ELECTRIC POTENTIAL AND CAPACITANCE

Numerical Problems:

1) Two charges 3 X 1078C and —2 x 1078C are located 15cm apart. At what point(s) on the
line joining the two charges is the electric potential zero? Take the potential at infinity to
be zero. (Jul 2014)

Given: q,=3x1078C
s = —2 % 1078C
2a=d=15cm=15%x10"%m

(i) Let P be a point of zero potential A <« 4=15x102m— = B

. . fas . o
anywhere in between A and B, which 7 e =%} S e
is at a distance x from qg P

Potential at P is Vp is given by, Vp =V, + Vp
VA+VB=O (VP=0)
1 qa 1 gp _

4mey (d —x) + 4mey x
1
[q—A+ q_B] =90

drey 1(d—x) x
da dp .

(d—x)+ 7=0 (since 47_[60;&0)

3x1078 —-2x1078
sx102-x T =z °

3x 1078 2x1078
(15x102—x) «x

3 2

(15x102—x) «x
3x =30%x 1072 — 2x

3x+2x =30%x 1072 = 5x = 30 x 1072
x=6x10"2m=6cm

(ii) Let P’ be a point of zero i\ d =15 x10=m %‘_\; x
potential anywhere outside A and qj ;_; =pf
B, which is at a distance x from gz~ = (d+x) .
qa 4p .

d+x) P 0 (since yr #=0)

3x 1078 —2 %108

+ =0

(15x 1072 + x) x

3x10°8 2x1078
(15x 1072 4+ x) - X

3 2

(15x102+x) x
3x =30 x 1072 4+ 2x
3x—2x=30%X10"2=x=30x10"%m
x=30cm
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2)

3)

ABCD is a square of side 2m. Charges of 5nC, +10nC and —5nC are placed at corners A, B
and C respectively. What is the work done in transferring a charge of 5uC from D to the
point of intersection of the diagonals? (Jul 2015)

B C
Given: q4=5nC=5x10"°C 10nC \/-Snc
g =10nC=10%x10"°C

(@)
qc=-5nC=-5%x10"°C
Length,l =2m A 5 D
Test charge,q =5uC=5%x10"°C e "

We have, AD = CD =2m, BD =2vV2mand A0 = B0 = C0 =v2m
Work done in moving 5uC charge from D to O is given by, W = (P.d.betn.0 and D) X q
Potential at O is given by, Vy = Vo + Vpo + Vo
1 g 1 qp 1 qc
Vo = — —+ —
4mteg AO  4mey BO  4mey CO
1 (QA 4B QC)

o= 1me, a0t B0t co

3 of5%x107° 10x107° —5x107"\ 9x10°x10~° ~ 90
V0—9><10< 5t 5 >— 5 (5+10_5)_ﬁ
V, = 63.63V
v, = — (Ja do, fc)

4meg \AD  BD CD

_ 9 5x107% 10x10™° —-5x107° _9><109><10_9 10 _ 90
VD—9X10( + 2\/7 + > )— ) (5+ﬁ_5)_ﬁ
V,=3182V

W=V, —Vp)xq=(63.63—31.82) x5x 1076 =31.81 x 5x 1076 = 159.05 x 10~¢ J

Charges 2uC, 4uC and 6uC are placed at three corners A, B and C respectively of a square
ABCD of side x metre. Find, what charge must be placed at the fourth corner so that the
total potential at the centre of the square is zero. (July 2016)

B 'T'm

C
Given: q4=2uC=2x10"°C e \/ oL
qg =4uC =4x10"°C
gec=6uC=6x1076C 9
Side,l =xm

A
2uC 4p

Potential at O will be zero when potential due to all the charges at O is zero.
Total potential at Ois, Vy = Vyg + Vo + Vo + Vpo
IfVo=0,V4o +Vgo+Veo+Vpo=0
Laa, 1 a5, 1 6, 1 a_
dmeyg AO  4mey BO  4mey CO  4mey DO

1 (q_A a5 4c qn):0

4me, \AO ' BO ' CO ' DO

But A0 = BO = CO = DO = x\2
1
4meg

1
X——(a+q95+qc+qp) =0
2 da T4 T qc T (qp
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4)

5)

6)

1
X—=%#0
dmey  x\2
dp = —(qa+qp + qc) = —(2uC + 4uC + 6uC) = =12 uC

qA+qB+qC+qD=O since

In parallel plate capacitor with air between the plates, each plate has an area of 6 X
1073m? and the distance between the plates is 3mm. Calculate the capacitance of the
capacitor. If this capacitor is connected to a 100V supply, what is the charge on each plate
of the capacitor? (Absolute permittivity of free space=8.85 X 10~ 12Fm™1) (Mar 2014)

Given: A=6x10"3m?
d=3mm=3x10"3m
V=100V
& =885%x10"12 Fm1

€0A
==
d
885x 10712 x6x 1073 12 “12
= — =885x2x1071%=1770 x 10712 F
3x1073
Q
c==
%4
Q=CV=1770%x10"12x 100 = 17.70 x 1071 C = 1.77nC

Three capacitors of capacitance 2pF, 3pF and 4pF are connected in parallel.
(a) What is the total capacitance of the combination? (b) Determine the charge on each
capacitor, if the combination is connected to a 100V supply.

Given: C; =2pF=2x10"%F
C,=3pF=3x10"12F
Cy=4pF =4x10"12F
V=100V

(a) For parallel combination, C = C; + C; + (3
C=2x10""2+3x1072+4x1072=9x10"2F=9pF

_Q
®C=y

Q = CV and for parallel combinationV; =V, =V; =V
()Q=CV=2x10"12%x100=2x10"1=02nC

(i) Q; = C,V =3x10712x 100 =3 x 10710 = 0.3 n C
(iii) Q3 = C3V =4 x10712x 100 =4 x 1071 =0.4nC

The plates of a parallel plate capacitor have an area of 100 cm? each and are separated by

3 mm. The capacitor is charged by connecting it to a 400 V supply.

(a) Calculate the electrostatic energy stored in the capacitor.

(b) If a dielectric of dielectric constant 2.5 is introduced between the plates of the

capacitor, then find the electrostatic energy stored and also change in the energy stored.

(Jul 2018)

Given: A =100cm? =100cm x cm =102 x 1072 m x 10™%m = 10~2m?
d=3mm=3x10"3m
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8)

V=400V
K=25
(@)
1
E=3Cv?
2
Calculate C first.
€0A
C=—r
d
_ 885x107"2x 1072 885 < 10-1 — 205 x 10-11 F
- 3x 1073 3 -

1
E= > X 2.95 x 10711 x 400 X 400 = 236000 X 1071 ] =2.36 x 107¢ ]

(b) If a dielectric is introduced between the plates of a capacitor, the capacitance increases by
K times, where K is called dielectric constant.
C'=CK
B =ley? = 1(CK)V2 — KX =CV? = KE
S 2 S 2 o2
E'=25x%x236%x10"°=59x107%]
Change in energy, AE =E' —E =59%x 107 - 236 x 107 =3.54 x 107¢J
Two capacitors of 3uF and 5uF are connected in series. Calculate the equivalent
capacitance. If a battery of emf 10V is connected across them, Calculate, (a) the charge on

each capacitor and (b) the potential difference across each other.

Given: C;=3uF=3Xx10"°F
C,=5uF =5x 1076 F

V=10V
For series connection,
1 1 1
cTa'e
GG 3x107°x5x107® 15x107°x107° 15 e 6
C_C1+CZ_3><10‘6+5><10—6_ gx106 g <107 =1875x10
C=1875uF

(a) For series combination, Q; = @, = Q

_Q
C=y

Q=CV=1875x10"°x10 =18.75x 1076 C

(b)
Q 1875x107°

=== =6.2
h C, 3x10° 6.25V
V_Q_18.75x10-6_375V
27¢,  5x10°¢ 7

Two capacitors of 30uF and 40uF are charged to 100V and 80V respectively. If they are
connected in parallel, calculate the energy stored and loss of energy due to connection.
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9)

Given: C;=30uF=30x10"°F
C, =40 uF =40 x 107 F
Vv, =100V
Vv, =80V

1
E == E(Cl + Cz)Vz

where V is called common potential difference, when they are connected in parallel.
GV + GV, 30x107°x 100+ 40 x 107 x 80 3000 x 107° + 3200 x 107°

C,+Cy 30 x 1076 + 40 x 106 - 70 x 106
_6200%x107¢ 88.57 1
o 70x10°¢

1 1
E= 7% (30 x 107440 x 107°) x (88.57) 2 = 7% 70 x 1076 x 7844.64
E = 274562.57 X 107% = 0.2745 ]

1/ C.C
AE = 2 (22 ) (11,2

C,+C,
AE_1x 30 x 1076+ 40 x 107 (80 1002_1)(1200><10—6><10-6X202
27 \30x 1076+ 40 x 10~ ( ) 2 70 x 106

AE = 3400 x 107 = 0.0034

The effective capacitance of two capacitors is 7 u F when in parallel and g u F when in

series. Find the individual capacitance.

Given: Cp=7uF=7x10"°F
Cs=2uF =2x107F

For Parallel combination, Cp = C; + C,
Ci+C,=7%x10"% ————(1)

For Series combination,

1 1 1 C.C,

6
C1C2 = (Cl + CZ)CS =7X 10_6 X 7 X 10_6
C1C2 =6X 10_12 - - —(2)

We have, (C; — C;)? = (C, + C,)? — 4 C,C,
(C;—C)?=(7%x1079)2—-4x6x10712 =49 x 10712 — 24 x 10712
(C,—C,)?> =25x 10712

C;—C,=5%x10"% ————(3)

Solving equations (1) and (3)

C,+C,=7%x107°

C,—C,=5%x10"°

2C, =12 x 1076

¢, =6x107°

Substituting for C; in equation (1), C; + C, = 7 X 107°
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C,=7%X107°—C;=7%x10°-6x10"¢=1x10"°
Ci=6X10"°Fand(C, =7x107°F

10) A capacitor of capacitance 5uF is charged to potential of 500V. Then it is disconnected
from the battery and connected to uncharged capacitor of capacitance 3uF. Calculate the
common potential, charge on each capacitor and the loss of energy.

Given: C;=5uF=5%x10"°F
C,=3uF =3x 1075 F
V, =500V
V,=0V

When two capacitors (one charged and another uncharged) are connected, there is
redistribution of charges and each capacitor acquires same potential called common potential
(V).

GV + GV, 5x107°x500+3x107°%x 0 2500 X 107°

- = =3125V
C,+C, 5x 106 +3x 106 8x 1076
Q,=CV=5x10"%x3125=15625x10"°F
Q,=C,V=3x10"9x3125=9375x10"¢ F
1/ C,C,
AE=—( )V~V 2
2\C, + G, V1~V2)
AE_1x 5x 107 +3x 107 (500 02_1x15x10-6x10-6x5002
T 27\5%x106+3x10°6 ( ) T2 8 x 106

1 15x10°°
AE = X —g X 250000 = 23.43 x 1072 = 0.2343

11) When two capacitors are connected in series and connected across 4kV line, the energy
stored in the system is 8 J. The same capacitors, if connected in parallel across the same
line, the energy stored is 36 J. Find the individual capacitances. (Mar 2016)

Given: V=4kV=4x%x103V
Us=8]
Up =36

For parallel combination,

Up =2 Cp V2
p=>5Ctp

1
Up =5 (C,+CH V2

1
36 = 7 X (C1 + Cy) x (4 x103)?
36 x2  36x2
(4x103)2 16 x 106
For series combination,
Us = ! C. V?
s=3Cs
1/ CiCy
-3 ) v
P=2\c,+¢,

C1+C2= =4-.5><10_6 ————(1)
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- 1 GG 332
8_5 X(C1+C2) X (4 x10°)
C,C, _ 8x2 _ 16 _ 10-6
C,+C, (4x103%)? 16x10°
CiC, =(C{+Cy)x107°=45%x10"°%x 1076 =45%x10"12 —— ——(2)

We have, (C; — ;)% = (€, + C,)?> — 4 C,C,

(C,— Cp)? = (4.5 x 1076)2 — 4 x 4.5 x 10712 = 20.25 x 10~12 — 18 x 10~12
(C, — C)? = 2.25 x 10~ 12

C,—Cy=15%x10"° ————(3)

Solving equations (1) and (3)

C;+C,=45%x107°

C,—C,=15x107°

2C, = 6.0 x 1076

¢, =3%x10°¢

Substituting for C; in equation (1), C; + C, = 4.5 x 107°

C, =45x107°—C;, =45x10°-3x10°=15x%x10"°
€, =3%x10%FandC, =15x 107 F




CURRENT ELECTRICITY

Numerical Problems:

1) Calculate the current density and average drift speed of conduction electrons in a copper

2)

3)

wire of cross sectional area 1.0 x 10~7 m? carrying a current of 1.5 A. Given free electron
density of copper is 8 x 1028 electrons/m3,e = 1.6 x 10719 C.

Given: A =1.0x10"7m?
I=15A4
n = 8 x 1028 electrons/m3
e=16x10"1°C

Lo 15 =1.5x 107 Am?
J = 4dT Tox107 mn
I = nedAv,
I 1.5 1.5

=0.117 x 1072

Vd = oA T 8x 108 x 1.6 x10-19x 1.0 X 10~7 _ 8 X 1.6 X 102
vy =117x103ms™1

The number density of free electrons in a copper conductor is 8.5 x 1022 m~3. How long
does an electron take to drift from one end of a wire 3.0 m long to its other end? The area of

cross section of the wire is 2.0 x 10~ m? and it is carrying a current of 3. 0A.

Given: n=8.5x10%8m™3

[l=3m
A=2.0x10"®m?
=34
I = neAv,
I 3

Vg =0.11029 x 103 m s~}

TheAd 85x1028x1.6x10-°x20x10~7 272 x 103

Time taken to drift 3 m long can be calculated as,
Distance travelled

locity =
vetocity time taken
l
Vg = Z
l 3 3
t=— = 27.20 X 10° second

vy  0.11029 x 10-3

A silver wire has a resistance of 2.1 Q at 27.5°C and a resistance of 2.7 Q at 100° C. Find

the temperature co-efficient of silver. Also find its resistance at 0°C.

leel’l RO = 21 Q TO = 2750
R=27Q T =100°

_ R-Ry

Ro(T —To)
o 27-21 06
%= 21(100-275)  21x725

a

= 0.00394088°C~!
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4)

5)

If we take R =2.1Q and T = 27.5°, the resistance at zero degree (T, = 0°) is taken as R,
R =Ry[1+ a(T —Ty)]

_ R B 2.1 B 2.1 21
Ro=1% a(T —Ty) 1+0.00394(27.5—-0) 1+0.1084 1.1084

=189Q

100 mg mass of nichrome metal is drawn in to a wire of area of cross-section 0.05 mm?.

Calculate the resistance of the wire. Given density of nichrome 8.4 x 103 kgm™3
resistivity of the material as 1.2 X 10™% Q m. (Mar 2018)

and

Given: m=100mg=100x10"3x10"3kg =100x% 10"%kg
A =0.05mm? = 0.05mm xmm = 0.05x 1073 m x 1073 m = 0.05 x 107® m?
Density,D = 8.4 %X 103 kgm™3
p=12x10"%am

mass m

" volume - Al

Resistance, R = pZ

R=p(rm)s=12x107x 100x207 1
“Poxala” " 8.4 x 103 x 0.05 X 10-6 . 0.05 x 106
1.2 x 1071

=572Q

R = 8% 0.05x005

A wire having length 2.0 m, diameter 1.0 mm and resistivity 1.963 x 10"3Qm is
connected in series with a battery of emf 3 V and internal resistance 1 Q.. Calculate the
resistance of the wire and current in the circuit. (July 2016)

Given: l=20m
Diameter, d=1mm=1x10"3m
p=1963x10"8am
e=3V, r=1Q

pl
R=C
A
First calculate A, A = n(radius)?
d\? 1x107%\* 3.14x107° e
A=T[(E) =314 % 5 = 2 =0.785%x10"%m

_ 1963 x 1078 x 2.0

0785 X 106~ 5.0012 x 1072 = 0.05Q

e 3 _ 3
" R+4+7r 005+1 1.05

I =2854
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6)

7)

A battery of internal resistance 3 Q is connected to 20 Q resistor and potential difference
across the resistor is 10 V. If another resistor of 30Q is connected in series with the first
resistor and the battery again connected to the combination. Calculate the emf and the
terminal potential difference across the combination. (Mar 2014)

Given: R, =200, V=100V, r=3Q

Case (i) —WV;W
a

First calculate emf of the battery using the expression for V
€

V= R

(R1+r) !

V@R +7) 10X (20+3) 1023
TR, T 20 =720

=115V

Case(ii)

R, =200 R,=300 R=500
‘_WW . i e

| |
=115V ' r=30 =115V ' r=30

R=R,+R,=20+30=500Q
Terminal potential difference, V is given by

V=(R-gl-r)R

V—( 115 )><50—575—1085V
~\50 +3 T 53

In the given circuit diagram, calculate: PP ey,
(i) The main current through the circuit and 0 G

(ii) Also current through 9 Q resistor. (Jul 2018) s Vo
Given: R;=3Q, R, =3Q,R; =60 on
Ry =680,R; =9Q "3r,02a0

R, seriesR, =R+ R, =3+3=60

R seriesRy =R;+ R, =6+6=12Q AN ANANNA
R, =30 R,=30

Total resistance of the circuit is given by Re—6H8 Ry—60

1_ 1 1 1 _ |

R R;+R, R;+R, R R.=90

1_ 1. 1.1 6+3+4 13 Errrerrre

R 6 12 9 36 36

R—26—276Q

36
£ 3 3

I= 572764024 3~ 14

V=(R+r)R
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8)

9)

Current through 9 Q resistor can be calculated as,
V276

=—=""-03674
= 36

Two cells of emf 2 V and 4 V and internal resistances 1 Q and 2 Q respectively are connected
in parallel so as to send the current in the same direction through an external resistance of
10 Q. Find the potential difference across 10 Q resistor. (Mar 2015)

) R=1010
Given: R = 10Q :
=2V, n=10 g =2V, =10
&y = 4 V, r, = 20 |
First calculate effective emf and effective internal
resistance of the equivalent battery. ga=4V, n=20
For parallel combination of cells,
et en
Eeff = Tt
2x2+4x%x1 8
geff =T=§= 2.67V

_onn —1X2—2—067Q
T T+, 1+2 3

Potential difference can be calculated as
eff
v=(—L )R
(R + reff)
_( 2.67 )x _2.67><10_25V
~\10+0.67 T 1067 7

Two identical cells either in series or in parallel combination, gives the same current of
0.5 A through external resistance of 4 Q. Find emf and internal resistance of each cell. (Jul
2015)

Given: I=05A4
R=4Q

Cells are identical > ¢, = ¢, =eandry =r, =1

Case(i) B0
For series combination,
Eepf =€+e=2¢ andrpp =7 +7 =21

__ Eerr

_R+Teff
2¢e
44 2r

2e =2+r

0.5 =




CURRENT ELECTRICITY

2e —r=2—-——-(1)
Case(ii)

For parallel combination, R=40
_er+er 2er _ |
STy T or & T

rr r2 r -
Tt f T T 2r 2 il
__Cesr
R+ Teff
0.5=—°
T4ty

T
s=2+Z=4£=8+r
4e—r=8 ———(2)

Solving equation (1) and equation (2) we get,
e=3V andr=40

10) A cell supplies 0.9 A current through 2 Q resistor and a current of 0.3 A through 7 Q
resistor. Find the internal resistance and emf of the cell.

Given: [; =094 andR; =20
I, =034 andR,=70Q

Case(i) ;=094 andR;=20Q

_ &
11_R1+T'
&
0'9=2+r
e=18+09r ————-(1)

Case(ii) [, =034 andR, =70

€
12_R2+r

I
0'3_7+r
e=21403r ————(2)

From (1)and (2) 1.84+09r=21+03r
09r—-03r=21-18

0.67=0.3

r=050

Substituting the value of r in equation (1)
e=18+09 x05=18+045=225V
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11) When two resistors are connected in series with a cell of emf 2V and negligible

. . 2 . .. .
internal resistance, a current of S A flows in the circuit. When the resistors are

connected in parallel the main current is g A. Calculate the resistances. (Mar 2017)

Given: e=2V
2
Il—EA
5
Iz—EA
[ = £
" R+r
£
R =7 (Since, r=0)

For Series connection, Rs = R + R,

R _8
S_Il
R, +R 2
1 2= 75N
2
(%/s)
For Parallel C ti R, = LR
or Farallel Connection, p—R1+R2

R1R2 _5_ 2 _69
Ri¥R, o (5/5) 5

6 6
R1R2:(R1+R2)X§=5X§

RiR, =60 ————(ii)

(Ry — R3)? = (Ry + R2)* — 4Ry R,

(R, — R,)? =25—24

RR—R, =10 ——— —(iii)

Solving Equation (i) and (iii), we get, R; =3Q and R, =10

12) A uniform wire of resistance 12 Q is bent into three parts in the ratio 1:2:3 to form a

triangle. A cell of emf 12V and negligible internal resistance is connected across the
highest of the three resistances. Calculate the current in each branch of the circuit.

Given: R=12Q R,=12x
R1=1x

1x+2x+3x=12
x=20 e=12Vr=0
Ri=1%X2=2Q, Ry=2%X2=4Q, R3=3%Xx2=6Q |
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Total resistance of the circuit can be calculated as, T T
Ri=Ri+R,=2+4=6Q Rl=2ﬁ,R=6§g=m
RsR3 6 X6 L Noaaa |
p=mT/——— = = 3 Q
Rs+R; 6+6 £=12V r=20
|
Total current I can be calculated as, R.=60
£ 12 e AAAAA
I = = = 4- A Iﬂ
RP +r 3 + 0 =
R,=60
R 4 A —
Current through R; and R is same, since each branch has L
same resistance. =12V r=20
I F_2_ 2A | I
T2 20
I, = F_2_ 24
222

13) An electric current 5 A divides into 3 parallel branches in which the lengths of the wires are
in the ratio 2: 3: 4 and the diameters are in the ratio 3:4: 5. Find the current in each branch,
if the wires are of the same material.

e AN
Given: Total current,] =54 h Ry =21
e AAAAA—————
Ratlo 0f1ength= ll:lz:l3 = 2:3:4‘ Ig R2= 31
Ratio of their diameter = d;:d,:d; = 3:4:5
. . ) ] o L 4 4 A
The ratio of their radius will be = ry:15:153 = 3:4: 5 I Ry=41
The ratio of their Area = A;: A,: A3 = 9:16: 25 o
(since area A = ©r?) — I I
We have,
R l
L I, I3 2 3 4
Ri:R,:R —_—— =l
PR T A A, AT 9716725
In parallel combination
Lol _1_1.1_9_16_25
S T RIR,R; 2737 4
9 16 25 _
hilyily =2 X 12:—- X 12: = X 12 (LCM of 2,3 and 4 is 12)

Ii:15: I3 = 54:64:75

But, [+ L +1;=1
54x+64x+75x=5
193x=5

x = 0.0259

I; =54x=>54x%x0.0259 =13984
I, =64x =64x0.0259 = 1.657 A
I3 =75x=75x%0.0259 = 1.942 A




ALTERNATING CURRENT

Numerical Problems:

1) A 20Q resistor, 1.5 H inductor and 35 uF capacitor are connected in series with a
220V,50 Hz ac supply. Calculate the impedance of the circuit and also find the current
through the circuit. (Jul 2018)

Given: R=200Q
L=15H
C=35uF =35x10"°F
V(Vins) =220V, v=50Hz

(i) Find X¢ and X then Z.
(ii) Find I(Iyns)
In this Chapter current means RMS value of current and voltage means RMS value of voltage.

Frequency means frequency of applied AC voltage.

1 1 10°

Xe = 5 T 2% 314 %50 x 35 X 10-6 _ 10990
X, = 2mvl = 2 x 3.14 X 50 X 1.5 = 471 Q

=10°x%90.99 X 107 = 90.99 O

Z =+ R2+ (X¢ — X;)% = /202 + (90.99 — 471)2 = /202 + (—380)2 = V400 + 144400
Z = V144800 = 380.53

Vims _ 220

Z 38053 00784

I(Irms) =

2) A source of alternating emf of 220V — 50 Hz is connected in series with a resistance of
220 Q an inductance of 100 mH and a capacitance of 30 uF. Does the current lead or lag the
voltage and by what angle? (Mar 2017)

Given: R =220Q
L=100mH =100x 1073 H
C=30uF =30x10"°F
V(Vins) =220V, v=50Hz

1 1 10°

X~ = = =
€7 2mvC T 2x3.14x 50 %30 1076~ 9420
X, =2mvL =2 % 3.14 x50 x 100 x 1073 = 31.4 Q

=10° X% 106.157 X 107° = 106.157 Q

X;—X, 106.157—31.4 7476
R 220 220

¢ =tan"1(0.3398) = 18.76°

¢ is positive indicates that current leads.

tan ¢ = =0.3398

3) A sinusoidal voltage of peak value 283V and frequency 50Hz is applied to a series LCR
circuit in whichR = 3Q, L = 25.48mH and C = 786pF. (Mar 2015, July 2019)
Find: a) Impedance of the circuit.

b) The phase difference between the voltage across the source and the current.

c) The power factor.
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Given: R=3Q
L=2548mH =2548x10"%H
C=786uF =786 x107°F
m = 283V, v=50Hz
()
1 1 106

X = = = =10 % 4.0517 x 107° = 4.0517 = 4Q
€7 2mvC  2%x3.14x50 X786 x 10~6 246804
X, =2nvL = 2 X 3.14 X 50 X 25.48 x 1073 = 8000.72 x 1073 ~ 8 O

Z=yR%+ (X —X,)2=+/32+(4—8)2=,/32+(-4)2 =9+ 16
=v25=50

(b)

tang=de =X _4=8_—4_ 3333
ang=—p—=—g—=7=-1

¢ = —tan~1(1.3333) = —53.1294°

Negative sign indicates that voltage leads.

©
R
cos<,b=§=—=0.6 or cos ¢ = c0s53.1294% = 0.6

4) Calculate the resonant frequency and Q-factor of a series LCR circuit containing a pure
inductor of inductance 3H, capacitor of capacitance 27uF and resistor of resistance
7.4Q.(Mar 2014)

Given: R=740
L=3H
C=27uF =27%x10°°F

1 1 1 103

Wy = = = =—=0.1111x 103 =111 rad s
T VIC V3x27x106 9x1073 9

wolL 1 1 [L
= L - (use any one formula)
[O5)) CR R

! ! —1>< ! —103—103><0045—45
T 74 27><106 72° [9x106 74 3x103 222 ' B

5) A sinusoidal voltage of peak value 285V is applied to a series LCR circuit in which resistor

of resistance 50, pure inductor of inductance 28.5 mH and capacitance of capacitor 800 pF
are connected. a) Find resonant frequency. (Jul 2017)
b) Calculate the impedance, current and power dissipated at the resistance.

Given: R=5Q
L=285mH=285x10"%H
C=800uF =800x107°F

m = 285V
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6)

7)

(@)

Woy =

1 1 1 1
VIC V285 x1023x800x 10-6 /222800 x 10-° 22280 x 10-8

=209.4rads?!

(b)

Atresonance,Z =R =50

v 285

Vo, . =—= =201.5273V
Tms T2 1.4142

14 201.5273
Lims = T;“‘“ =——F—=140304

P =12, X R = 40.302 x 5 = 8120.45 = 8.12 kW

A pure inductor of 25mH is connected to a source of 220V and 50Hz. Find the inductance
resistance, rms value of current and peak current in the circuit. (Jul 2014)

Given: L=25mH=25x10"3H
Vims =220V, v =50Hz

X, =2mvL =2 % 3.14 X 50 x 25 x 1073 = 7850 x 1073 = 7.85 Q

Vims _ 220
frms = X, 785 284

im = V2 lms = 1.4142 x 28 = 39.59 4

A resistor of 100Q, a pure inductance coil of L = 0. 5H and capacitor are in series in a circuit
containing an AC source of 220V, 50Hz. In the circuit, current is ahead of the voltage by 300.
Find the value of the capacitor. (Jul 2015)

Given: R =100Q
L=05H
Vims =220V, v=50Hz
¢ =30°

Xc =X,

tan¢ =
XC =Rtan¢+XL

1
——=Rtan¢ + X,

2nvC
C= 1
" 2mnv(Rtan ¢ + 2mvl)
1
C =
2% 3.14 x50(100 X tan30° 4+ 2 x 3.14 X 50 x 0.5)
1 1
C= = =14.74x 107 F
314 x (100 x 0.5774 + 157) 67828.36
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8)

9)

An inductor and a bulb are connected in series to an AC source of 220 V,50Hz. A current of
11 A flows in the circuit and phase angle between the voltage and current is % radians.

Calculate the impedance and inductance of the circuit. (July 2016)

Given: Vs =220V, v=50Hz
Lms =114

¢=§rad

Xy

X, =2nv=1L=
L v 2mv

We have,

X R
tanc[):?L:XL:than(p and cos¢=E=>R=Z><cos¢

. (T
L_tham,b_ ZxcospXtang Zxsing ZOXSIH(E)

2y 2y 2mv 2X3.14 %50
L= 20x0.7071  14.1421 0.0450 H
B 314 314
or
Xy
t. = —
an ¢ R
T XL XL
tanz—? 1—3
X, =R

Now, Z = /R% + (X,)2 = J(X)? + (X,)? = /2(X,)2 =V2 x X,
Z
XL = \/_7

z
V2
oL 20 20

T V2x2mv L4142x2x3.14x50 444.0630

2nvL =

= 0.0450 H

A 60V, 10W lamp is to be run on 100V, 60 Hz ac mains. Calculate the inductance of a choke
coil required to be connected in series with it to work the bulb.

For bulb: V,,,, =60V
P=10W
()P =VI

I—P—10—01667A
V60
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R—V2 —602 =3600Q
P10
For circuit: R =3600

Vims =100V, v =60 Hz
For proper functioning of bulb, current through the bulb must 0.1667 A and must not exceed

0.1667 A.

X, = ve R2 = 100° 3602 = /359856 — 129600 = V230256 = 479.85
b ] (0.1667)? Bl Bl ST

L= 479.85 47985 479.85

= = =1273H
2mv 2x3.14x60 376.8 3

10) A series L C R circuit withR = 2002,L = 1.5 H and C = 35uF is connected to a variable
frequency of 200 V AC supply when the frequency of the supply is equal to the natural
frequency of the circuit, What is the average power transferred to the circuit in one

complete cycle.

Given: R=20Q
L=15H
C=35uF =35x10"°F
V(Vims) = 200V

When the frequency of the supply is equal to the natural frequency of the circuit, current will

be maximum.
iee X=X, andZ =R

|4 200
Lms = T;’S ==y =104
P = Vislyms = 200 x 10 = 2000 W

or

Vs _ 2007
s _

P = = 2000w

11) A (ﬁ) mF capacitor in series with a 40 Q resistor is connected to a 110V, 60Hz supply.

(a) What is the maximum current in the circuit?
(b) What is the phase difference between the current maximum and voltage maximum?

Given: C=— mF=——x10"3F
121 121

R=40Q
Vims =110V, v=60 Hz
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(@)

¥ 1 1 1 103 1000
c = = = =3 = — =
2mvC 2xnx60xix10—3 10 x 10 10
127
7 = \/RZ + (Xo)? = \/402 + 1002 = /1600 + 10000 = v/11600 = 107.7 Q
Vims 110
Lons = ~ STo77 - 1.024

im = V2 Lyms = 1.4142 x 1.02 = 1.442 A

(b)
. _XC_100_25
an¢ = R =0 -~

¢ =tan1(2.5) = 68.2°

12) A coil of inductance 0. 50H and resistance of 100 Q is connected to a 240V, 50Hz ac supply.
a) What is the maximum current in the coil?
b) What is the time lag between voltage maximum and the current maximum?

Given: L=050H
R=100Q
Vims =240V, v =50 Hz

(@)
X, =2mvL =2 x 3.14 X 50 X 0.50 = 157 Q

Z= \/RZ +(X)? = \/1002 + 1572 = /10000 + 24649 = V34649 = 186.14 Q)

Vims 240
Z ~ 186.14
im = V2 Lms = 1.4142 x 1.29 = 1.824 A

Irms -

=1294

(b)
157

tangp =k =27 _ 157
e T

¢ =tan"1(1.57) = 57.5°

Convert the value of ¢ in to radian.

s
(l) =575x ﬁ = 1.003 rad

We have, w = "

¢ ¢ 1.003  1.003

w 2mv 2x314x50 314
t =3.19 x 1073 second

= 0.0031944
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Numerical Problems:

1) In a Young's double slit experiment distance between the slits is 1mm. The fringe width is
found to be 0. 6mm. When the screen is moved through a distance of 0.25m away from the
plane of the slit, the fringe width becomes 0. 75mm. Find the wavelength of the light used.

Given: d=1mm=1x10"3m
f=0.6mm=06%x10"3m
D=x
D'=(x+0.25)m
B'=0.75mm=0.75x10"3m

_AD .
Y
, _AD' 5
== ----®

Taking equation(2) + (1)

g _A 4

g~ d D

ﬁ, DI

B D

075% 1073 (x + 0.25)
06x103 «x

0.75x = 0.6x + 0.6 X 0.25 = (0.75 — 0.6)x = 0.15
0.15x=015=x=1m

_pd_06x1073x1x107°
D 1

A =0.6%x107%=600x% 1077 = 600 nn

2) In young’s double slit experiment while using a source of light of wavelength 4500 A, the
fringe width is 5 mm. If the distance between the screen and the plane of the slit is reduced
to half, what should be the wavelength of light to get fringe width 4 mm?

Given: 1 =4500A=14500%x10"19m
L=5mm=5%x10"3m
D=x

D

p="F———-)
, XD )
o )

Taking equation(2) + (1)

ﬂ’_/l’D’x d
g d ~AD
ﬂI_AIDI

5~ D
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3)

4)

5)

_B'AD  4x1073x4500x 10710 xx 4 x45x107®x 2
pD’ 5x1073 x5 5
A'=720nm

A =72%x10"8=720x%x10"°

In Young's double slit experiment, fringes of certain width are produced on the screen kept
at a distance from the slits. When the screen is moved away from the slits by 0.1m, fringe
width increases by 6 X 10~5m. The separation between the slits is Tmm. Calculate the
wavelength of the light used.

Given: fB=x
D=y
D'=(y+0.1)
B'=(x+6x107°)
d=1mm=1x10"3m

D .
p=" ———-)
, _AD' ,
=7 TTT®

Taking equation(2) — (1)

D DA

A
B~ =20 -D)

Ay+01—-y)

-5 _,_vTe- )

x+6x10 X 1x10-3
6x107°x1x1073 ~

A= =60x 1078 = 600 nm

0.1

Monochromatic light of wavelength 50004 from a narrow slit is incident on the double slit.
If the separation of 10 fringes on the screen 1 m away is 2 cm. Find the slit separation.

Given: 1 =50004 =5000x10"1"m
Xip=2cm=2x10"2m
D=1m

p is the fringe width of one bright or dark fringe.
For 10 fringes, 10 fringe width, x;o =108

AD
xn=nﬂ=n7
AD
x10=10ﬁ=10>< 7
nAD 10 x 5000 x 10719 x 1 _
d= = — =2500% 1077 = 0.25 mm
X10 2%x1072

In a Young's double slit experiment, distance between the slits is 0. 5 mm. When the screen
is kept at a distance of 100 cm from the slits. The distance of ninth Bright fringe from the
center of the fringe system 8.835 mm. Find the wavelength of the light used.
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6)

7)

Given: d=05mm=05%x10"3m
Xo = 8.835mm =8.835x 103 m
D=100cm=1m

Distance of nt" bright fringe and central bright fringe is given by,

. AD
Xp=nff=n P
=94 =9X AD
Xg = ﬁ - d
Xod 8.835x1073x0.5x%x1073 _
A= = = 0.4908 x 107° = 490.8 nm
9D 9x1

In a Young’s double slit experiment wave length of light used is 5000 A and distance
between the slits is 2 mm, distance of screen from the slits is 1m. Find fringe width and also
calculate the distance of 7th dark fringe from central bright fringe.

Given: 1 =50004=5000x%x10"m
d=2mm=2x10"3m
D=1m

_AD _5000x 107" x 1 2500 % 107 = 0.25
b= a="x10® - - e mm

Distance of nt" dark fringe and central bright fringe is given by,

amp-Do-(-)

1 1 . .
x7=<7—5) ﬁ=(7—5)x2500><10 — 6.5 x 2500 X 10

x7 = 16250 x 1077 = 1.625 mm

In Young's double slit experiment the slits are separated by 0.28 mm and the screen is
placed at a distance of 1.4 m away from the slits. The distance between the central bright
fringe and the fifth dark fringe is measured to be 1.35 cm. Calculate the wave length of the
light used. Also find the fringe width if the screen is moved 0.4 m towards the slits, for the
same experimental set up.

Given: d=028mm=0.28x10"3m
D=14m
xs =135cm=135%x10"%m
D'=14-04=1m

For dark fringe,

1 1\ AD
w=(n=3)p=(n-3) T
135 x 10-2 =(5—1)>< Ax1.4 =4.5></1><1.4
2/ 028x10"3 0.28x1073
_135x 1072 x 0.28 x 1073 _ 0378 x 1075

45x 1.4 6.3

=0.06 X 107° = 600 nm

AD" 0.06 x 1075x 1

4~ 028x10-3 0.2142 x 1072 = 2.142 mm

p =
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8)

9)

Calculate the distance between the centres of fourth bright fringe and seventh dark fringe
in an interference pattern produced by Young's double slit experiment of slit separation
1.1mm and separation between the slit and screen being 1.3m. Wavelength of the light
used is 589.3nm.

Given: 1=589.3nm=589.3x10""m
d=11mm=11x10"3m
D=13m

_AD_5893x107°X13 _ oo o
F= = 1ixws %% I

For dark fringe, (Seventh fringe is dark)

1
%= (n=3)8

1 1
X; = (7 _E) B = (7 - E) X 696.45 X 107° = 6.5 X 696.45 x 107°

x; = 45268 x 1073 = 4.5268 mm

For bright fringe, (Fourth fringe is bright)

Xn =nf
Xy = 4B =4 X 696.45 X 1076 = 2785.8 X 107°® = 2.7858 mm

X, —x, = 45268 — 2.7858 = 1.741 mm

A beam of light consisting of two wavelengths 4200A and 56004 is used to obtain
interference fringes in Young's double slit experiment. The distance between the slits is
0.3mm and the distance between the slit and the screen is 1.5m. Compute the least
distance of the point from the central maximum, where the bright fringes due to both the
wavelengths coincide.

Given: 1; = 4200A =4200%x 10"°m
A, = 5600 A = 5600 x 1071%m
d=03mm=03x10"3m
D=15m

We have to calculate the minimum distance at which one of the bright fringe of the first
pattern will coincide with the bright fringe of the other pattern from the central maximum.

For bright fringe,

AD

Xp=nf=n =
4D

For ly =>x1 =n4 4
A,D

For 1, = x, = n, E

As the both bright fringes coincide, x; = x;
D AD
d *d

nm n;
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nidy = nyd,

n, A, 5600x10710 4
n, A, 4200x10-10 3
=n; =4 andn, =3

Fourth bright of the first pattern will coincide with third bright of the other.

10) Light of wavelength 50004 falls on a plane reflecting surface. What are the wavelength and
frequency of reflected light? For what angle of incidence is the reflected ray normal to the

incident ray? Speed of light in vacuum = 3 x 108ms™1.

Given: 1=5000A=5000%x10"1m
C=3x%x108ms™?!

During reflection, wavelength and frequency will not change.
A =75000A =5000x 107 m
C 3 x 108

_ _ 5 _ 14
I_W—Oﬁxml =6x10"*Hz

Vv =

For reflection, i = r
i+7r=90°
i+i=90°
2i=90°

i =45°

11) In a double-slit experiment the angular width of a fringe is found to be 0.2° on a screen
placed 1 m away. The wavelength of light used is 600 nm. What will be the angular width
of the fringe if the entire experimental apparatus is immersed in water? Take refractive
index of water to be 4/3.

Given: 6 =0.2° il
D=1m fringe B
g k)

ny =4/ slit
A=600nm=600x%x10""m '

B
tanB—B
For fissmalltanf =~ 0
_ﬁ_AD A
0 D dD d @

g = 7 where 1’ = —W

, A

A i ©)

¢ A d_1 1 _3
? T nd Xy, (4_/3) 4




