The concept of secondary wavelets was given by (2)  uses Einstein’s photoelectric quation
(1) Fresnel (2 Newton (3) predicts continuous emission spectra for atoms
(3 Huygens (4) Maxwell (4) ptredicts the same emission spectra for all types of
. atoms
fedTas aRfTB139 oY 3rgaron & 4@t . -
0 WA 2) GeAq il @
(1) Tl 8 I SATCIAl T HIVIY JIT FaTucihd
(3 FEA (4) HoEder MR
Ans:  (3) (2)  3TETH P UHIRT faeg[d THIGHR0T & YT ol &
25) Two waves whose intensities are in the ration 9 : 1
(3) TRHETOP3 & f?n:r Add 35 dUichH I
produce interference. The ration of maximum and 3 giasgqToft Syar @
minimum intensities will be
(4) mﬂwasmaﬂasmwm
W 10:8 @ 9:1 quicsn &1 ufawrarofl wvar &
(3 4:1 @ 2:1 Ans: (N}
3 a5 faaansil &1 3/ o: 1  aafasor ; ;
30) S.l. unit of Rydberg constant R is
39 ol # 3Mfiean aur gAaw daansi &1 yepera i
mm (1 m 20 m
(1 10:8 2 9:1 3 m! . (4) m?
3 4:1 @ 2:1 Rrsat fFradis o1 s.1. 7w &
Ans : 3) (1 m 2 m?
26) A ray of light is incident on a glass plate at an angle 3 m (4 m?
of 60°. If the reflected and refracted rays are mutually  Ans: (3)
perpendicular, then the refractive index of the 5, Mean life of a radioactive sample is 100 second (s ).
material is Then its half life is
o ‘/%_ @ V3 () 693s (2 0693s
1 1 (3) 693s (4) 100s
(3) v3— (4) > a?[
BT Bl U YT W TSR fe0T 60° & BHI0T W gﬁmﬁ "agdlamaaqgﬁ A A 100 AP (5)
stafea gt 31 afe wrafda aur srafda ol
TRER H9dd &, A T &1 379adis § (1 693s (2 0693s
(3) 693s (4) 100s
60 V;; @ V3
: Ans: (3)
i 1
3 V3 ) ) 32) In . ,Ra**nucleus, there are
Ans: (2 (1) 138 protons and 88 neutrons
27) Which of the following metals has minimum work (2) 138 neutrons and 88 protns
function ?
| o C (3) 226 protons and 88 electrons
1 2
- tron opper (4) 226 neutrons and 138 electrons
(3)  Barium (4)  Sodium 26 1fR . 3
FafafEad A feraqegaaa s a8 2 e uﬁ% y
y (1) 138 UTCH 37R 88 G
W 3T @ R 2 138 g¢H 3R 88 UleiA
@ 3 @ s (3) 226 WeTT 37K 88 TR
Ans: (@) (@) 226 YEH 37 138 SATT
28) The ratio of de-Broglie wavelengths associated with Ans - 2)
two electrons accelerated by 25 V and 36 V is '
25 36
(1) 356 2 265
(3) 3 (4) 5
HeafT-12 (1T v FMEIRA, A, TRES




33) Zener diode functions in
(1) forward biased condition
(2)  reverse biased condition
(3) both forward and reverse biased condition
(4) none of these
3R 3141 &HTd HRaT &
() 3 I & fRafd o
2) 9T I B Rt o
(3) 37U U4 U™ SIHI a1 b FRRafa &
@) T A DTS TE

Ans: (2)

34) As temperature increases the resistance of a
semiconductor
(1) increases (2)  decreases
(3)  remains constant (4)  none of these
ATY ¢+ & ATy 3Tefarass &1 ufaia
() dedre (2) "edars
3) fRRIEATR (4)  TH A Pplg TEl

Ans: (2)

35) n-type semiconductor is formed when dopant atom
is
(1)  Monovalent (2)  Bivalent
(3)  Trivalent (4)  Pentavalent
%-Was TS g4 €, 319 IS TRaTo] e
(1) ST (2) fedarsh
EIRECEIET (4) GRS

Ans: (4

PeT-12 (ftfadhn
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PART-B/ 7T - B fooet U WA Trah1a & ¥ e U HieH, a7
SUBEC <55 GUESTIONS ﬁﬁ%ﬂﬁﬁmﬁaﬂwﬁwnﬁaﬁﬁmm
UBJECTIVE BASED QUESTION yfire feam & aear @ ?
(fawafs smenfya usr) . .
3R 0° Y7180
Class-12 |  Sub- Physics F.M-35  |Time-1Hour 30 Min. 3) What is the phenomenon of generation of induced
@f-12) | (awg-siifadn | guifes -35) | @4 - 19T 30 i) electromotive force in another coil due to change in
current in one coil called ?
INSTRUCTIONS / fdar: Ans:  Mutual Induction
1 Examinees are required to answer in their own words UF § ¥ gRT gftadT & HROT g} HUsH!
as far as practicable. ufta qTEd a1 3A 81 I "l B 34T Hed
TRY& T FUTTE 379 2Tl 7 € IR &
2. This question paper has three sections: A, B and C. ESEE 3 TOR
Total number of questions is 19. 4) Whose frequency is more in red and violet light ?
SHUHUT N H@US- A BUTCEI PAUMT B EBT  Ans:  Violet
198l AT a A T yeTr A fpaeht g sifers At €2
3. Section- A - Question Nos. 1 - 7 are Very short answer IR R
type. Answer any five of these questions in maximum '
one sentence each. Each question carries 1 mark. 5) Alens cannot be seen whenimmersed in atransparent
-A-ffl;[»?{.' -7 31 SEl 3 i medium. When is this possible ?
T A A U U H SR AGUI IAH Y HI 3R Ans: When Refractive index of lens = Refractive index of
31farehdH Ueh aTed § SISTU1 b U8 bl ATaHdT transparent medium
1 31 Faffed 2 DI AH U UReRi] Arem ¥ 3@ R g 78
4. Section - B - Question Nos. 8 - 14 are Short answer T3 | 95 Hd HRIT 8 ?
type. Answer any five of these questions in maximum IR: BT & 59 oI BT 39da-i = UrRell aregg o1
50 word each. Each question carries 3 marks. B CREIR
yus- B.-ﬁQ&r'\iI@T 8 - 14 o7 3714 €l 570 A fep-& 6) Which of the photons of red and blue light will have
9Ta Ul & 3R AfSTU1 T U BT 3R 31ferdsad 50 more energy ?
g&‘rﬁaﬁvlmq&rrﬁ FrfemTar 3 3t Faffa Ans: Blue
| :
5. Section - C - Question Nos. 15 - 19 are Long answer AT qU1 A gnr & et § A feadt H
. . 3tferes it 2
type. Answer any three of these questions in maximum
100 words each. Each question carries 5 marks. IR Hld
WUs- C-HUY TJAT15-19 A8 SR el AR A fosdl 7) What is the effect of rise in temperature on the
= U8l & 3R SIS0 TS U &1 3R 3fadhdd conductivity of a semiconductor ?
100 3T&T F S| T T3 1 AT 5 375 Ans:  Conductivity increases
Faffia g
T a%zﬁ: BT AT bl AT U FT YHTT
gsdre?
Very Short Answer type Questions )
4 yp ‘ IR:  IiAedidgar el
1) Between an electron and a proton, which is stronger,
the electrostatic force or the gravitational force? ‘ Short Answer type Questions
Ans: The Electrostatic Force " Deri ion f lectri tential at int
< . erive an expression for electric potential at a poin
US sAagH a1 Us Q1I2Iil asaﬁaﬁu?-a-qaaﬁam due to a point charge.
(e doT T 5 9 -1 eI s & A Consid int charge ‘Q’ kept at point O. Let P b
ns- onsider a point charge ept at point O. Let P be a
ENLE iiq?-aﬂ—ﬂﬁ point at distance r.
2) At what angle should a proton move in a uniform At some point p’, the electrostatic force on the unit
magnetic field from the direction of the field so that positive charge is
the proton continues to move in its initial direction ?
Ans: 0°or 180°
HafT-12 (N 775\ FMEIRA, A, TRES




1)

-
-

Work done against this force ' to ' + Ar' is
_._Q

Total Work done ‘W’ by the External Force

from e to r

We-| Q,zm_[_g_]’ 2
4neqr 4neor
w= -2

41‘801’

Hence potential at this point

Vaw-=_9
47‘80"

faseY farg 31ma1 & BT fopt fag ur faerdta fava
T T UTd B | 2)
fdg 0 WR 3 fag 31MaR1°Q WR faaR o3| 7 50 f

RN REGP3I s

ot fig P UR, Uhias eFTART R dg[d 9 &

et g 311327 +Q & HRUT defd &F IR faaR =l &
33 & Y3t A uefRia fosar siran g |

AT fob T gobTe T UIR&UT 37T (+1) & fdg P
R 3G AT & ISl +Q A A GA x B |

o1 fifg P OR fareel &1 eterelt, (377d%r Q & RO B & |

A dx I 3)
+
O r P)
K— 3

2 X N

_ 1 Q

T dney 1
m:saa—lgaqmmwwﬁgpwéq—dm &
HRUTTA F AT 8 |

— _ 1 Q
F—lXE—4n80 2

g8 g fag P o ardf 3R o177l ol

T, SHTS &I AT Y, AT Q fH 3R d 7 ad
fqerTfa fomar 311 &, 90U 3 & oo fopam man oo

dw = —Fdx (. cos180° = — 1 and F = E)
THIHIT (if) BT TGN B & d1G

3)

dw =—

2 dx
4meox

HMT, $hTs &HTHD HTAR DI 3-d A fdg A dh (5T 3.

%mﬁ@m%nﬂmm%lﬁwm$%uw
|

HefT-12 (N

Ans:

Ans:

X=r

r
_ Q . _Q )
/dw f 4neox2 dx Ame, x dx
X=00 o0
"l
W 4neo| -1 . 4Ameol x |
__Q [L_L]_ Q 1, .1 _
T Ane’|r oo _4TE80Xr(' oo_o)

g8 HTd (w) fig A TR, 373 Q P HROT agfd fava
(V) I & |
Hd: v 1 Q

a 47[80 T

State Kirchhoff’s rules. Explain briefly how these rules
are justified.

Kirchhoff’s rules.

1. Kirchhoff’s junction rule : At any junction, the sum of
the currents entering the junction is equal to the sum of
currents leaving the junction.

2. Kirchhoff’s loop rule : The algebraic sum of changes in
potential in any closed loop in an electrical circuit is zero.

These two laws are justified on the basis of law of
conservation of charge and the law of conservation of
energy respectively.

frrars & Fag garsd| a9 5 st Hif5p fe A
fraw fea ybR =gmafaa &

foars & |
1. foreaie o1 afer fFam : foa ot afg o afg & gasr

B Tt RT3 1 AT AfS A Hepe aret a3t
& I & SRR &1 B

2. fop2dT® bl ofu 7 : fagld ufvuy & foset ot o
o9 # dreedr Cal T [ €Il &l

AT T spreT: 31T IRE0T fam quT a1t TReuT
Fram & 3mam R grEEd gl

Establish the relation between Magnetic Permeability
and Magnetic Susceptibility.

The total magnetic flux density (B) in a material is the
sum of the magnetic flux density in vacuum (B,) and the
magnetic flux density due to the magnetization of the
material (By).

ie,
B=B+ B, -cooinenn. (0

or, B=p H+p I =p (H+1)

=1+
r,—= —
g T T

or, p= .uo( 1+y

Since BO:_u"H and Bm :,uﬂ."

. B i
) s (iii) Since p= ; and X = F

or, i=(l+xm

or,u,=(141,) o (iv)  Since p

DT IRl 99T JHEH1g Juifedr a1 ugfa &
He [ (Relation between Magnetic Permeability
and Magnetic Susceptibility) Wfua i |

ol ueTd # et raichTd UedaRT T d (B) fafa o
DT FeT R T (B,) AT UaTd & Jriehed (B,) b
PHRUT Y FTaRT T-cd BT AT 8l

31afq

N

=2
#,

FHNE3IRA, I, RS
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or, B=y0H+pgf =u,( H+1)

=17
or,—= -
7 YT H

or, ,u=,uo(l+,1'

Since By=p H and B, =p I

B 1
w=g =g

............ (iii) Since

m

or, yig=(l+,fm

o =(142,) e (iv)  Since ‘ur=.ui

Fm=qvB
T THTT S 10 819 & 90 & 3THR 3711 UR 89 g1
o G PQ & 37fCRT Q Y 3R &Il

3T I P A Q dF o 3T § far ma1 &1l 59 YR
fea sTar @

W =F, X PQ = (qvB)
TTEd 97 (em.f) DT Ufd SH1S 3MAT IR HU

n{rﬁqﬁﬁﬁ$mﬁvﬁmﬁﬁmm g safeiy &%
ITeieh PQ & RFRT b 7eg YR fde[d a16eh 9 (em.f)

4) A conducting rod moves with a certain velocity in a 1 $H UHR H a1 11 ADhe ¢ |
uniform magnetic field. Derive an expression for the w gvBlI
induced electromotive force between the ends of the =T @ vBl
rod. .
i.e, e =vBIl
Ans: Consider a conductor PQ of length [ moving freely in a
. - . . 5) Write and explain Einstein’s Equation of the
uniform magnetic field B with uniform velocity v on a Photoelectric Effect?
rectangular conductor ABCD . . . . . .
Ans: Einstein explained the photoelectric effect on the basis
. x O of Planck’s quantum theory, according to which light
¥ radiation travels in the form of discrete photons. The
energy of photon is hy,
X
= E=hV..(1)
X Where ‘h’ is Planck’s constant, and ‘v’ is the frequency
S of the emitted radiation.
} N The quantum energy provided by the photons is
& partially used by the electron to overcome the molecular
Let any arbitrary positive charge q in the conductor also attraction of the surface.
move in the field with the same velocity. This energy is constant for a surface, and is denoted
. . by @. It is called the work function of a surface and is
Magnitude of Lorentz force on this charge, F, = qvB constant for a given material.
Direction of this force on the charge as per Fleming’s Therefore,
left hand Rule comes out to be along PQ towards Q. L
The kinetic energy of a photoelectron = (energy
Work done in moving the charge from P to Q is given by, provided by the photon) - (energy used to come out of
W =F, X PQ = (qVB) l the surface).
Electromotive force (emf) is defined as the work done Thus the equation is given, KE. = hV - & ...(2)
per unit charge so, emf across conductor PQ is given by, This is Einstein’s photoelectric equation.
W  qvBI 5) BIeIsMidgd THTd & TSR & AHIHI0T o) foidd
e=—=—"—"—=VvBI 3R THETg?
q q o . .
P IR IREH 1 Wb & daieH Rgdid & 3MaR W
’ BIcIgafdgd UG Bl HRAT B, Fad 31{AR
4 B3 GToics B3 a3 q guwy gadg ax y i G131 f4feheur 3RTAd Bl & §9 H I el &l
! Bl B3 & R & 9en Ufta faga aes a1 & I 311 hv &l
oy o1sTes eud HIf5I E=hV..(1)
3R:  HEI B | W6TS & U HATdd PQ 51 Uh A S8l ' Wi RRRiD & 3R v 3l fafaewor &
. >
JghIg &5 B H Yob HHM AT v & HIY Uob JTTATDR EICINE -
HATeTh ABCD TR TcH ¥ A gH 38T 8 AT & TUTAh JHYVT DI R B & AT Bleh!
SRT YeH &1 ST arell ddfed Hait 37 9
o \ goiag i GRT 3UATT i Tl 8l
A T8 3311 Uch Aee & fay R 8 31k 53 o grT s
fopaT 1TaT 81 33 fohs) Tde o1 B BT Hel STl &
x 31R g8 forelt ey Ty vy & faig R grar @l
37d: U BIeisaac | dl
X AT H311 = (BICH GRT YT Dl T8 H31) - ([@de A
§TE3 37 & feiQ 3T HY 78 H310|
X T UHR THITHROT feaT T 8, KE =hv - ..(2)
& TSI Bl BICIgaidgd AHIBOT 8l
WW%W‘? IS ITHD AR q ot 331 6) What is a rectifier ? On What principle does it work ?
AT A Frah1y & 1 1Tfcl R 38T Bl T .
. Ans: A rectifier is a circuit which converts an alternating
Sﬂ}ﬂaﬂtﬁﬁ ?3\3 I BT URATOT$H UHR H fca current into direct current. It works on the principle of
ST ADBATE | biasing of an ideal diode.
HeafT-12 (1T — FMEIRA, A, TRES




6)

Ans:

s et a1 &2 98 fow fAgaia mem st g2

feerl U ufkuy & 311 gdad! aRT &l few R o
yfkafda &xar 8 | 4 g 31meRf Sris & Jrufim &
fRigerid R o1d a8l

Long Answer type Questions

1)

Ans:

Define electric dipole moment. Derive an expression
for the electric field at a point on equatorial (broad-
side on) position of an electric dipole.

(i) Electric dipole moment: It is the product of the magnitude
of either charge and distance between them.

It is a vector quantity whose direction is from negative
to positive charge.

Expression :

Electric field intensity at P due to +q charge is

= 1

—2_ along PD
4reg BP? &

=1 a9 _ along PD ...(i)
4neg (r2 + 12) &

Electric field intensity at P due to -q charge is,

o 1

E = 4:::0;!]% along PC

= I&l’a;(,z q o along PC ...(ii)
+

From () and (i)}, |E.| =|E.| = ———n-1

dneg (r + 17)

...(if)

Net electric field intensity due to the electric
dipole at point P

Now from AOAP, cos 6 =

E= JE% + E? + 2E2c0s20 (-
E= 21+ cos20)
E = J2E22c0s%0

E = 2E, cos 8 = 2 X

E = JE2 + E2 + 2E,E_cos20

("1 + cos 20 = 2 cos’ 8)

19
dneg (r2 + 12)
[Using equation (iii)]
1
ral?
1 q 1
X X
armey (2 +1%) " (P + )2

cos 0

E=2

E= Ame,r

1)

1 q

© ameg (2 + 17)

From () and (i), |E.| =|E.| =

= E-=

P 5 (for very small dipole, r* >> 1?)

faera fRgga 3ngof &1 uftwfya &1 os

ﬁ%*%ﬂ%ﬁ?mﬁxﬁm@m

fo=g o= faera & &1 st uTe &1

jgitqa -8 fomat Uah 31a2r & ufmroT 37k
19 BT G2 BT OB &l &l

g Uob AT f0 & 5ach! fEem onars & eaTesh

HTART DI 3R &l &

Expression :

+q 31121 & HRUT P WR fag[d &5 1 a8

along PD
4reg BP? &

1 q

along PD ...(i)

-q 31T & HRUT P IR fag[d &F BT diadT 8,

- 1

E = 41:;0;?9—2 along PC

1 g
anzg (r2 + 1)

along PC ...(#)

1
4req (r2 + !2)

... (#i)
fagrd féela & dRUT [qer fag]d &= T diadr
E= /B

E=JE
E = J2E2 + 2E2 cos20
E= 2E3(1+ cos20)
E = [2E22cos%0

E =2E, cos 8 =2x

+ E2? + 2E,E_cos20

+ E2 + 2E2co0s20 (E =E)

(*+1 + cos 20 = 2 cos® 8)

q
— cos 6
dneg (rz - lz)

[Using equation (iii)]
1

Now from AOAP, cos 6 = 7.__

rP+?

1 q 1
E=2x X
41;50 (rz +12) (TZ +12)1f2
x 2l
dreo(r? + 12)°2

Since g x 21 = p ...(p is dipole moment)

_ x 21 _ —1—)) . )
Tmo(qu E= Aren (for very small dipole, r* >> I?)
HafT-12 (N 753 A IR, I, FTRES




2) State the principle of a potentiometer. Describe P a
briefly with the help of a circuit diagram, how this _H|:Itltery K L
device is used to compare the em.f.s of two cells. i, R
Ans: Potentiometer: A potentiometer is a device used to Al &2 B
measure potential difference. B t_ '
'_':_@?,’H
A B —
W K @1 §¢ oY STTclT &, aY fasamrd
_ == AGTHIER) IR & H1EAH J Ueb AR €T varfed
= Rh &Il 81 il K, T 9 b, A E, GRT Y feig o
3T 1T el &1 STTchT BT AR & AT FETAT ST
Principle : The basic principle of a potentiometer is & 3R a 7o FHANS fepa S1Tert 579 e o
. ﬂﬁqﬁaﬁéﬁmqmlmﬁﬁUAJ_lw
that when a constant current flows through a wire & eIy Ao oraTe &, fosR E - kI el kol
of un|form. cross-sectional area and compos-|t|01.'1, 3%03343 ATE W‘\’l’qﬁ_{;qﬂ [ 31T K, 1T
the potential drop across any length of the wire is % T 4T 31T 9FhdT & | I W0
directly proportional to that length. AL =l foR, E =KI,
vl V=Kl “E/E, =1/,
. . . 3) Find the force acting on a current carrying conductor
where [Kis called potential gradient in uniform magnetic field. Using it find the force
between two parallel current carrying conductors.
|||||—@—[ p y g
Battary h Ans: A current carrying conductor contains a large number
. of free electrons. These electrons move with drift
>
A “—'—’J‘ f B velocity v in a direction opposite to the direction
h of conventional current flowing in the conductor.
An electron moving in a uniform magnetic field
experiences a deflecting force which is transmitted to
the conductor.
When the key K is closed, a cor.15tant curr?nt Consider a conductor of length / carrying a current
flows through the potentiometer wire. By closing . . - .
! . 1 placed in a uniform magnetic field B as shown in
key K, the null point can be obtained by cell E. figure.
The jockey is moved along the wire and adjusted .
till galvanometer shows no deflection. Suppose, . 2
Al =1 is the balancing length for cell E. Then E =kl "
where k—Potential gradient Now, let the null point . /
of cell E, be obtained by closing key K,. Let AJ, = |, (; - So;
Then, E=KI, .
“E/E =1/, P
2) favanmd} &1 fAgeia sasul e afde 3ma &t
mﬁa@ﬁmﬁ%wmmw Let n = Number of free electrons per unit volume of the
a}ﬁﬁasﬁqamaﬁa?rqamaﬂ#aaﬁuaﬁ conductor.
fopar siTaT &2 A = Area of cross-section of the conductor.
I3 fIauTdt U 3URT & f5ent 3uanT fayariR &t Magnetic Lorentz force acting on an electron,
HTe & foT feba e & T == e(TXB) ol
A B . . >
acting perpendicular to the plane containing v and
>
B
_L_@_““}“ Now consider a small element of length dl of the given
+ - Flh conductor.
Number of electrons in the small element = n x volume
of the element=nAdlI
ﬁ\q—dfﬂﬁ ﬁﬂamuﬁa?raaﬁrc:amu%% .. Magnetic Lorentz Force experienced by the element,
e 1ol AR A AR &R yaTfed gl &, n=—"0
AN AR Y fapet +ff o1aTS WR AMTfad RTae dt
3 o1dTg & FHATTd el 8l dfm = (0AdD) Tw = nAdl[~e(3 X B)] == n4edl(T X B) (ii)
val V=Ki 7
. > -~
.5T8T [K T fg¥a UguTdT ohed & But drift velocity, v ==dl (Since dl is in a
HafT-12 (N — A IR, I, FTRES




direction opposite to Y )and (nAdl)e= dq where
dg is the charge on the small element.

R TN B O
-, dfm dq(dt XB) 5 (dxB)
- dfm = (I % B)

Since conductor is made of large number of such

elements, therefore, total force experienced by the
conductor is given by,

Fm=/dﬁm=/l(d7>< B)or Fm=I(TX B)

Direction of 1?,: is perpendicular to the plane

containing B and d and can be determined by
using Fleming’s Left Hand Rule.

_ Mo (2LD
F 472'( r >
Applying Fleming’s left hand rule to conductor (1),

the direction of F1, lies in the plane of the conductors
and is directed towards conductor (2).

Since F1 and F2 are equal and opposite, so these
forces pull the two conductors towards each
other. Hence, we conclude that two long parallel
conductors carrying currents in the same direction
attract each other.

Similarly, it can be said that two long parallel current
carrying conductors carrying current in opposite
directions repel each other.

Consider two infinitely long parallel conductors 3 U 991 a7 O f&rg gRmaE 9rde W)
carrying currents I, and |, in the same direction. Let T dTel 9 b1 1T b1 | SHBT STANT B 1 AH AR
r be the perpendicular distance between the two YRTATE! AT D] b oIl ST Tl B
Conducs e Gt oo 000 e e 6 st
' Bl U gHacH IToich | UdTfed 811 dTeil Tae &RT i
Mo o feem & fIudid 3ruaTe A v A M B &l U AHH
TGB: =5 hO YghIg &F H TAHH Yo Srac i U [dadsh a1 Bl
h o . 3Hd AT & 3T ATAD I IR 81 STl 8l
uf Q, h fopet ey b & B 1 a7 & 9o
R fqar &=d & st o o o feagmar man 81 | 9=
CEP (1) I A yaTfed gRT1 8l
b—r—u‘ SRy
(A) ik
Flll
The magnetic field at any point on the conductor (2)
due to current I, in conductor (1) is given by D / ‘
o (21 %7
_ Mof2L -
B 47‘[( . ) ...................... (i) l %//
The direction of B, , with reference to conductor (2) d
is perpendicular to the plane of the conductor and is _ .
directed vertically downward (i.e. into the plane). Wmﬁ na;ﬁwquﬁsav‘é Wﬁﬂaﬁ
We know, a current carrying conductor of length A =TTeAh & 31U DI BT &Tholl
| placed at right angle to the magnetic field (B) ot SeTaRET IR TR T AR o
experiences a force, which is given by > > > : ’
fm==e(¥YXB) w. )
F=IBI — > >
o F, ®I e v 31R B & e & eigad sl
. . st faa o femrar man
Therefore, force experienced per unit length of 5
conductor (2) in the magnetic field B, is given by Fm
F,=B,I,x1=8B,1,
B
From equation (1), -
\%
polo(), —so(2h) i
. - T dI TS & fopaT ITeTiRT R faaR =l &
Applying Fleming’s left hand rule to conductor (2), L < . ,
the direction of F, is in the plane of the conductors 3TTIRT H SAGCTA BT HBAT = n x CYIRT BT 37T
directed towards conductor (1). - nAdI.
. 3TCYIRT IR @ aTeAT b1 o111 9,
Similarly, the force experienced per unit length T = (aad) T = nad]-e(3x B)] = naedt(3 x 3)
of conductor (1) in the magnetic field (B,) due to a dfn = nAdU e = nAdl] Telv X B ndedlly X B
current carrying conductor (2) is givenby (i
HeiT-12 (FHfahHn = SAAE IR, e, RIS




AT 31uare am, v =
fama ®

3iR (nAdl) e = dg ST&T B ded UR 37ALT &l
— i - :d_q - >

- dfm dq<dt><B> 5 (dxB)

- dim = 1(d X B)

I st i, T % Pt

s ey Rdedr & fb & T IHMT=R gRTaTé!
Iredeh 51 FqaE fGm § gRE 81, Uh gER @l
3THT HRd &l

ST YPR A, U8 el 31T ThdT & b &I oI THFTR
ERTATE! aTeieh {51 ey faude faem o &1 gab g

o g » DR ESE: J 4) For r.efrac/sizon az:lazy/jz)he;lilcal surface establish the
EFIT%, 37 ATAD CRT EHEWWTTITITWW relation Y. w = R where the terms have
E'HW%QTHI?IT%, usual meanings.
Ans: The change in direction or bending of a light wave
- - o~ = = - = passing from one transparent medium to another
Fm = dem = /l(dl X B)or Fm =I1(IxB) caused by the change in wave’s speed is the Refraction.
Suppose the below figure is a spherical surface. There
— > o> ) is one medium with refractive index #4 and second
F,, @1 21T B 3R dl & HHI & oTead &Il & 4T medium with refractive index /.
Sﬁ% T $m§l BT S 7T T 37T &6k et There is an object O and a ray of light from the object
O is incident on the spherical mirror. Since it is movin
p g
from a rarer medium to a denser medium, the ray bends
¥ 3 ; towards the normal. An image is formed and radius of
o6l Q1 3 TS & FHHT=R a1y, 5w |, 3R
L, Wﬁﬂﬂﬂﬁ?ﬂﬁﬁ'ﬁ' T E B HeUT I curvature of a spherical surface is R with the center C of
the spherical surface.
llT a I ¥
of . (@) T
@, |l BB 5 M A
Fy ;_l h S / ; Denser (L)
2 0" \ Rarer (/£,) ]
l|t ® 1[ )j :
B, ]
C-P ) o M E[P G 1
L u ' R
n—(;)—; ® « - v 5
AT &1 r ST ATeTeh] & Hed oidad Gl 81 aRT1, &
PIRUT dTeTe (1) & IR R & 3T BT 8 "u” is the object distance from a pole of a spherical
TTAD (1) H 1, ERT B DRUT ATeAeh (2) & fepat off fog surface
R 37U rEh1T &7 3 UbR &1 STl 8l o , . .
V" is the image distance from a pole of the spherical
B, = &(&) W surface
A\ Ty )
Now as we know that,
TTeieh (2) b HIUE B, I fCRAT ITeich (2) & Tl &b . - . .
e - : Yz th fract d f d f hich
E. )y %ﬁ%ﬁmﬁﬁm ikl ra:ylss areeinrceidr::ltl,vzz :2 t(:\); ?efr:c::/ee :Erdnex rgll"nar:/(\;tl'llcer
& TSI & & oraad] 3 ERTATE! Tt U ao] 50 medium
bR &1 STl 8l We aet '
e get,
FF=IBl
tana. = MN/OM
Ay qraha & B, ¥ AT (2) Y U ST wraTs tany = MN/MC
TR T aTT i 39 bR A &1 3T Aebel! o tanB = MN/MI|
FEZBlfz){l:Blfz Now, for ANOC,
i is the exterior angle.
JHIHI0T (1) 3, i=ZNOM+ 2 NCM
9 AT , 9 - AT ) mm— 1 Similarly,
dToTE (2) TR AT & 1Y 819 & 700 & am A r= MN/MC-MN/MI .2
&I e ATAD (1) Y 3R B | SHY dRE, RTATE! AT _ :
(2) P BRUT & B, ¥ ITeIp (1) BT Ul HTE Now by using Snell's law we get
TS UR T §¢1 31 UDR A &l 5771 HAhel! 8l Iisini = fosin t
= &< oI > Substituting i and r from Eq. (1) and (2), we get
4 r M/ OM+Ha/ M=) /MC
%ﬁwu)muﬁggamzu?ﬁuﬁﬁmﬁ F, bl As, OM =-u, Ml = +v, MC = +R
T AT (2) eIl el ch F, AT, 3 adr Hence, the equation becomes
fuRId B, 37 U g aFT ATAd! I U g Dl 3R Hhe e
= 4 Mo/ -/ u=(H-1)/R
HeafT-12 (1T 755 SAAE IR, e, RIS




4)

5)

Ans:

fodt mMeg wae @ 3add & fdu =
=P e et @ ot wd
| 374 8

T BT A H URad & BRI U YRR A1eaq &
SRR 1 5T gTed] Geb1RT a3 &b a1 # ufad= a1 g1
uqd & 7 AfFy Fw U TTATDR A6
8| Uep H1emH & f57ent 31uacies # 8 3R gy Ateny
T 379acHiG 1 8l TH X O B IR ¥ O A
UBTT 1 fauT MeATa gioT W JATafad et 81 i
g favet H1ens A o= areqd 5 51138 8, gafeiy fohvor
AT BT 3R g3 SATd! & 3R TP Ufdfad a1 8l

Denser (/L))

\

>

MIATHR TdE DI ahdl B AT TMTATHR AdE b Hg
CH IR &l

" TITATHR A8 B gd A I HI Gl &

v TIATHR T8 & Uh §d I Ufdfad i g &
319 311 fos 80 ST & o5,

£ 3 HIE0H 1 3YdcHich ¢ 5 fopot mafad
Il 8l

1 IR HTEAH T AU &l

FUE,

tana. = MN/OM

tany = MN/MC

tanf = MN/MI

319, ANOC & o, i SiespioT 8l
i=/NOM+.NCM

i= MN/OM +MN/MC ....1

S UBR, r= MN/MC-MN/MI ....2

319 U & 90 BT TN B IR 85 YT i1 &
K Sini=#sinr

Eq i 37R r &1 ufarenfad &A1l ) 37 @), 79 Ut
FRAE

12 /OM+HL /MI=(t.~£)/MC

S, OM =-u, Ml = +v, MC = +R

AT, FHIPROT 4 /v~11 /u=(tt ~£)/R S STl &

What do you understand by the term ‘interference’ ?
Describe Young’s double slit experiment and discuss
the formation of fringes.

Interference is the phenomenon in which two waves
superimpose to form a resultant wave of lower, higher
or equal amplitude.

Young's double-slit experiment uses two coherent
sources of light placed at a small distance apart.
Usually, only a few orders of magnitude greater than
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the wavelength of light are used. Young’s double-slit
experiment helped in understanding the wave theory
of light, which is explained with the help of a diagram.

—2
e
d
Screen with Opﬁcal
two slits screen

Derivation of Young's Double Slit Experiment-

Consider a monochromatic light source ‘s’ kept at
a considerable distance from two slits s and s, s
is equidistant from s and s, s and s, behave as two
coherent sources as both are derived froms.

The light passes through these slits and falls on a screen
which is at a distance ‘D’ from the position of slits s and
s,.‘d"is the separation between two slits.

If s is open and s, is closed, the screen opposite to s is
closed, and only the screen opposite to s, is illuminated.
The interference patterns appear only when both slits s,
and s, are open.

P
J: "’—’/’" y
s - i HE
Monochromatic )
light source v o
\' AN
X=0 X=L
X =L+D

When the slit separation (d) and the screen distance (D)
are kept unchanged, the light waves from s and s, must
travel different distances to reach P. This means that
in Young’s double slit experiment, the path difference
between the two light waves is from s and s,

In Young’s double slit experiment

D > d: Since D » d, the two light rays are considered
parallel.

d/\ » 1: Often, d is a fraction of a millimeter, and A is a
fraction of a micrometer for visible light.

Under these conditions, 8 is small. Thus, we can use the
approximation sin 8 =tan =60 =\/d.

.". path difference, Az =\/d

It is the path difference between two waves meeting at
a point on the screen. Because of this path difference
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in Young’s double-slit experiment, some points on the
screen are bright, and some points are dark.

We now discuss the position of these light, dark fringes
and fringe widths.

Position of fringes in Young’s double slit experiment
bright edge position

To form the maximum intensity or bright fringe at P
path difference, Az=n\ (n =0, 1, +2,.)

ie,xd/D=n\

either

x=nAD /d

The distance of the n'" bright fringe from the center is
x,=nAD /d

Similarly, the distance of (n-1* bright fringe from the
centeris

X, ,=MN-DAD/d

Fringe width, 8=x_-x__ =nAD/d - (n-DAD/d = \D/d
(n=0,#1,+2,.)

dark fringe position

For the minimum intensity or dark fringe formed at P,
Path difference, Az=(2n + 1) (\/2) (n = 0, £1, +2,..)

i.e, x=(n+)AD/2d

The distance of the n'" dark fringe from the center is
X, =(2n+1)AD/2d

Similarly, the distance of (n-1)™ bright fringe from the
center is

x(n-1)=(2(n-1)+1)AD/2d

Fringe width, 8 = X, - X = (2n + 1AD/2d

(n-1)
-(2(n-1)+ DAD/2d =\D/d
(N=0,1,#2,.)
fringe width

The distance between two adjacent bright (or dark)
fringes is called the fringe width.

B=\D/d

AfTBIOT A 3719 T HHST & 2 47T & s O v
&1 qui HIfE auT 6= 1 3w b g=f HfFo|

Ffde=uT g8 gfgedr & 5 e aaf 3rearifud
Bl W, 3= OT AHM 3T I GRUMHT J31
CEIGIRS!

YT P STA-IFeIc TN IS8T I W W UhIRT & al
IR ATAT BT 3TN BT &1 3T AR TR, TIRT T
T Sef  37fE TRHTT B BHae $© HHT BT 3udNT
a1 STTaT 81 971 & SEE-FFeic WA 3 UHIRT & aaT
RIgerd &1 Trg § Heg o, (53 31RE B Fehdr
THSTTT T &
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Screen with Opﬁcal
two slits screen
Y11 & 39 Reic gaIT hY -

1 et s1 37R s2 A HTHY G WR W UHAUTT YH12T
W s R TAR B s, 51 37 52 A AR Bl 51 3R 52
S FIHTTA Al b FU N AIER Pl & adlfeh a1 8l s
J o B

H1T 37 A A Elaw oRdT ¢ 3R e ®h IR
fiRar 8 3 R s1 3R s2 H AT A D HI A W B
d & FeicH & g HI gl 2l

gfe s1 JAT & 3R 52 9 8, AT s1 & fIud ®hIA a9
&, 37 Pad s2 B fIud ThH IHIRIT &l Al
Waﬁmﬁ%mﬁ?@@tslaﬂ?szqﬁ

I

P
J: j y
s - it HE
Monochromatic )
light source  y o
" AN
X=0 X=L
X =L+D

519 f&e 3TA@Ma (d) 3T THIF 1 (D) &Y 3mufafda
RGT ST &, AT P b Uga & ol s1 37R s2 A UaprT
TN DT ITAT-3TAT G T BT ATRU | SHBT dredd
e M S SR T ¥ s1 3R 2 A USRI IR &
ClERRIGEE]

I & 39 Tode Tam o

D >>d: Jfb D > > d, & UehIRT fAROT b1 FAHMHIR AT
ST 8l

d/A > 1: 376, d U fHeTHICR &1 31T 81T 8, 31R \g2a
UHIRT & AU ATShIHIER &1 U 3127 81T B

9 21df & d&d,  BIeT &l ST UPR, 89 Alddbed sin 0 =
tan 0 =0 = \/d &T TGN IR b &l
CLOYIAR, Az = \d

g b W et fog or e arett e ol & a9
BT 9YTaR &l 97T &b 3TA-f&ede gaIT ¥ 39 Uy 37k &
PHRUT, ThIH R $B fdg auadIe 81d &, 31k $o fdg
e 3T &b &I &l

379 &1 S Uh12T, 31T fOpait 371R fOhat dlsie ) faufa
R BNl
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T & 39 &e A & Thal & Rafad aqde
foeRI &1 fafd p W 31faeman dadT a1 S =1
§99 b foIT U9 3R, Az=n\ (n = 0, +1, +2,.)

T, xd/D = n\

g7

x=nAD /d

& A nd A =T HI G &

X =n\D /d

S UBR &G A (n-1d S =T hi gt &

xin -)=(n-DAD/d

ﬁjﬁf?ﬁsré, B =xn - x(n-1) = nAD/d - (n -)AD/d = AD/d
(n =0,#1,+2,.)

g1 fihat ot fafa

P UR &1 T ATH ol a1 31eTGd fihst & feg,
TY 3R, Az = 2n + 1) \/2) (N =0, £1, 42,.)

g, x = (2n +1)AD/2d

&g A nd 31T TrsT HI g &

x, = (2n+)\D/2d

g UBR e A (n-1d & =T hr gl 8

X(n-1)= (2(n-1) +1AD/2d

fihst dlsiS, 8 = xn - x(n-) = (n + 1 AD/2d
-(2(n-1) + VDAD/2d =\D/d

(n =0,+1,+2,.)
b=t TitsTS

&1 319 I (37UdT 7S fOhsil & o &bl gt &l
Uhat dteTE wed Bl

B=\D/d
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