CHAPTER 24
KINETIC THEORY OF GASES

Volume of 1 mole of gas

PV=nRT = V= RFT = M =2238=224L=224%x10°=224%x107°m’
_PV _ 1xix10® _10° _ 1
RT 0.082x273 22.4 22400
No of molecules = 6.023 x 102 x —+_ = 2.688 x 10'°
22400
V=1cm’, T=0°C, P = 10"° mm of Hg
-6
_ PV _ fghxV _ 1.36x980x10°x1 _ o, o1
RT RT 8.31x 273

No. of moluclues = No x n = 6.023 x 10%* x 5.874 x 10" = 3.538 x 10"
_ PV _ 1x1x10® _10°°
T RT ~ 0.082x273  22.4
!10*3 x 32?

mass = =1.428x10°g=1.428m
22.4 g g g
Since mass is same
Nni=N=n
P, = nR><3001 P, = nR x 600
Vo 2V, 2V, Vo
i_nRxSOO>< 2V, —}—1'1 600 K 300 K

V =250 cc = 250 x 10~
P=10°mm=10°x 10°m =107 x 13600 x 10 pascal = 136 x 10" pascal
T=27°C =300K

_ PV _ 136x103%x250 . 5 _ 136x250
n= — = ="~ "9 410 ek

= = = 107
RT 8.3x300 8.3x 300
No. of molecules = 2202250 106, 6x10% = 81 x 1017 =~ 0.8 x 10'°
8.3x 300
P, =8.0 x 10° P, P,=1x10°P,, T,=300K, T,=7?
Since, V1=V, =V
5 6 6

PV: _ RV, N 8x10°xV _ 1x10"xV ~T,= 1x10° x300 ~375° K

T T, 300 T, 8x10°
m=2g, V=0.02m>=0.02x10°cc=0.02x 10%L, T=300K, P=2?

M=2g,
m 2
PV =nRT = PV = MRT =Px20= E><0.082><300

p= 0.082 x 300
20
P= ﬂ = mxﬂ = ﬂ
\% M V M
f —>1.25x 107 g/cm®
R —8.31x 10’ ert/deg/mole

=1.23atm = 1.23 x 10° pa=1.23 x 10° pa

T2 273K
-3 7

—m= fRT _ 1.25x10 7 x8.31x10° x273 _ ) 515796 x 10* = 28 g/mol
P 13.6x 980 < 76
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Kinetic Theory of Gases

10. T atSimla=15°C =15+ 273 =288K
P at Simla= 72 cm =72 x 1072 x 13600 x 9.8
T at Kalka = 35°C = 35 + 273 = 308 K
P at Kalka = 76 cm = 76 x 107 x 13600 x 9.8
PV = nRT
PM

spv="Rr =pMm="RrT = =¥
M v RT

fSimla _ Psipa XM RTcaia

fKalka RTSimIa PKalka xM
_ 72x1072x13600x9.8x308 _ 72x308

> = =1.013
288x76x107°x13600x9.8  76x288

fRalka _ 1 _qg7

fSimla  1.013
11. np=ny=n 7

p. = nRT _ nRT v av /

1 v ' 2 3V \ j \%

i:ﬂxs_v =31 Pr Pr Por P,

P, V  nRT
12. r.m.s velocity of hydrogen molecules = ?

T =300K, R =8.3, M=2g=2x10"°Kg

c= [2RL o c= [3x83x300 _ 1955 6mis=~1930 mis

M 2x10”
Let the temp. at which the C =2 x 1932.6is T’
2 x1932.6 = w = (2 x1932.6)% = M
2x10~ 2x10~
2 -3
- (2x1932.6)" x2x10™ _ T
3x8.3
= T'=1199.98 = 1200 K.
-4
13. Vs = /S—P P =10° Pa =1 atm, f= w
f 10~

5 -3
- /M =1301.8 = 1302 m/s.
1.77x10"

14. Agv. K.E.=3/2 KT
3/2KT=0.04x1.6x10"
= (3/2)x1.38x 10 x T=0.04 x 1.6 x 107
_ 2x0.04x1.6x1071°
© 3x1.38x10°3

8RT _ \/8><8.3><300

=0.0309178 x 10* = 309.178 = 310 K

15. Vo= \/

™ 3.14x0.032
T= Distance _ 6400000 x 2 = 445.25 m/s
Speed 445.25
_ 2874783

km = 7.985 = 8 hrs.
3600

16. M=4x 10" Kg

Vo = \/8RT:\/8><8.3><273 - 120135

™ 3.14x4x107°
Momentum = M x Vg = 6.64 x 107 x 1201.35 = 7.97 x 10°* = 8 x 107" Kg-m/s.
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17.

18.

19.

20.

21.

22.

23.

8RT _ 8x8.3x300

Vavg = =
e ™M  3.14x0.032
NOW, ﬂ = @ L: l
nXx2 nx4 T, 2

Mean speed of the molecule = 1/%

T

Escape velocity = ,/2gr
8RT _ \/ﬂ N 8RT - 201
™ ™

_ 2griM _ 2x9.8x6400000x3.14x2x1072
8R 8x8.3

/8RT
V = -
e M
VauoH / [ /
avg' 2 _ BRT>< nx28 _ 28 :\/]I:374
VavgN2 nx2 8RT 2
The left side of the container has a gas, let having molecular wt. M;

Right part has Mol. wt = M,
Temperature of both left and right chambers are equal as the separating wall is diathermic

SRT _ |BRT _ SRT _8RT M 3 M 3% _4775~1.18
M, M, M, M, ™M, 8 M, 8

Vmean:\/SRT :\/8><8.3><273 - 1698.96

=11863.9 = 11800 m/s.

™ 3.14x2x107°
Total Dist = 1698.96 m
No. of Collisions = &967 =1.23 x 10"

1.38x10"
P =1 atm = 10° Pascal
T=300K, M=2g=2x10"Kg
(@) Vayg = \/SRT = \/ 8x8.3x 3003 = 1781.004 =~ 1780 m/s
™ 3.14x2x10"

(b) When the molecules strike at an angle 45°,

Force exerted = mV Cos 45° — (—-mV Cos 45°) =2 mV Cos 45°=2mV L =J2mv

2

Force _ Pressure

No. of molecules striking per unit area = =
\/Emv x Area \/Emv

5
= 10 = 3 x10%1 =1.19x 10°x 10 =1.19x 10®% = 1.2 x 10%®
V2x2x103x1780  +/2x1780

6x102°

F>1Vl — P2V2
Tl T2
P, — 200 KPa =2 x 10° pa P,="?
T, = 20°C = 293 K T, =40°C = 313 K
Vo=V, + 206 vy = 2020 V1
100

5 7

, 207V, P x102xVy _p  2x107 %313 _ 569,65 pa = 209.462 KPa
293 100 x 313 102 x 293
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24.

25.

26.

27.

28.

V;=1x10° m?, P, =1.5x 10° Pa, T, = 400 K
PiVi=niRiTy

PV, _ 15x10°x1x107® 15
=>n= = =>n=

R,T, 8.3 x 400 8.3x4
my= - M = 10 30 =1.4457 ~ 1.446

8.3x4 8.3x4
P, =1 x 10° Pa, V,=1x107°m?, T, =300 K
P2V, = nyR,T,
5 -3

= PV, _10°x10%° _ 1 _ o040

" R,T, 83x300 3x83
= m,=0.04x32=1.285

Am=m; —m, =1.446 — 1.285=0.1608 g = 0.16 g

P, =10°+ fgh = 10° + 1000 x 10 x 3.3 = 1.33 x 10° pa

P, =10°, T.=T,=T, VE %W(Z x 107°)°
V, = ir:r3, r=?
3
Plvl — P2V2
Tl T2
5_4 -3,3 5 4 o
1.33x10° x —xmwx(2x107°) 10° x —x xr
N 3 _ 3
Tl T2
=1.33x8x10°x10°=10°xr’ =r=7%10.64x10"° =219%x10°=2.2 mm
P,=2atm=2x 10’ pa
V1 =0.002 m’, T, =300 K
P1V1 = anTl
5

—n= PV, _ 2x10°x0.002 _ 4 - 01606

RT, 8.3x300 8.3x3
P, =1atm = 10° pa
V, = 0.0005 m®, T, =300 K
P2V2 = ngRTz

5

= PV, _10°x00005 _ 5 1 _. .,

RT, 8.3x300 3x8.3 10
An = moles leaked out = 0.16 — 0.02 = 0.14
m = 0.040 g, T =100°C, Mue =449
U=3nre= 3Rt T=02

2 2°M

Given S>xMyRT+12 = Sx ML RT'
2" M 2°M

=15x0.01x83x373+12=15%x0.01x83xT'

=T= w =469.3855 K =196.3°C = 196°C
0.1245

PV? = constant

= P1V12 = P2V22

_ ORT, o _ ORI,

X V2 2
Vl V2

DT]_V]_:Tsz:TV:TlXZVDTz:%
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30.

31.

32.

po= (0.05+0.)x8.3x300 _ o2
0.166
P = Atmospheric pressure = 75 x fg
V; =100 x A
P, = Atmospheric pressure + Mercury pessue = 75fg + hgfg (if h = height of mercury)
V, = (100 — h) A
P]_V]_ = P2V2
= 75fg(100A) = (75 + h)fg(100 — h)A
= 75 x 100 = (74 + h) (100 — h) = 7500 = 7500 — 75 h + 100 h — h?
=h’-25h=0=>h*=25h=h=25cm
Height of mercury that can be poured =25 cm
Now, Let the final pressure; Volume & Temp be
After connection = P’ — Partial pressure of A
Pg' — Partial pressure of B

Py x2V _ PyxV

Now T T —l (-
A
]

’

-

Or Pi = P_A ..(1)
T 2T, PalTa P Ts
' Y v
Similarly, T2 = P2 ()
T 2Ty
Adding (1) & (2)
Pan  Po _Pn P _1(Pa Ps
T T 2T, 2Ty 2\Ty Tg
PP P [ Pa' +Pg' = P]
T 2(Ty Tg
V =50 cc =50 x 10° cm®
P = 100 KPa = 10° Pa M=28.8g
(@ PV =nrT,
5 -6 -1
— PV = mRTl —m= PMV _ 10° x28.8x50x10 - 50x28.8x10 - 0.0635 g.
M RT; 8.3x273 8.3x273
(b) When the vessel is kept on boiling water
5 -6 -1
PV = ERTZ —m= PVM _ 10° x28.8x50x10 - 50x28.8x10 = 0.0465
M RT, 8.3x373 8.3x373
(c) When the vessel is closed
Px50x10°= 0'08465 x8.3x273
= p= 00465x83x273 _ 4 47316 x 10° Pa= 73 KPa

28.8x50x10°®

24.5



Kinetic Theory of Gases

33.

34.

35.

36.

Case | —» Net pressure on air in volume V I -
= Pam —hfg=75% frg—10 frg =65 X fug x g
Case Il — Net pressure on air in volume ‘V’ = Py + frg X g X h 20 C’J‘ v il
P1V1 =PV, 1écm l%cm
= frugXgX65 X AX20=fugxgx 75+ fugxgx10xAxh 4 4
_ _ 65%x20 _ Vi
:>62><20—85h:h——85 =152cm=15cm v
2L+10=100=2L=90 =L =45cm
Applying combined gas eqn to part 1 of the tube
(45A)P, _ (45-Xx)P;
300 273 «—L— —l—
_ 273x45xP, C 1] | 2 )
'~ 7300(45 - x) 27°c Po <20, Po o7ec
Applying combined gas eqn to part 2 of the tube
45AP, _ (45+Xx)AP,
300 400
—~p,= 400 x 45 x P,
300(45 + x)
P, =P, «—Lx— «— LtX—
273x45xP, _ 400x45xP, G HW D)
300(45 — x) 300(45 + x) o°C — o°C
= (45—-x) 400 = (45 + x) 273 = 18000 — 400 x = 12285 + 273 x
= (400 + 273)x = 18000 — 12285 = x=28.49
p, = 273x46x76 _ o5 o4 25 cm of Hg
300x36.51
Length of air column on the cooler side = L — x =45 - 8.49 = 36.51
Case | Atmospheric pressure + pressure due to mercury column
Case |l Atmospheric pressure + Component of the pressure due '
to mercury column worl20em | sof“( ,
P1V1 = P2V2 + \ [/
= (76 X frug X g + frg X g x 20) x A x 43 43cm 6/
= (76 X fug X g+ fug x g x 20 x Cos 60°) A x ¢ g
= 96 x43 =86 x1{
== 9643 =48 cm
The middle wall is weakly conducting. Thus after a long 10
time the temperature of both the parts will equalise. «20cm_y « X > £30-x,
The final position of the separating wall be at distance x 400 K 100 K ,
from the left end. So it is at a distance 30 — x from the right P P TP TP
end

Putting combined gas equation of one side of the separating wall,
PixV, _ PyxV,

T T,
- P x20A _ P'xA (1)
400 T
_ Px10A _ -P(30-%) 2
100 T
Equating (1) and (2)
1o _X —30-x=2x=3x=30=x=10cm
2 30-x

The separator will be at a distance 10 cm from left end.

24.6



Kinetic Theory of Gases

37.

38.

39.

40.

d_V =r=>dVvV=rdt
dt

Let the pumped out gas pressure dp
Volume of container = Vy At a pump dv amount of gas has been pumped out.
Pdv = —Vodf = Py df = Vo dp

T d ¢ dtr
= [P=-[TLop=pem®
p P 0

Vo
Half of the gas has been pump out, Pressure will be half = %e“’“v"
3In2:r—t =t= %0
Vo r
— PO
P= W
1+ [—J
VO
= nRT _ Po [PV = nRT according to ideal gas equation]
\Y, v )
1+ —
VO
= RT__ R [Since n =1 mole]
Y, v )
1+ —
VO
= RT _ P [AtV = V]

Vo 2
1+ v
Vo

=PoVo=RT(1+1) = PeVy=2RT=>T= PS\R/O
Internal energy = nRT

Now, PV = nRT

nT = % Here P & V constant

= nT is constant

.. Internal energy = R x Constant = Constant

Frictional force = u N

Let the cork moves to a distance = dI

.. Work done by frictional force = uNde

Before that the work will not start that means volume remains constant
L} :&:i:i = P,=2atm
T T, 300 600

.. Extra Pressure =2 atm — 1 atm = 1 atm

Work done by cork = 1 atm (Adl)  uNdI = [1atm][AdI]

N = 1x10° x(5x1072)? _ 1x10° xnx25x107°

2 2
Total circumference of work = 2rr d—N = i
dl 2nr
5 -5 5 -5
_ 1x10° xtx25x10 _ 1x10 ><25><105 ~ 125 x 10* N/M
0.2x2xr 0.2x2x5x%x10
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41.

42.

43.

44,

I31\/1 — F>2V2
Tl T2
P,V !
= 0% - ﬂ =P =2 PO
Ty 2T,

Net pressure = Py outwards
.. Tension in wire = Py A
Where A is area of tube.

(@) 2Pox = (h2 + ho)fg

:>2P0:h2fg+
thfQZZPo—

fa  fg

ho fg
ho fg

- 2P _hofg _ 2P

- o

fg

(b) K.E. of the water = Pressure energy of the water at that layer

= ImvZ=mxP

2

p
f

:)VZ: E = |: 2 :|
f | f(Py+fahy—ho)

DV:{
fPo+f

1/2
:|

(€) (x + Pg)fh = 2P,
.. 2Po + fg (h —=hg)= Pg + fgx

- Po

fg+h; -

=h,+h
ho 2 1

. i.e. x is hy meter below the top = x is —h; above the top
A=100cm’ =10°m

m =1 kg,
£=20cm

P =100 K Pa=10° Pa

Case | = External pressure exists
Case Il = Internal Pressure does not exist

PV =P,V,
1x9.8

= (105 + 3
10™

] _1x98
1073

= (10°+9.8x10)Ax£=9.8x 10 x A x I/
=10°x2x10+2x9.8x10°=9.8 x 10° x ¢

4 2
g 2x10 +19.63><10 08081 m
9.8x10
P1Vi = P,yV,
- (erPOjA/z Py Al
A
= [&'Sﬂlof’)o.z =10°¢
10x10"

= (9.8 x10°+10%x 0.2=10° '

= 109.8 x 10° x 0.2 = 10° ¢
SU= mgis:)—zaz = 0.2196 = 0.22 m = 22 cm

Ihz

2P,
—_—

[. Since liquid at the same level have same pressure]

2P

H

==
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45.

46.

47.

48.

49.

50.

51.

52.

53.

When the bulbs are maintained at two different temperatures. Y, Vv

The total heat gained by ‘B’ is the heat lost by ‘A’
Let the final temp be x S0, m; SAt = m, SAt

>N Mxs(x=0)=n,Mx S x (62 —X) =N X=62n,— Ny X

62n; _ 62%; _310c=304K

=>X=
n+n, 2n,
For a single ball Initial Temp = 0°C P =76 cm of Hg
PVi _ RV, Vy =V, Hence n; = n,
T T,
76xV _ Py xV ~p,= 403 x 76 — 84,630 ~ 84°C
273 304 273
Temp is 20° Relative humidity = 100%

So the air is saturated at 20°C
Dew point is the temperature at which SVP is equal to present vapour pressure
So 20°C is the dew point.

T =25°C P =104 KPa
H= VP [SVP = 3.2 KPa, RH = 0.6]
SVP

VP =0.6x3.2x10°=1.92x10°=2x 10°
When vapours are removed VP reduces to zero
Net pressure inside the room now = 104 x 10° — 2 x 10% = 102 x 10° = 102 KPa
Temp = 20°C Dew point = 10°C
The place is saturated at 10°C
Even if the temp drop dew point remains unaffected.
The air has V.P. which is the saturation VP at 10°C. It (SVP) does not change on temp.
RH= °_

SVP
The point where the vapour starts condensing, VP = SVP
We know P,V = P,V,
Ry SVP x 10 = SVP x V, =V,=10Ry = 10 x 0.4 = 4 cm®
Atm-Pressure = 76 cm of Hg
When water is introduced the water vapour exerts some pressure which counter acts the atm pressure.
The pressure drops to 75.4 cm
Pressure of Vapour = (76 — 75.4) cm = 0.6 cm
R. Humidity = VP 06 =0.6 =60%

SVP 1

From fig. 24.6, we draw _Lr, from Y axis to meet the graphs.
Hence we find the temp. to be approximately 65°C & 45°C
The temp. of body is 98°F = 37°C
At 37°C from the graph SVP = Just less than 50 mm
B.P. is the temp. when atmospheric pressure equals the atmospheric pressure.
Thus min. pressure to prevent boiling is 50 mm of Hg.
Given
SVP at the dew point = 8.9 mm SVP at room temp = 17.5 mm
Dew point = 10°C as at this temp. the condensation starts
Room temp = 20°C
SVP at dew point _ 8.9

RH = =
SVP at room temp  17.5

=0.508 = 51%
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54.

55.

56.

57.

58.

59. RH

50 cm® of saturated vapour is cooled 30° to 20°. The absolute humidity of saturated H,O vapour 30 g/m®
Absolute humidity is the mass of water vapour present in a given volume at 30°C, it contains 30 g/m®

at 50 m? it contains 30 x 50 = 1500 g
at 20°C it contains 16 x 50 = 800 g
Water condense = 1500 — 800 = 700 g.
Pressure is minimum when the vapour present inside are at saturation vapour pressure
As this is the max. pressure which the vapours can exert. l l
Hence the normal level of mercury drops down by 0.80 cm
.. The height of the Hg column = 76 — 0.80 cm = 75.2 cm of Hg.
[+ Given SVP at atmospheric temp = 0.80 cm of Hg]
Pressure inside the tube = Atmospheric Pressure = 99.4 KPa
Pressure exerted by O, vapour = Atmospheric pressure — V.P.
= 99.4 KPa - 3.4 KPa = 96 KPa

No of moles of O, = n
96 x 10° x50 x 10°=n x 8.3 x 300

_ 96x50x1073

~ 8.3x300
Let the barometer has a length = x
Height of air above the mercury column = (X — 74 — 1) = (x = 73)
Pressure ofair=76 —74—-1=1cm
For 2™ case height of air above = (x — 72.1 — 1 — 1) = (x — 71.1)
Pressure of air = (74 - 72.1 - 1) =0.99

=1.9277x103=1.93x 107

(x - 73)(1) = %(x—?l.l) = 10(x — 73) = 9 (x — 71.1)

=x=10x73-9x71.1=730-639.9=90.1

Height of air = 90.1

Height of barometer tube above the mercury column =90.1 + 1 =91.1 mm
Relative humidity = 40%

SVP = 4.6 mm of Hg

0a=P —VP=04x46=184
4.6
m:ﬂ Dﬁ:ijpzzﬁngg
T, T, 273~ 293 273

Relative humidity at 20°C

_ VP _184x293 ~ 0.109 = 10.9%
SVP 273x10

= VP

SVP
Given, 0.50 = VP
3600

= VP =3600 x 0.5
Let the Extra pressure needed be P
m RT _ m 8.3x300

So,P= —x— = —x
MV 18 1

Now, %x 8.3x300 +3600x0.50 =3600 [airis saturated i.e. RH = 100% =1 or VP = SVP]

=m= (36_18}6 =13g

8.3
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60.

61.

62.

T =300K, Rel. humidity = 20%, V=50m?
SVP at 300 K = 3.3 KPa, V.P. = Relative humidity x SVP = 0.2 x 3.3 x 10°

PV = %RT =0.2x33x%x10°x50= %x8.3><300

_ 0.2x3.3x50x18x10°
=>m=

= 238.55 grams =238 g

8.3x 300

Mass of water present in the room = 238 g.

RH= P 020=—YP . \vpP=02x33x10°=660

SVP 3.3x10°
PV=nRT= p= MRL M RT_ 500, 8.3x300 _ 13033
v M® VvV 18 50

Net P = 1383.3 + 660 = 2043.3 Now, RH = 22343 _ ( 619~ 62%
3300

(@) Rel. humidity = —— "~ 4= L VP=04x16x10°

- =0
SVP at 15°C 1.6x10°

The evaporation occurs as along as the atmosphere does not become saturated.
Net pressure change = 1.6 x 10° — 0.4 x 1.6 x 10° = (1.6 — 0.4 x 1.6)10° = 0.96 x 10°

Net mass of water evaporated = m = 0.96 x 10%® x50 = %x 8.3x 288

3
—m= 0.96x50x18x10" _ 361.45 ~ 361 g
8.3x 288
(b) At 20°C SVP = 2.4 KPa, At 15°C SVP = 1.6 KPa

Net pressure charge = (2.4 — 1.6) x 10° Pa=0.8 x 10° Pa

Mass of water evaporated = m’ = 0.8 x 10° 50 = T—8 x 8.3x293

_ 0.8x50x18x10°
8.3x293

=m'

= 296.06 = 296 grams

Foohohhn
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CHAPTER - 25
CALORIMETRY

Mass of aluminium = 0.5kg, Mass of water = 0.2 kg

Mass of Iron = 0.2 kg Temp. of aluminium and water = 20°C = 297°k
Sp heat o f Iron = 100°C = 373°k. Sp heat of aluminium = 910J/kg-k

Sp heat of Iron = 470J/kg-k Sp heat of water = 4200J/kg-k

Heat again = 0.5 x 910(T — 293) + 0.2 x 4200 x (343 -T)

=(T-292) (0.5 %910 + 0.2 x 4200) Heat lost = 0.2 x 470 x (373 -T)

. Heat gain = Heat lost
= (T —292) (0.5 x 910 + 0.2 x 4200) = 0.2 x 470 x (373 —-T)
= (T —293) (455 + 8400) =49(373-T)

= (T - 293) 1295 _ (373-T)
94
= (T-293)x14=373-T
=>T= 4475 _ 298 k
15
- T=298-273 =25°C. The final temp = 25°C.
mass of Iron = 100g water Eq of caloriemeter = 10g
mass of water = 240g Let the Temp. of surface = 0°C
Siron = 470J/kg°C Total heat gained = Total heat lost.
So, 100 x 470 x(8 — 60) = 250 x 4200 x (60 — 20)
1000 1000
= 470 — 47 x 60 = 25 x 42 x 40
= 6 =4200 + 2820 _ 4448720 =953.61°C
The temp. of A=12°C The temp. of B =19°C
The temp. of C = 28°C The temp of => A+ B = 16°

The temp. of => B + C = 23°
In accordance with the principle of caloriemetry when A & B are mixed

Mca (16 — 12) = Mcg (19— 16) => CA4=CB3 = CA= %CB ..()
And when B & C are mixed
Mcg (23 — 19)= M¢c (28 — 23) = 4CB =5CC = CC = %CB ..(2)

When A & c are mixed, if T is the common temperature of mixture
MCA (T - 12) = MCC (28 - T)

= GJ CB(T-12)= [g} CB(28-T)

= 15T — 180 = 448 — 16T

=T= % =20.258°C = 20.3°C

L G G B
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10.

11.

12.

13.
14.

15.

CHAPTER 26
LAWS OF THERMODYNAMICS
QUESTIONS FOR SHORT ANSWER

No in isothermal process heat is added to a system. The temperature does not increase so the internal
energy does not.

Yes, the internal energy must increase when temp. increases; as internal energy depends upon
temperature U oc T

Work done on the gas is 0. as the P.E. of the container si increased and not of gas. Work done by the
gas is 0. as the gas is not expanding.

The temperature of the gas is decreased.
W=Fxd=FdCos 0°=Fd

Change in PE is zero. Change in KE is non Zero.
So, there may be some internal energy. le—d—>1
The outer surface of the cylinder is rubbed vigorously by a polishing machine.

The energy given to the cylinder is work. The heat is produced on the cylinder which transferred to the
gas.

No. work done by rubbing the hands in converted to heat and the hands become warm.

When the bottle is shaken the liquid in it is also shaken. Thus work is done on the liquid. But heat is not
transferred to the liquid.

Final volume = Initial volume. So, the process is isobaric.

Work done in an isobaric process is necessarily zero.

No word can be done by the system without changing its volume.

Internal energy = U = nCyT

Now, since gas is continuously pumped in. So n, = 2n; as the p, = 2p;. Hence the internal energy is
also doubled.

When the tyre bursts, there is adiabatic expansion of the air because the pressure of the air inside is
sufficiently higher than atmospheric pressure. In expansion air does some work against surroundings.
So the internal energy decreases. This leads to a fall in temperature.

‘No’, work is done on the system during this process. No, because the object expands during the
process i.e. volume increases.

No, it is not a reversible process.

Total heat input = Total heat out put i.e., the total heat energy given to the system is converted to
mechanical work.

Yes, the entropy of the body decreases. But in order to cool down a body we need another external sink
which draws out the heat the entropy of object in partly transferred to the external sink. Thus once
entropy is created. It is kept by universe. And it is never destroyed. This is according to the 2" Jaw of
thermodynamics

> F

OBJECTIVE -1

(d) Dg = DU + DW. This is the statement of law of conservation of energy. The energy provided is
utilized to do work as well as increase the molecular K.E. and P.E.

(b) Since it is an isothermal process. So temp. will remain constant as a result ‘U’ or internal energy will
also remain constant. So the system has to do positive work.

(a) In case of A AW, > AW, (Area under the graph is higher for A than for B). AAQ:
AQ = Au + dw. Pl ™>
du for both the processes is same (as it is a state function) T BAQ;
AQl > AQZ as AW; > AW, vV —
(b) As Internal energy is a state function and not a path function. AU; = AU, A
-
. B

\/
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Laws of thermodynamics

(a) In the process the volume of the system increases continuously. Thus, the work
done increases continuously.

N

\Vand

—»

(c) for A — In a so thermal system temp remains same although heat is added.
for B — For the work done by the system volume increase as is consumes heat.

(c) In this case P and T varry proportionally i.e. P/T = constant. This is possible only p £

when volume does not change. .. pdv=0 ®
T

(C) Given : AV = AVg. But P, < Pg
Now, W4 = Pa AVg; W = Pg AVg; S0, Wa < Whg. —_—

\

(b) As the volume of the gas decreases, the temperature increases as well as the pressure. But, on
passage of time, the heat develops radiates through the metallic cylinder thus T decreases as well as
the pressure.

OBJECTIVE —1I

(b), (c) Pressure P and Volume V both increases. Thus work done is positive (V increases). Heat must
be added to the system to follow this process. So temperature must increases.

(a) (b) Initial temp = Final Temp. Initial internal energy = Final internal energy.
i.e. AU =0, So, this is found in case of a cyclic process.

(d) AU = Heat supplied, AW = Work done.
(AQ — AW) = du, du is same for both the methods since it is a state function.

0

(a) (c) Since itis a cyclic process.
So, AU; =— AU, hence AU, + AU, =0
AQ—-AW =0

(a) (d) Internal energy decreases by the same amount as work done.
du = dw, .. dQ = 0. Thus the process is adiabatic. In adiabatic process, dU = — dw. Since ‘U’ decreases

-~

V—P

—» T

U, — U, is —ve. ..dw should be +ve = n—Rl(T1 —Tz) is +ve. T, > T, .. Temperature decreases.
v —

EXERCISES

t; =15°c t,=17°
At=t,—t;,=17-15=2°C=2+273=275K
m, =100 g =0.1 kg m,, =200 g =0.2 kg
Cug = 420 J/kg—k W, = 4200 J/kg—k
(a) The heat transferred to the liquid vessel system is 0. The internal heat is shared in between the
vessel and water.
(b) Work done on the system = Heat produced unit

= dw =100 x 1072 x 420 x 2 + 200 x 107> x 4200 x 2 = 84 + 84 x 20 = 84 x 21 = 1764 J.
(c)dQ =0, dU = - dw = 1764. [since dw = —ve work done on the system]
(a) Heat is not given to the liquid. Instead the mechanical work done is converted
to heat. So, heat given to liquid is z.
(b) Work done on the liquid is the PE lost by the 12 kg mass = mgh =12 x 10x
0.70=84J
(c) Rise in temp at At We know, 84 = msAt

= 84 =1 x 4200 x At (for ‘m’ = 1kg) = At = 84 =0.02 k
4200
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Laws of thermodynamics

10.

mass of block = 100 kg
u=2m/s,m=02 v=0
dQ =du + dw
In this case dQ =0
_ _ [1 2 1 2} _1 _
> -—-du=dw=du= —-|=mv ——=mu“ | = =x100x2x2 =200J
2 2 2
Q=100J
We know, AU = AQ — AW
Here since the container is rigid, AV = 0,
Hence the AW = PAV =0,
So, AU = AQ =100 J.
P, =10 kpa = 10 x 10° pa. P, =50 x 10’ pa. v;=200cc. Vv,=50cc

(i) Work done on the gas = %(10 +50)x10° x (50 —200)x107° =— 4.5

(HdQ=0=0=du+dw=du=—dw=45J

initial State ‘I’ Final State ‘f’
Given Ll = P2
Tl TZ

where P; — Initial Pressure ; P, — Final Pressure.
T,, T1 —> Absolute temp. So, AV =0
Work done by gas = PAV =0

In path ACB, VT D
W + Wae = 0 + pdv = 30 x 10° (25 — 10) x 10° =0.45 J 25 ccf~ =~ —°
In path AB, Wg = % x (10 + 30) x 10° 15 x 10°=0.30 J 10 - c
In path ADB, W = Wap + Wpg = 10 x 10° (25 - 10) x 10°+0=10.15J A

10 kpa 30 kpa P—>

AQ = AU + AW

Inabc, AQ=80J AW =230J Vi
So,AU=(80-30)J=50J

Now in adc, AW =10J c
S0,AQ=10+50=60J[..AU =50J] \ | p

In path ACB,

dQ =50050x 4.2=210J 1
dW =W + Weg = 50 x 10% x 200 x 10°=10J 155k§a b ,, B
dQ = dU + dw
= dU = dQ — dW = 210 — 10 = 200 J S0kpa —2 c
In path ADB, dQ =? 200 cc 400 cc V—>
dU =200 J (Internal energy change between 2 points is always same)

dW = Wap + Wpg = 0+ 155 x 10% x 200 x 10° =31 J

dQ = dU + dW =200 + 31 = 231 J = 55 cal

Heat absorbed = work done = Area under the graph
In the given case heat absorbed = area of the circle
=1 x10*x10°%x10°=3.14 x 10=31.4 J

100 300

P—>(kpa)
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Laws of thermodynamics

11. dQ =2.4 cal =2.4J Joules

dw = Wpg + Wee + Wic \% C

=0 + (1/2) x (100 + 200) x 10% 200 x 10° — 100 x 10° x 200 x 10°° 700 cep---

= (1/2) x 300 x 10% 200 x 10° — 20 = 30 — 20 = 10 joules. h 5

du = 0 (in a cyclic process) 600 cer-g ': !

dQ = dU +dW => 2.4 J = 10 100kpa 200kpa p —»

=9= 22 <447 ycal
2.4

12. Now, AQ = (2625 % J) J

AU = 5000 J

From Graph AW = 200 x 10° x 0.03 = 6000 J.

Now, AQ = AW + AU 200 kpa

= 2625 J = 6000 + 5000 J

J= 11000

2625

13. dQ=70cal=(70%x4.2)J

250 cc |-
dW = (1/2) x (200 + 500) x 10° x 150 x 10°° cc :
=(1/2) x 500 x 150 x 1078 :

100ccf--------- :

=525x 10" =525 J

du="2 dQ =du + dw
=—-294=du+525

= du=-294-525=-346.5]

14. U=15pV P=1x10°Pa
dV = (200 — 100) cm® = 100 cm® = 10 m®
du=15x10°x10"* =15
dw =10°x 10 =10
dQ=dU+dwW =10+ 15=25]

15. dQ=101J
dvV=Ax10cm®=4x10cm®=40 x 10° cm®
dw = Pdv = 100 x 10° x 40 x 10° = 4 cm®
du=7 10=du+dw=10=du+4=du=6J.

16. (a) P, =100 KPa

300 kpa

a b

3
=4.19 J/Cal 0.02m™ 0.05 m’

200 kpa 500 kpa

vV, =2m® I
AV, =05 m® P
AP; =100 KPa 100 kpa
From the graph, We find that area under AC is greater than area under
than AB. So, we see that heat is extracted from the system. 2m’ 25m’ V
(b) Amount of heat = Area under ABC.
= 1.2 410 = 25000 J
2 10
17. n=2mole
dQ =-12001J
dU = 0 (During cyclic Process)
dQ =dU + dwc

= — 1200 = Wpp + Wpee + Wea

= — 1200 = nRAT + Wgc + 0

= —1200 =2 x 8.3 x 200 + Wpc

= Wpe =—400 x 8.3 -1200 = — 4520 J.
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Laws of thermodynamics

18.

19.

20.

21.

Given n = 2 moles
dv=0 v

b
500 k

in ad and bc.
Hence dW = dQ dW = dWyp + dWeg 4

= nRTan%JrnRTZLnﬁ °
Vo 2V, =

= nR x 2.303 x log 2(500 — 300) Ve
=2 x 8.314 x 2.303 x 0.301 x 200 = 2305.31 J

Given M = 2 kg 2t =4°c Sw = 4200 J/Kg—k

fo =999.9 kg/m® f4 = 1000 kg/m* P =10° Pa.

Net internal energy = dv

dQ =DU + dw = msAQ¢ = dU + P(vg — v4)

= 2 x 4200 x 4 = dU + 10°(m — m)

m m

= 33600 = dU + 105[ J = dU + 10°(0.0020002 — 0.002) = dU + 10° 0.0000002

0o Vg
= 33600 = du + 0.02 = du = (33600 — 0.02) J
Mass = 10g = 0.01kg.

P =10°Pa

dQ = Qu,,0°—100° + Qy,, — steam

=0.01 x 4200 x 100 + 0.01 x 2.5 x 10° = 4200 + 25000 = 29200
dW =P x AV
A= 001_o001 0.01699
0.6 1000
dW = PAV = 0.01699 x 10° 1699J
dQ = dW + dU or dU = dQ — dW = 29200 — 1699 = 27501 = 2.75 x 10" J
(a) Since the wall can not be moved thus dU = 0 and dQ = 0.

Hence dW = 0.
P T,

P2 T2

(b) Let final pressure in LHS = P,
In RHS = P,
(.. no. of mole remains constant)

Vi2

Vi2

PV _ PV
2RT, 2RT

PT _ P(PL+P)TiT,
T x

(P +P,)TiT,
A

P, T, (P, +P5)

A

(c) Let T, > T, and ‘T’ be the common temp.
PV
2RT,

=P =

As, T=

Simillarly P, =

Initially% =niry =>n =

n, = P2V Hence dQ = 0, dW = 0, Hence dU = 0.
2RT,

In case (LHS) RHS

Au; =1.5n; R(T - T;) But Au; -Au, =0 Auy, =1.5n, R(T, -T)
= 1.5n; R(T-Ty) =1.5n, R(T,-T)

SN T-nNTi=nT,—=n T=>TN +Nn) =N, T +n, Ty

U =1.5nRT
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Laws of thermodynamics

o T= N1, +n,T,
Ny + N,
PV T, + P,V <, P+ P,
_ 2RT, 2RT, _ PT, +P, Ty
PV . P,V T,T,
2RT, 2RT,
_PAP)TT, _ (P+P)TITy asP, T, +P, T, =
P T, +P, T, A
(d) For RHS dQ =dU (As dwW =0) =15n, R(T,-1)
_L5PV [T, — (P —Po)TiT, | _ L5P,V( Pit,” ~PiTiT,
2RT, P T, -P,T; 2T, A
_ 1.5P,V y T,P(T, -Ty) _ 3PP, (T, -TH)V
2T, A an
22. (@) As the conducting wall is fixed the work done by the gas on the left part vi2 iz
during the process is Zero.
(b) For left side For right side PT, T
2
Pressure = P Let initial Temperature =T, T T
Volume =V V=15nRT _ V=3nRT

No. of moles = n(1mole)
Let initial Temperature = T,

PV PV
— =nRT — =N, RT,
2 1 2 2 2
= ﬂ :(l)RT]_ DTZZ PV x1
2 2n,R
:>T1: —PV :>T2: —PV
2(moles)R 4(moles)R
(c) Let the final Temperature =T
Final Pressure = R
No. of mole = 1 mole + 2 moles = 3 moles
L PV=nRT=T= PV__PV
nR  3(mole)rR
(d) For RHS dQ =dU [as, dW = 0]
PV PV

=15, R(T-Ty)=15x2xRx

3(mole)R - 4(mole)R

4PV -3PV _ 3xRxPV _ PV
=15x2xRx = =7
4 x 3(mole 3x4xR 4

() As, dQ = —dU

DdU:—dQ:¥

L N N W)
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CHAPTER - 27
SPECIFIC HEAT CAPACITIES OF GASES

N =1 mole, W =20g/mol, V=50m/s
K.E. of the vessel = Internal energy of the gas
= (1/2) mv? = (1/2) x 20 x 107 x 50 x 50 = 25 J
50

25:n§r(AT):>25:1x §><8.31><AT:AT: =2k
2 2 3x8.3

m=5g, At=25-15=10°C

Cy =0.172 cal/g-°CJ = 4.2 J/Cal.

dQ =du + dw

Now, V = 0 (for a rigid body)

So, dw = 0.

So dQ =du.

Q=msdt=5x0.172 x 10 = 8.6 cal = 8.6 x 4.2 = 36.12 Joule.
y=1.4, w or piston = 50 kg., A of piston = 100 cm?

Po =100 kpa, g=10 m/sz, x =20 cm.
dw = pdv = [ﬂJr Po]Adx = (Lm‘l+105j100 x1074%x20x1072 = 1.5 x 10° x 20 x 10~* = 300 J.
A 100x10~

nRdt = 300 = dT = 300
nR

300 _ nyR300 _ 300x1.4

dQ =nCpdT = nCp x =1050 J.

nR (y-DnR 0.4
CvH, = 2.4 Callg°C, CpH’ = 3.4 Callg°C
M = 2 g/ Mol, R = 8.3 x 10" erg/mol-°C

We know, Cp — Cy = 1 Cal/g°C
So, difference of molar specific heats
=CpxM-CyxM=1x2=2Callg°C
Now, 2 xJ=R =2 x J =8.3 x 10" erg/mol-°C = J=4.15x 10’ erg/cal.
Cp _
a =
(a) Keeping the pressure constant, dQ = du + dw,

AT =50 K, y=7/6, m=1mole,

dQ =du + dw = nCydT = du + RdT = du = nCpdT — RdT

sz

= 1x R 4T —RdT = — 6 dT —RdT
v-1 Z—l
6

= DT — RdT = 7RdT — RdT = 6 RdT =6 x 8.3 x 50 = 2490 J.
(b) Kipping Volume constant, dv = nC,dT
= 1x R xdt = 1X8'3><

v-1 Z—l
6

7.6, n =1 mole, AT = 50K

50

=8.3x50x6=2490J
(c) Adiabetically dQ =0, du=-dw

~

_ {nX?(Tl—Tz)} = 183 _1)=83x50x6=2490J
-

D
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Specific Heat Capacities of Gases

10.

11.

m=1.18g, V=1x10°cm®=1L T=300k, P =10°Pa
PV =nRT or n= 2V _10°=am,

RT
_ PV _ 1 1 1

T RT  82x102x3x102 82x3  24.6
Now, C, == x2 =246 x 2= 492
n dt

C,=R+C,=1987+49.2=51.187

1

Q=nC,dT = x51.187 x1 = 2.08 Cal.
24.6

V; =100 cm?, V,=200cm® P =2x10°Pa, AQ =50J
(@) AQ = du + dw = 50 = du + 20x 10°(200 — 100 x 10°) = 50 = du + 20 = du =30 J

b)30=nx E>< 8.3x300 [U= E nRT for monoatomic
2 2

—n=—2_=_2 -0008
3x83 249
©du=nCdT=c,=ddu _ 30 _45g

0.008 x 300
C,=C,+R=125+8.3=20.3
(d) C, = 12.5 (Proved above)
Q = Amt of heat given

Workdone:%, AQ=W+AU

for monoatomic gas = AU = Q — % = %
V:nERT: Q =nTx §R:3R><nT
2 2 2

Again Q =n CpdT Where Cp > Molar heat capacity at const. pressure.
3RnT =ndTCp = Cp = 3R

P:KV:nRT—KV:RT KV’ = R AT = 2KVAU3£:d
\Y 2KV

dQ = du + dw = mcdT = CydT + pdv = msdT = C, dT+ PF:(dF
=>ms=Cy+ RKV 3CP+B

KV 2
Gy G-CzR Gz, =R
Cv -1 y-1
Pdv = —(Rdt)

b+1

=0= CvdT+i(Rdt) —1 - Cv

b+ b+ R
3b+1:i: ( ) 'Y+l:>b—

Cy Cy

Considering two gases, in Gas(1) we have,
Y, Cp1 (Sp. Heat at const. ‘P’), Cv, (Sp. Heat at const. V'), n; (No. of moles)
Cp,

=y&Cp;—-Cv; =R
v, =Y P1 1
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Specific Heat Capacities of Gases

12.

13.

D’YCV]_—CV]_:RDCV]_(Y—J.):R

=cov= N &cp =R
y-1 y-1
In Gas(2) we have, y, Cp, (Sp. Heat at const. ‘P’), Cv, (Sp. Heat at const. ‘V') n, (No. of moles)
CL_’Y&CPZ—CVZ— R:>’YCV2—CV2— RSCVz('Y 1)— R3CV2— E— &szzﬂ
Cv, Y- y-1
Givenny:n,=1:2
dU; =nCv; dT & dU, = 2nCv, dT = 3nCvdT
R 2R
~Cy= Cvi+2Cv, _y-1 y-1_ 3R _ R (1)
3 3 (y-1) vy-1
&Cp =yCv = le )
so, SP =y ffrom (1) & (2)]
Cv
Cp'=25RCp"=35R
Cv=15R Cv'=25R
Ny =n, =1 mol (ny + np)CydT =ny C,dT + n, C,dT
~cy= nCv'+n,Cv" _ 1.5R+2.5R oR
n, +n, 2
Cp=Cy+R=2R+R=3R
C
y= P - 3_R =15
Cy 2R
n= 1 mole, R= 2?5 J/mol-k, Y= % Td Tc
d c
(@) Temp at A = T,, PV, = nRT, 200 KPa *
P.V, _ 5000x10° x100x10° y !
=>T,= 22 = =120 k.
7 nR 1.25 100Kpal 212 b |TP
2 3
Similarly temperatures at point b = 240 k at C it is 480 k and at D it is 240 k. 5000 cm® 10000 cm®
(b) For ab process,
dQ = nCpdT [since ab is isobaric]
35 5
-1, R (Tb—Ta):lx 3” 3 x (240 - 120) _1 125, 3 120 =1250
2 y-1 2 5 1 9 2
3
For bc, dQ =du+dw [dqg =0, Isochorie process]
25
— dQ =du=nC,dT = MR —(Te-T,) = 1 (240) = 2223 240 = 1500
y-1 2 2 3 2

T

(c) Heat liberated in cd = — nC,dT

= LR (1) = 22125, 3,040 = 25003
2 y-1 2 3 2

Heat liberated in da = — nC,dT

- 1R (Ta—Td)—71><2—5 (120 - 240) = 750 J

2 y-1
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Specific Heat Capacities of Gases

14.

15.

16.

17.

(a) For a, b 'V’ is constant

P P 100 _ 200 _ 200x 300
== =2 —=— =T, = ——
T T, 300 T, 100
For b,c ‘P’ is constant

vV, V, 100 _ 150 _ 600x150 _
f:fD%_T—Zsz_T_QOOK 100 KPa 200 KPa
(b) Work done = Area enclosed under the graph 50 cc x 200 kpa = 50 x 10° x 200 x 10° J =10 J

(c) ‘Q’ Supplied = nC,dT

So, =600 k

So,

Now, n = PV considering at pt. ‘b’
RT

C,= idT =300 a, b.
vy-1
3 -6
Qe = Y R gr = 200x10°x100x10 7 555 _ 14 925 (-y=1.67)
RT vy-1 600 x 0.67
. _ 'R
Q supplied to be nC,dT [..Cp= oy
y—
3 -6
_ ﬂx YR dT = 200x10° x150x10 ><1'67X8'3><300 — 24925
RT y-1 8.3x900 0.67
dQ=AU+w

Now, AU = Q — w = Heat supplied — Work done = (24.925 + 14.925) — 1 = 29.850

In Joly’s differential steam calorimeter

_ myL

T my(6, -6
m, = Mass of steam condensed = 0.095 g, L =540 Cal/g =540 x 4.2 J/g
m; = Mass of gas present = 3 g, 0, = 20°C, 6, = 100°C
~c,= 0.095x540x4.2 _ 0.89 = 0.9 Jig-K
3(100 - 20)
y=15
Since it is an adiabatic process, So PV' = const.
(a) P1V1V = PszY Given Vi=41L, V,=31L, %: ?
1
Y 15

P (M (ﬂ = 1.5396 =~ 1.54

P, V, 3

(b) TV = Const.
-1 0.5
TV =Tvrt s 2 = [ ) 2 [fj =1.154
1 V2 3
P,=25x10°Pa, V;=100cc, T,=300k
(@) P1Vy" = PV,!

15
=25x10°xV*°= gj x P,

=P, =2"x25x10°=7.07 x 10°~ 7.1 x 10°
(b) T:Vi ™ = TV, = 300 x (100)2° 1= T, x (50)+°~1

T, = 3000 _ 424.32 k =424 k
7.07
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Specific Heat Capacities of Gases

18.

19.

20.

21.

(c) Work done by the gas in the process

mR P,V.
=—— 1= 1]: - [TZ_Tl]
y-1 T(v-1)
5 -6
- 2:5x10°x100x10 7 j5 300y = 22X10 154 — 9072~ 214
300(15 - 1) 300x0.5
y=1.4, T, =20°C =293k, P, =2 atm, p. =1 atm

We know for adiabatic process,
P11~y x T, = le—'y x T, or (2)1—1.4 < (293)1.4 - (1)1—1.4 « T21.4
= (2)% x (293)" = T, = 2153.78 = T, = T, =(2153.78)""* = 240.3 K
P, =100 KPa=10°Pa, V; =400cm’®=400x10°m’ T, =300k,
Y= & =15

CV
(a) Suddenly compressed to V, = 100 cm®

P.V. = P,V,' = 10° (400)"° = P, x (100)**°

= P, =10°x (4)*° = 800 KPa

_ 30020

TV = TVt = 300 x (400)4°7 = T, x (100)"°! = T, =600 K

(b) Even if the container is slowly compressed the walls are adiabatic so heat transferred is O.
Thus the values remain, P, = 800 KPa, T, =600 K.

Given g—" =y Py (Initial Pressure), V, (Initial Volume)
\Y

. . P,V
() (i) Isothermal compression, P,V, = P,V, or, PoVg = 22 0 —~p, =2P,

Y Y
(i) Adiabatic Compression P1V," = P,V,' or 2P, [ﬁ] =pl [ﬁ]
2 4
Y Y
=P'= \;3/ x 2Py x 4y =2"x 2 Py = P2t

0
V, Y
(b) (i) Adiabatic compression P,V," = P,V," or PyVy' = P’(é)} =P =Py2"

i) Isothermal compression P,V,; = P,V, or 2" Py x Vo =P, x Vo = P, = P2
2 4

Initial pressure = P
Initial Volume =V,
_Cp

YCV

P
(a) Isothermally to pressure 70

p
PoVo = 70v1 =V;=2V,

Adiabetically to pressure = Po

P P P P
W) = 2 (V) = 2@ve) = (V)

= 2y+1 VOY = sz = V2 = 2(Y+1)/Y Vo
. Final Volume = 20" v,
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(b) Adiabetically to pressure P—2° to Py
vl vy = PO "y
POX(2 Vo)—;X(V)

PO
Isothermal to pressure 1

P_20 % 21/y VO - FjTOX V" =S V= 2(Y+1)ly Vo

-. Final Volume = 209 v,

22. PV =nRT
Given P = 150 KPa = 150 x 10° Pa, V=150cm®=150x 10°m®, T=300k
3 -6
(@n= PV o 150x10°x150x10 " _ g 436 103 = 0,009 moles.
RT 8.3x 300
C R R
(b)—p:YDY—:Y |:CP:Y_:|
Cy (y-1Cy y-1
=Cy= i = i = E =2R =16.6 J/mole

(c) Given P, = 150 KPa = 150 x 10° Pa, P, =?
Vi=150cm®=150x10°m°, y=15
V,=50cm®=50x%x10°m? ~ T,=300k, T,=?
Since the process is adiabatic Hence — P,V," = P,V,'
= 150x 10° (150 x 107°)" = P, x (50 x 107°)"

150x107°
50x10°°
(d) AQ =W + AU or W = -AU [..AU = 0, in adiabatic]
=—-nCydT =-0.009 x 16.6 x (520 — 300) = - 0.009 x 16.6 x 220=-32.8J=-33J
(e) AU =nCydT =0.009 x 16.6 x 220 = 33 J
23. Vo=V =V¢
For A, the process is isothermal

PaVa = PA'VA' = Pa' = Py V—A/ = Py x 1
\Vi 2

A

1.
= P, =150 x 10° x ( J = 150000 x 3™ = 779.422 x 10° Pa = 780 KPa

For B, the process is adiabatic,

v v 1)18
Pa(Ve)' = PA'(Ve)' =Pg' = Py B-| =Pgx (_j = ois
B

For, C, the process is isobaric

&:V_C,:V_C:%:TC’:A
Tc Te Tc Te Te
Final pressures are equal.
=Pa - P8 _p P PPz 2:2% 122124201
2 21.5
24. P, = Initial Pressure V; = Initial Volume P, = Final Pressure V, = Final Volume

Given, V, = 2V, Isothermal workdone = nRT; Ln (%]
1
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25.

Adiabatic workdone =

PV, -P,V,
vy-1

Given that workdone in both cases is same.

Hence nRT, Ln[

= (y—1)In [

Va J - PVi-PV,

:>( _1) In (VZJ - Plvl_PZVZ
y-1

1 V; nRT;

—(y-1)In2= 1N

VZ - nRTl - nRT2 (I) [ V2 - 2\/1]
nRT, Tl

Vi

We know TV = const. in adiabatic Process.

LA

= T sz_l, orT, (Vz)y_l =T, x (Z)Y_l X (Vl)y_l

Or, T]_ = 2771 X T2 or T2 = T]_l-y (||)
From (i) & (ii)

(y-1)In2=

y=1.5,

T, - T, x2"7

1

S@F-1)Ih2=1-2"%"

T =300k, V:1Lv:%I

(a) The process is adiabatic as it is sudden,

15
P1 Vi =P, Vo' = Py (Vo) = P2 (VOJ =P;=P; (ij =P ("= % =2"%= 22
2

1/2 X

b) P, = 100 KPa =10° Pa W = LLAN, A
-1ttt 2
Y

TiVi"™

t=p,V, ' =300 % (1)t =T,(0.5)" " =>300x1=T, 0.5

T, =300 x /% :300\/5 K

P;V:=nRT; = n= = =

5 -3
PV, _10°x10° _ 1y

RT; R x 300 3R

w= R 1= R |a00-30042] = 300 (1— J2)=-8283~-821.

Y-

1 3R(1.5-1)

(c) Internal Energy,

dQ =0,

= du=—dw=—(-82.8)J=82.8J~82J.

(d) Final Temp = 30042 =300 x 1.414 x 100 = 424.2 k = 424 k.
(e) The pressure is kept constant. .. The process is isobaric.

Work done = nRdT = % x R x (300 — 300 \/5) Final Temp = 300 K

=— %x 300 (0.414) = — 41.4 J. Initial Temp = 3002
(f) Initial volume = M Vl, =V, = ﬁle' =1 300=-11
LER T 2x300x+/2 22

Final volume = 1L

\Y/

Work done in isothermal = nRTIn —2

= L L Rx300In
3R 1

1

1

1242

J: 100 x In (2v2) = 100 x 1.039 ~ 103

(g) Net work done =W, + W + W =—82-41.4 + 103 =-20.4 J.
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26.

27.

28.

29.

Giveny=15 Vi
We know fro adiabatic process TV'™ = Const. vi2
So, T, Vi =T, V't ...(eq) PT PT
As, it is an adiabatic process and all the other conditions are same. Hence the
above equation can be applied.
1.5-1 15-1 0.5 0.5 3v/4 vja
So,Tlxﬂ =T, x X =T, % ﬂ =T, x !
4 4 4 4 - T
1 2
05 05
:)L: X ><i :i SO,Tl:Tzzl:\/§ 3:1
T, 4 3v J3
V =200 cm®, C =12.5 J/mol-k, T =300 k, P=75cm
(a) No. of moles of gas in each vessel,
PV _ 75><13.6><7980><200 ~0.008 A 5
RT 8.3x10" x 300
(b) Heat is supplied to the gas but dv =0
dQ =du=5=nCy,dT = 5 =0.008 x 12.5><dT:dT:—5 for (A)
0.008x12.5
For (B) dT = __10 P_Pa [For container A]
0.008x12.5 T Ta
75 _ P, x0.008x12.5 P 75x5 = 12.5 cm of Hg.
300 5 300x0.008%x12.5
PP [For Container B] = 75 _ Pgx0.008x12.5 = Pg =2 P, =25 cm of Hg.
T Tg 300 10
Mercury moves by a distance Pg— P, =25-12.5=12.5Cm.
mHe =0.1 g, =1.67, =4 g/mol, mH, =?
g Y u g 2 |
p=28/mol y,=1.4
Since it is an adiabatic surrounding
HedQ=ncuT= 24 Rowgr =24, R4 )
4 y-1 4 (1.67-1 He H,
HZ:nCVdT:mx R xdT =M, R xdT [Where m is the rgd.
2 y-1 2 14-1
Mass of Hj]
Since equal amount of heat is given to both and AT is same in both.
Equating (i) & (ii) we get
01, R ar =D R qr = m= 25,92 ~ 00208003
4 0.67 2 04 2 0.67
Initial pressure = Py, Initial Temperature = Ty
Initial Volume = V,
C — A B | |—
_P = »Y
CV
(a) For the diathermic vessel the temperature inside remains constant
PiVi—PoV,=>PogVog=Pyx2Vy= P, = l%o, Temperature = T,
For adiabatic vessel the temperature does not remains constant. The process is adiabatic
TV = Ty Vo o TV ™ = Tox (Vo) = Ty = To| 0 - =Ty« L T
1VvVi 2 V2 ovo 2 0 2 0 2V0 0 2 27,1

27.8



Specific Heat Capacities of Gases

30.

31.

Vo ) _P
PiVi =P,V = Py Vo' =p; (Vo) = Py = Py| =% | = -2
1 V1 2 V2 o Vo' = P1 (2Vo) 1 O(ZV()J Py
(b) When the values are opened, the temperature remains T, through out
P, = iR To Py = N2RTo [Total value after the expt = 2V, + 2V, = 4V]
4V, 4V,
P=P,+P,= (ny +n,)RT, _20RT, _ nRT, _ Py
4V, 4V, 2V 2
For an adiabatic process, PV’ = Const.
There will be a common pressure ‘P’ when the equilibrium is reached Vol2 Vo2
! P, T
Hence P, (%j = P(V')’ PiTu 212
\V/ Y
For left P = Pl[—oj vy ..(1)
2 \% VoV’
¥
For Right P = Pz[%j Vo -V ..(2) !
Equating ‘P’ for both left & right
, 1/y
_ P _ P, OrVO—V _ (P2
V)" (Vo=VY)! Vv’ Py
1y 1y 1y Uy
V—O,—lz quy :V—Q:%:v':% For left ....... €)
\ P \ P P +P,
VP,
Similarly Vo — V' = —2-2—— Forright ...... 4
P 4P

(b) Since the whole process takes place in adiabatic surroundings. The separator is adiabatic. Hence
heat given to the gas in the left part = Zero.

Vy
p,| -0
{3)

(c) From (1) Final pressure P =

(v
(Vo)
1/ P. 1/ 1 1/ 1y
Again from (3) V' = VP orP= il = PilVo) X(Pl P V)V i [Pl " y}
1/ 1/
R vl Y 2 (Vo) P, 2
Pll/y +P21/y

A=1cm’=1x10"*m? M=0.03g=0.03x 10 kg,
P=1atm=10"pascal, L=40cm=0.4m.

L; =80cm=0.8m, P =0.355 atm

The process is adiabatic

P(V) = P(V')'== 1 x (AL)' = 0.355 x (A2L)' = 1 1=0.355 2" = Wlss =2

1
= ylog 2 = log| —— | = 1.4941
v g[o.sssj

5 5 5 -5
e Ez\/1.4941><10 _ | 1.4941x10 :\/1.44l><10 <10 _ 6 33w 447 mis
f m/v 0.03x1073 3x10”
1074 x1x0.4
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32. V =1280 mis, T =0°C, foH,=0.089 kg/m®, IR = 8.3 J/mol-k,
At STP, P = 10° Pa, We know

5 5 2
Veouns = |12 = 1280 = ,/ﬂ = (12802 = X19° _ ., _ 0.089x(1280)" _, /g
fo 0.089 0.089 10°

Again,
R _ 83

Cy= =2
y-1 1.458-1

= 18.1 J/mol-k

Again, g—p =yorCp=yCy=1.458 x 18.1 = 26.3 J/mol-k
\%

33. u=4g=4x10"kg, V = 22400 cm® = 22400 x 10° m®
Cp =5 cal/mol-ki =5 x 4.2 J/mol-k = 21 J/mol-k
Co= R yx8.3
y-1  y-1
21
=21(y-1)=y(8.3)>21y-21=83y=>y= o7
Since the condition is STP, P = 1 atm = 10° pa
21 o8
5 -6
ve [if 127 C J21x10 <2200 <10 _ o) 56 s
f 4x10° 12.7x4x10"
22400 x107°
34. Given fo=1.7 x10° g/lem® =1.7 kg/m®, P =1.5x 10°Pa, R = 8.3 J/mol-k,
f=3.0 KHz.

Node separation in a Kundt” tube = % =6cm, =>A=12cm=12x10°m
So, V= fL=3x10°x 12 x 102 = 360 m/s
5 2
We know, Speed of sound = bl = (360)% = v>15x10 =>y= (360) X15'7 =1.4688
fo 1.7 1.5x10
ButC, = i = L =17.72 J/mol-k
y—1 1.488-1
Again g—F’ =y S0, Cp=yCy=17.72 x 1.468 = 26.01 = 26 J/mol-k
\%
35. f=5x10°Hz,  T=2300Hz, % =33cm=>A1=66x10"m
V=fL=5x10°x6.6 x 107 = (66 x 5) m/s
V= E [Pv=nRT = P = " xRt = PM = foRT = P E]
mV fo m
2 -3
’ (66 5) = yx8.3x300 (66><5) v x8.3x300 oy = (66x5)°x32%x10 - 1.3995
32x107°% 32x1073 8.3x 300
C,= — 83 = 20.7 J/mol-k,
y—l 0.3995

Cp=Cy+R=20.77 + 8.3 = 29.07 J/mol-k.

AAAA
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CHAPTER - 27
SPECIFIC HEAT CAPACITIES OF GASES

N =1 mole, W =20g/mol, V=50m/s
K.E. of the vessel = Internal energy of the gas
= (1/2) mv? = (1/2) x 20 x 107 x 50 x 50 = 25 J
50

25:n§r(AT):>25:1x §><8.31><AT:AT: =2k
2 2 3x8.3

m=5g, At=25-15=10°C

Cy =0.172 cal/g-°CJ = 4.2 J/Cal.

dQ =du + dw

Now, V = 0 (for a rigid body)

So, dw = 0.

So dQ =du.

Q=msdt=5x0.172 x 10 = 8.6 cal = 8.6 x 4.2 = 36.12 Joule.
y=1.4, w or piston = 50 kg., A of piston = 100 cm?

Po =100 kpa, g=10 m/sz, x =20 cm.
dw = pdv = [ﬂJr Po]Adx = (Lm‘l+105j100 x1074%x20x1072 = 1.5 x 10° x 20 x 10~* = 300 J.
A 100x10~

nRdt = 300 = dT = 300
nR

300 _ nyR300 _ 300x1.4

dQ =nCpdT = nCp x =1050 J.

nR (y-DnR 0.4
CvH, = 2.4 Callg°C, CpH’ = 3.4 Callg°C
M = 2 g/ Mol, R = 8.3 x 10" erg/mol-°C

We know, Cp — Cy = 1 Cal/g°C
So, difference of molar specific heats
=CpxM-CyxM=1x2=2Callg°C
Now, 2 xJ=R =2 x J =8.3 x 10" erg/mol-°C = J=4.15x 10’ erg/cal.
Cp _
a =
(a) Keeping the pressure constant, dQ = du + dw,

AT =50 K, y=7/6, m=1mole,

dQ =du + dw = nCydT = du + RdT = du = nCpdT — RdT

sz

= 1x R 4T —RdT = — 6 dT —RdT
v-1 Z—l
6

= DT — RdT = 7RdT — RdT = 6 RdT =6 x 8.3 x 50 = 2490 J.
(b) Kipping Volume constant, dv = nC,dT
= 1x R xdt = 1X8'3><

v-1 Z—l
6

7.6, n =1 mole, AT = 50K

50

=8.3x50x6=2490J
(c) Adiabetically dQ =0, du=-dw

~

_ {nX?(Tl—Tz)} = 183 _1)=83x50x6=2490J
-

D
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10.

11.

m=1.18g, V=1x10°cm®=1L T=300k, P =10°Pa
PV =nRT or n= 2V _10°=am,

RT
_ PV _ 1 1 1

T RT  82x102x3x102 82x3  24.6
Now, C, == x2 =246 x 2= 492
n dt

C,=R+C,=1987+49.2=51.187

1

Q=nC,dT = x51.187 x1 = 2.08 Cal.
24.6

V; =100 cm?, V,=200cm® P =2x10°Pa, AQ =50J
(@) AQ = du + dw = 50 = du + 20x 10°(200 — 100 x 10°) = 50 = du + 20 = du =30 J

b)30=nx E>< 8.3x300 [U= E nRT for monoatomic
2 2

—n=—2_=_2 -0008
3x83 249
©du=nCdT=c,=ddu _ 30 _45g

0.008 x 300
C,=C,+R=125+8.3=20.3
(d) C, = 12.5 (Proved above)
Q = Amt of heat given

Workdone:%, AQ=W+AU

for monoatomic gas = AU = Q — % = %
V:nERT: Q =nTx §R:3R><nT
2 2 2

Again Q =n CpdT Where Cp > Molar heat capacity at const. pressure.
3RnT =ndTCp = Cp = 3R

P:KV:nRT—KV:RT KV’ = R AT = 2KVAU3£:d
\Y 2KV

dQ = du + dw = mcdT = CydT + pdv = msdT = C, dT+ PF:(dF
=>ms=Cy+ RKV 3CP+B

KV 2
Gy G-CzR Gz, =R
Cv -1 y-1
Pdv = —(Rdt)

b+1

=0= CvdT+i(Rdt) —1 - Cv

b+ b+ R
3b+1:i: ( ) 'Y+l:>b—

Cy Cy

Considering two gases, in Gas(1) we have,
Y, Cp1 (Sp. Heat at const. ‘P’), Cv, (Sp. Heat at const. V'), n; (No. of moles)
Cp,

=y&Cp;—-Cv; =R
v, =Y P1 1

27.2



Specific Heat Capacities of Gases

12.

13.

D’YCV]_—CV]_:RDCV]_(Y—J.):R

=cov= N &cp =R
y-1 y-1
In Gas(2) we have, y, Cp, (Sp. Heat at const. ‘P’), Cv, (Sp. Heat at const. ‘V') n, (No. of moles)
CL_’Y&CPZ—CVZ— R:>’YCV2—CV2— RSCVz('Y 1)— R3CV2— E— &szzﬂ
Cv, Y- y-1
Givenny:n,=1:2
dU; =nCv; dT & dU, = 2nCv, dT = 3nCvdT
R 2R
~Cy= Cvi+2Cv, _y-1 y-1_ 3R _ R (1)
3 3 (y-1) vy-1
&Cp =yCv = le )
so, SP =y ffrom (1) & (2)]
Cv
Cp'=25RCp"=35R
Cv=15R Cv'=25R
Ny =n, =1 mol (ny + np)CydT =ny C,dT + n, C,dT
~cy= nCv'+n,Cv" _ 1.5R+2.5R oR
n, +n, 2
Cp=Cy+R=2R+R=3R
C
y= P - 3_R =15
Cy 2R
n= 1 mole, R= 2?5 J/mol-k, Y= % Td Tc
d c
(@) Temp at A = T,, PV, = nRT, 200 KPa *
P.V, _ 5000x10° x100x10° y !
=>T,= 22 = =120 k.
7 nR 1.25 100Kpal 212 b |TP
2 3
Similarly temperatures at point b = 240 k at C it is 480 k and at D it is 240 k. 5000 cm® 10000 cm®
(b) For ab process,
dQ = nCpdT [since ab is isobaric]
35 5
-1, R (Tb—Ta):lx 3” 3 x (240 - 120) _1 125, 3 120 =1250
2 y-1 2 5 1 9 2
3
For bc, dQ =du+dw [dqg =0, Isochorie process]
25
— dQ =du=nC,dT = MR —(Te-T,) = 1 (240) = 2223 240 = 1500
y-1 2 2 3 2

T

(c) Heat liberated in cd = — nC,dT

= LR (1) = 22125, 3,040 = 25003
2 y-1 2 3 2

Heat liberated in da = — nC,dT

- 1R (Ta—Td)—71><2—5 (120 - 240) = 750 J

2 y-1
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14.

15.

16.

17.

(a) For a, b 'V’ is constant

P P 100 _ 200 _ 200x 300
== =2 —=— =T, = ——
T T, 300 T, 100
For b,c ‘P’ is constant

vV, V, 100 _ 150 _ 600x150 _
f:fD%_T—Zsz_T_QOOK 100 KPa 200 KPa
(b) Work done = Area enclosed under the graph 50 cc x 200 kpa = 50 x 10° x 200 x 10° J =10 J

(c) ‘Q’ Supplied = nC,dT

So, =600 k

So,

Now, n = PV considering at pt. ‘b’
RT

C,= idT =300 a, b.
vy-1
3 -6
Qe = Y R gr = 200x10°x100x10 7 555 _ 14 925 (-y=1.67)
RT vy-1 600 x 0.67
. _ 'R
Q supplied to be nC,dT [..Cp= oy
y—
3 -6
_ ﬂx YR dT = 200x10° x150x10 ><1'67X8'3><300 — 24925
RT y-1 8.3x900 0.67
dQ=AU+w

Now, AU = Q — w = Heat supplied — Work done = (24.925 + 14.925) — 1 = 29.850

In Joly’s differential steam calorimeter

_ myL

T my(6, -6
m, = Mass of steam condensed = 0.095 g, L =540 Cal/g =540 x 4.2 J/g
m; = Mass of gas present = 3 g, 0, = 20°C, 6, = 100°C
~c,= 0.095x540x4.2 _ 0.89 = 0.9 Jig-K
3(100 - 20)
y=15
Since it is an adiabatic process, So PV' = const.
(a) P1V1V = PszY Given Vi=41L, V,=31L, %: ?
1
Y 15

P (M (ﬂ = 1.5396 =~ 1.54

P, V, 3

(b) TV = Const.
-1 0.5
TV =Tvrt s 2 = [ ) 2 [fj =1.154
1 V2 3
P,=25x10°Pa, V;=100cc, T,=300k
(@) P1Vy" = PV,!

15
=25x10°xV*°= gj x P,

=P, =2"x25x10°=7.07 x 10°~ 7.1 x 10°
(b) T:Vi ™ = TV, = 300 x (100)2° 1= T, x (50)+°~1

T, = 3000 _ 424.32 k =424 k
7.07
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18.

19.

20.

21.

(c) Work done by the gas in the process

mR P,V.
=—— 1= 1]: - [TZ_Tl]
y-1 T(v-1)
5 -6
- 2:5x10°x100x10 7 j5 300y = 22X10 154 — 9072~ 214
300(15 - 1) 300x0.5
y=1.4, T, =20°C =293k, P, =2 atm, p. =1 atm

We know for adiabatic process,
P11~y x T, = le—'y x T, or (2)1—1.4 < (293)1.4 - (1)1—1.4 « T21.4
= (2)% x (293)" = T, = 2153.78 = T, = T, =(2153.78)""* = 240.3 K
P, =100 KPa=10°Pa, V; =400cm’®=400x10°m’ T, =300k,
Y= & =15

CV
(a) Suddenly compressed to V, = 100 cm®

P.V. = P,V,' = 10° (400)"° = P, x (100)**°

= P, =10°x (4)*° = 800 KPa

_ 30020

TV = TVt = 300 x (400)4°7 = T, x (100)"°! = T, =600 K

(b) Even if the container is slowly compressed the walls are adiabatic so heat transferred is O.
Thus the values remain, P, = 800 KPa, T, =600 K.

Given g—" =y Py (Initial Pressure), V, (Initial Volume)
\Y

. . P,V
() (i) Isothermal compression, P,V, = P,V, or, PoVg = 22 0 —~p, =2P,

Y Y
(i) Adiabatic Compression P1V," = P,V,' or 2P, [ﬁ] =pl [ﬁ]
2 4
Y Y
=P'= \;3/ x 2Py x 4y =2"x 2 Py = P2t

0
V, Y
(b) (i) Adiabatic compression P,V," = P,V," or PyVy' = P’(é)} =P =Py2"

i) Isothermal compression P,V,; = P,V, or 2" Py x Vo =P, x Vo = P, = P2
2 4

Initial pressure = P
Initial Volume =V,
_Cp

YCV

P
(a) Isothermally to pressure 70

p
PoVo = 70v1 =V;=2V,

Adiabetically to pressure = Po

P P P P
W) = 2 (V) = 2@ve) = (V)

= 2y+1 VOY = sz = V2 = 2(Y+1)/Y Vo
. Final Volume = 20" v,
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(b) Adiabetically to pressure P—2° to Py
vl vy = PO "y
POX(2 Vo)—;X(V)

PO
Isothermal to pressure 1

P_20 % 21/y VO - FjTOX V" =S V= 2(Y+1)ly Vo

-. Final Volume = 209 v,

22. PV =nRT
Given P = 150 KPa = 150 x 10° Pa, V=150cm®=150x 10°m®, T=300k
3 -6
(@n= PV o 150x10°x150x10 " _ g 436 103 = 0,009 moles.
RT 8.3x 300
C R R
(b)—p:YDY—:Y |:CP:Y_:|
Cy (y-1Cy y-1
=Cy= i = i = E =2R =16.6 J/mole

(c) Given P, = 150 KPa = 150 x 10° Pa, P, =?
Vi=150cm®=150x10°m°, y=15
V,=50cm®=50x%x10°m? ~ T,=300k, T,=?
Since the process is adiabatic Hence — P,V," = P,V,'
= 150x 10° (150 x 107°)" = P, x (50 x 107°)"

150x107°
50x10°°
(d) AQ =W + AU or W = -AU [..AU = 0, in adiabatic]
=—-nCydT =-0.009 x 16.6 x (520 — 300) = - 0.009 x 16.6 x 220=-32.8J=-33J
(e) AU =nCydT =0.009 x 16.6 x 220 = 33 J
23. Vo=V =V¢
For A, the process is isothermal

PaVa = PA'VA' = Pa' = Py V—A/ = Py x 1
\Vi 2

A

1.
= P, =150 x 10° x ( J = 150000 x 3™ = 779.422 x 10° Pa = 780 KPa

For B, the process is adiabatic,

v v 1)18
Pa(Ve)' = PA'(Ve)' =Pg' = Py B-| =Pgx (_j = ois
B

For, C, the process is isobaric

&:V_C,:V_C:%:TC’:A
Tc Te Tc Te Te
Final pressures are equal.
=Pa - P8 _p P PPz 2:2% 122124201
2 21.5
24. P, = Initial Pressure V; = Initial Volume P, = Final Pressure V, = Final Volume

Given, V, = 2V, Isothermal workdone = nRT; Ln (%]
1
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Specific Heat Capacities of Gases

25.

Adiabatic workdone =

PV, -P,V,
vy-1

Given that workdone in both cases is same.

Hence nRT, Ln[

= (y—1)In [

Va J - PVi-PV,

:>( _1) In (VZJ - Plvl_PZVZ
y-1

1 V; nRT;

—(y-1)In2= 1N

VZ - nRTl - nRT2 (I) [ V2 - 2\/1]
nRT, Tl

Vi

We know TV = const. in adiabatic Process.

LA

= T sz_l, orT, (Vz)y_l =T, x (Z)Y_l X (Vl)y_l

Or, T]_ = 2771 X T2 or T2 = T]_l-y (||)
From (i) & (ii)

(y-1)In2=

y=1.5,

T, - T, x2"7

1

S@F-1)Ih2=1-2"%"

T =300k, V:1Lv:%I

(a) The process is adiabatic as it is sudden,

15
P1 Vi =P, Vo' = Py (Vo) = P2 (VOJ =P;=P; (ij =P ("= % =2"%= 22
2

1/2 X

b) P, = 100 KPa =10° Pa W = LLAN, A
-1ttt 2
Y

TiVi"™

t=p,V, ' =300 % (1)t =T,(0.5)" " =>300x1=T, 0.5

T, =300 x /% :300\/5 K

P;V:=nRT; = n= = =

5 -3
PV, _10°x10° _ 1y

RT; R x 300 3R

w= R 1= R |a00-30042] = 300 (1— J2)=-8283~-821.

Y-

1 3R(1.5-1)

(c) Internal Energy,

dQ =0,

= du=—dw=—(-82.8)J=82.8J~82J.

(d) Final Temp = 30042 =300 x 1.414 x 100 = 424.2 k = 424 k.
(e) The pressure is kept constant. .. The process is isobaric.

Work done = nRdT = % x R x (300 — 300 \/5) Final Temp = 300 K

=— %x 300 (0.414) = — 41.4 J. Initial Temp = 3002
(f) Initial volume = M Vl, =V, = ﬁle' =1 300=-11
LER T 2x300x+/2 22

Final volume = 1L

\Y/

Work done in isothermal = nRTIn —2

= L L Rx300In
3R 1

1

1

1242

J: 100 x In (2v2) = 100 x 1.039 ~ 103

(g) Net work done =W, + W + W =—82-41.4 + 103 =-20.4 J.
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Specific Heat Capacities of Gases

26.

27.

28.

29.

Giveny=15 Vi
We know fro adiabatic process TV'™ = Const. vi2
So, T, Vi =T, V't ...(eq) PT PT
As, it is an adiabatic process and all the other conditions are same. Hence the
above equation can be applied.
1.5-1 15-1 0.5 0.5 3v/4 vja
So,Tlxﬂ =T, x X =T, % ﬂ =T, x !
4 4 4 4 - T
1 2
05 05
:)L: X ><i :i SO,Tl:Tzzl:\/§ 3:1
T, 4 3v J3
V =200 cm®, C =12.5 J/mol-k, T =300 k, P=75cm
(a) No. of moles of gas in each vessel,
PV _ 75><13.6><7980><200 ~0.008 A 5
RT 8.3x10" x 300
(b) Heat is supplied to the gas but dv =0
dQ =du=5=nCy,dT = 5 =0.008 x 12.5><dT:dT:—5 for (A)
0.008x12.5
For (B) dT = __10 P_Pa [For container A]
0.008x12.5 T Ta
75 _ P, x0.008x12.5 P 75x5 = 12.5 cm of Hg.
300 5 300x0.008%x12.5
PP [For Container B] = 75 _ Pgx0.008x12.5 = Pg =2 P, =25 cm of Hg.
T Tg 300 10
Mercury moves by a distance Pg— P, =25-12.5=12.5Cm.
mHe =0.1 g, =1.67, =4 g/mol, mH, =?
g Y u g 2 |
p=28/mol y,=1.4
Since it is an adiabatic surrounding
HedQ=ncuT= 24 Rowgr =24, R4 )
4 y-1 4 (1.67-1 He H,
HZ:nCVdT:mx R xdT =M, R xdT [Where m is the rgd.
2 y-1 2 14-1
Mass of Hj]
Since equal amount of heat is given to both and AT is same in both.
Equating (i) & (ii) we get
01, R ar =D R qr = m= 25,92 ~ 00208003
4 0.67 2 04 2 0.67
Initial pressure = Py, Initial Temperature = Ty
Initial Volume = V,
C — A B | |—
_P = »Y
CV
(a) For the diathermic vessel the temperature inside remains constant
PiVi—PoV,=>PogVog=Pyx2Vy= P, = l%o, Temperature = T,
For adiabatic vessel the temperature does not remains constant. The process is adiabatic
TV = Ty Vo o TV ™ = Tox (Vo) = Ty = To| 0 - =Ty« L T
1VvVi 2 V2 ovo 2 0 2 0 2V0 0 2 27,1

27.8



Specific Heat Capacities of Gases

30.

31.

Vo ) _P
PiVi =P,V = Py Vo' =p; (Vo) = Py = Py| =% | = -2
1 V1 2 V2 o Vo' = P1 (2Vo) 1 O(ZV()J Py
(b) When the values are opened, the temperature remains T, through out
P, = iR To Py = N2RTo [Total value after the expt = 2V, + 2V, = 4V]
4V, 4V,
P=P,+P,= (ny +n,)RT, _20RT, _ nRT, _ Py
4V, 4V, 2V 2
For an adiabatic process, PV’ = Const.
There will be a common pressure ‘P’ when the equilibrium is reached Vol2 Vo2
! P, T
Hence P, (%j = P(V')’ PiTu 212
\V/ Y
For left P = Pl[—oj vy ..(1)
2 \% VoV’
¥
For Right P = Pz[%j Vo -V ..(2) !
Equating ‘P’ for both left & right
, 1/y
_ P _ P, OrVO—V _ (P2
V)" (Vo=VY)! Vv’ Py
1y 1y 1y Uy
V—O,—lz quy :V—Q:%:v':% For left ....... €)
\ P \ P P +P,
VP,
Similarly Vo — V' = —2-2—— Forright ...... 4
P 4P

(b) Since the whole process takes place in adiabatic surroundings. The separator is adiabatic. Hence
heat given to the gas in the left part = Zero.

Vy
p,| -0
{3)

(c) From (1) Final pressure P =

(v
(Vo)
1/ P. 1/ 1 1/ 1y
Again from (3) V' = VP orP= il = PilVo) X(Pl P V)V i [Pl " y}
1/ 1/
R vl Y 2 (Vo) P, 2
Pll/y +P21/y

A=1cm’=1x10"*m? M=0.03g=0.03x 10 kg,
P=1atm=10"pascal, L=40cm=0.4m.

L; =80cm=0.8m, P =0.355 atm

The process is adiabatic

P(V) = P(V')'== 1 x (AL)' = 0.355 x (A2L)' = 1 1=0.355 2" = Wlss =2

1
= ylog 2 = log| —— | = 1.4941
v g[o.sssj

5 5 5 -5
e Ez\/1.4941><10 _ | 1.4941x10 :\/1.44l><10 <10 _ 6 33w 447 mis
f m/v 0.03x1073 3x10”
1074 x1x0.4
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Specific Heat Capacities of Gases

32. V =1280 mis, T =0°C, foH,=0.089 kg/m®, IR = 8.3 J/mol-k,
At STP, P = 10° Pa, We know

5 5 2
Veouns = |12 = 1280 = ,/ﬂ = (12802 = X19° _ ., _ 0.089x(1280)" _, /g
fo 0.089 0.089 10°

Again,
R _ 83

Cy= =2
y-1 1.458-1

= 18.1 J/mol-k

Again, g—p =yorCp=yCy=1.458 x 18.1 = 26.3 J/mol-k
\%

33. u=4g=4x10"kg, V = 22400 cm® = 22400 x 10° m®
Cp =5 cal/mol-ki =5 x 4.2 J/mol-k = 21 J/mol-k
Co= R yx8.3
y-1  y-1
21
=21(y-1)=y(8.3)>21y-21=83y=>y= o7
Since the condition is STP, P = 1 atm = 10° pa
21 o8
5 -6
ve [if 127 C J21x10 <2200 <10 _ o) 56 s
f 4x10° 12.7x4x10"
22400 x107°
34. Given fo=1.7 x10° g/lem® =1.7 kg/m®, P =1.5x 10°Pa, R = 8.3 J/mol-k,
f=3.0 KHz.

Node separation in a Kundt” tube = % =6cm, =>A=12cm=12x10°m
So, V= fL=3x10°x 12 x 102 = 360 m/s
5 2
We know, Speed of sound = bl = (360)% = v>15x10 =>y= (360) X15'7 =1.4688
fo 1.7 1.5x10
ButC, = i = L =17.72 J/mol-k
y—1 1.488-1
Again g—F’ =y S0, Cp=yCy=17.72 x 1.468 = 26.01 = 26 J/mol-k
\%
35. f=5x10°Hz,  T=2300Hz, % =33cm=>A1=66x10"m
V=fL=5x10°x6.6 x 107 = (66 x 5) m/s
V= E [Pv=nRT = P = " xRt = PM = foRT = P E]
mV fo m
2 -3
’ (66 5) = yx8.3x300 (66><5) v x8.3x300 oy = (66x5)°x32%x10 - 1.3995
32x107°% 32x1073 8.3x 300
C,= — 83 = 20.7 J/mol-k,
y—l 0.3995

Cp=Cy+R=20.77 + 8.3 = 29.07 J/mol-k.

AAAA
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CHAPTER 28

HEAT TRANSFER
t; = 90°C, t, = 10°C 10 cm
l=1cm=1x%x10"m 7 -
A=10cmx10cm=0.1x0.1m*=1x 107 m’ o i
K = 0.80 w/m-°C ﬁy A?f
_ -1 -2
Q _ KA(®;-6,) _ 8x107"x1x10™" =80 — 64 J/s = 64 x 60 3840 J.
t I 1x1072 10 1cm
t=1cm=0.01m, A=0.8m>
06, = 300, 06, =80
K = 0.025,
Q _ KA(B;-0,) _ 0.025x0.8x(30030) _ , 0.
t | 0.01
K = 0.04 J/m-5°C, A= 16m’
t, = 97°F = 36.1°C t, = 47°F = 8.33°C
|=0.5cm=0.005m
_ -2
Q _ KA®O1-8,) _ 4x107°x16x27.78 _ .0 )

t I 5x1072
A=25cm?=25x 10 m?
l=1mm=10"m
K =50 w/m-°C
Q

= Rate of conversion of water into steam

100x1073%x2.26x10% _ 1071x2.26x10°

- : =0.376 x 10"
1 min 60
— _4 —

Q _ KA(0,-6,) . 0.376 x10° = 50x 25x107% x (6 —100)

t | 1073
-3 4 5

_ = 107°x0.376x10% _ 10° x0.376 —30.1 =30

50x25x1074 50 x 25

K =46 w/m-s°C

[=1m

A=0.04cm?=4x10"°m?

Liussion ice = 3.36 X 105 J/Kg
6 0°C 100°C

% - 46*"'*110 <100 _ 5 4x10%kg=54x107g.

A = 2400 cm? = 2400 x 10~* m?

{=2mm=2x10"m

K =0.06 w/m-°C

6, =20°C
6, =0°C
_ -4
Q _ KAB.=6,) _ 0'06X2400X130 20 _ 24 x 6 x10™ x 10 = 24 x 6 = 144 J/sec
t L 2x10”
Rate in which ice melts = m_ Q = Lﬂ) Kg/h = M Kgls = 1.52 kg/s.
t txL  3.4x10 3.4x10

{=1mm=10"m m =10 kg
A=200cm’=2x10°m?

Lyap = 2.27 x 10° J/kg

K = 0.80 J/m-s-°C
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Heat Transfer

10.

11.

dQ =2.27 x 10° x 10,
dQ _ 2.27x10’
dt 10°
Again we know
dQ _ 0.80x2x107%x(42-T)

=2.27 x 10* JIs

dt 1x1073
So, 8x2 ><10_33(42 1) 597 %10
10~
= 16 x42 - 16T =227 = T =27.8~28°C
K = 45 w/m-°C
£=60cm=60x%x102m Q. = 40° Q2= 20°

A=02cm?=0.2x 10" m?
Rate of heat flow,

_ -4
_KA(8,-0,) _ 45x0.2x107°x20 _ o0 105 0a

l 60x1072
A=10cm’, h=10cm
_ -3
AQ _ KA(6,-6,) _ 200x107° x30 _ 6000
At / 1x1073
Since heat goes out from both surfaces. Hence net heat coming out.
- AQ 6000 x 2 = 12000, AQ MSA—e
At At At
-3 =] AO
= 6000x2=10"x10 xlOOOx4200xE
49 _ 72000 | 28.57
At 420

So, in 1 Sec. 28.57°C is dropped
Hence for drop of 1°C

sec. = 0.035 sec. is required
28.57

£=20cm=20x 10" m
A=02cm? =0.2x 10" m?
0, = 80°C, 0, = 20°C, K =385
@ Q _ KA(®;—6,) _ 385x0.2x107(80 - 20)
t ’ 20x 1072
(b) Let the temp of the 11 cm point be 6
2 _ Q
Al tKA 20°C 80°C
DA_G = —2'31 < 11 cm >
Al 385x0.2x107*
9-20 _ 2.31
11x1072  385x0.2x107*

=6-20= Mxllxlo*z =33
385x%x0.2
=0=33+20=53
Let the point to be touched be ‘B’
No heat will flow when, the temp at that point is also 25°C

i.e. QAB = QBC < 100 cm >

B
So,

=385x 6 x 10 x10 = 2310 x 102 =2.31

KA(100 - 25) _ KA(25-0) c I | I A

100 — x X <+— X —» «— 100-x —

= 75x=2500-25x = 100 x = 2500 = x =25 cm from the end with 0°C
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Heat Transfer

12.

13.

14.

15.

V =216 cm®
a=6cm, Surface area = 6 a° = 6 x 36 m?
t=0.1cm %:lOOW,
Q _ KA(6,-6,)
t 14
-4
— 100 = K><6><36><102 x5
0.1x10"
kK= —2%  —0.9250 Wim°C ~0.92 Wim°C
6x36x5x10"
Given 0, = 1°C, 6, =0°C
K = 0.50 w/m-°C, d=2mm=2x10"m
A=5x102m? v=10cm/s = 0.1 m/s

Power = Force x Velocity = Mg x v
dQ _ KA(6,-65)

Again Power = —
dt d
So, Mgv = KA, ~9,)
d
_ -1 -2
—~ M= KA(6,-65) _ 5><1O3 ><5><l x1 - 125kg.
dvg 2x107° x107" x10
K = 1.7 W/m-°C fw = 1000 Kg/m® )
Lice = 3.36 x 10° J/kg T=10cm=10x%102m —0C
@ Q- KAO0,) | KA®=0,) _ KA®=0,) g CmI
t 4 t Q mL
_ KA®®,-0,) _ 1.7x[0 - (~10)] o°c
Atf L 10x1072 x 1000 x 3.36 x 10°
= 1 107 =5.059 x 107= 5 x 107 m/sec
3.36

(b) let us assume that x length of ice has become formed to form a small strip of ice of length dx, dt time
is required.

4Q _ KA(AO) _ dmL _ KA(AO) _ Adxfol _ KA(A0)

dt X dt X dt X
N dxfolL _ K(A0) — dt= xdxf oL !
dt X K(AB) ?
[
t t 2 2 d
:>Idt: fol xdx =>t= fol | X2 :—meI— §
0 K(AD) Jo K(AB)| 2 . KAB 2
Putting values
5 -2 6
=>t= 1000x3.36 x10” (10 x10 = 3.36 x10° sec. = _336x10" hrs = 27.45 hrs = 27.5 hrs.
1.7x10x 2 2x17 2x17x3600

let ‘B’ be the maximum level upto which ice is formed. Hence the heat conducted at that point from both
the levels is the same.

Let AB = x A -10°C
. t
ie. 9ice = 9Water = Kige X AX10 _ Kyater x Ax 4 X T
t t X 1-x) v lcm
*
1.7x10 _ 5x10*x4 17 _ 2 1-x l
= = = — = — v
X 1-x X 1-x c 2°C
:17—17x:2x:>19x:l7:>x:i—7 =0.894 =89 cm
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Heat Transfer

16. Kag =50 j/m-s-°c 0, = 40°C
Kgc = 200 j/m-s-°c 0g = 80°C
Kac = 400 j/m-s-°c 0c = 80°C

Length =20 cm =20 x 10° m
A=1cm’=1x10"m’
Qus _ KagxA(Bg —0,) _ 50x1x107* x40

a =1W.
@ = I 20x107?
_ -4
(b) Qac _ Kac XA(Bc —6a) _ 400x1x10 2><40 —800x102=8
t I 20x10~
© Qpc _ Kge xA(Bg —6c) _ 200x1x107*x0
t | 20x1072
17. We know Q = @
KA(6, -9 KA, -6
0, = KAGL=0,) 0, = KA©1=62) /\
d1 d2
KA(6, - 6,) °
Ql nr 2r 2 r r
= = == == dq, = ar, d, =2r
Q, KA®,-0) = = ldy = 2= 21
2r
18. The rate of heat flow per sec.
= 4Qa _ KA@
dt dt
The rate of heat flow per sec.
_ dQs _ KA dog
dt dt
This part of heat is absorbed by the red.
Q _ msA9 where a9 _ Rate of net temp. variation
t dt dt
jmsde _ AdeA_KAdOB :ms@:KA do, dog
dt dt dt dt dt dt

= 0.4><(:1—? =200 x 1 x 107 (5 - 2.5) °C/lcm

= 0.4x@ =200 % 10* x 2.5
dt
o _ 200x25x10
dt 0.4x1072
19. Given
Krubber = 0.15 J/m-s-°C T2 _ Tl =90°C \ /
\
|
]

°C/m = 1250 x 107 = 12.5 °C/m

We know for radial conduction in a Cylinder
Q _ 2nKI(T, - Ty)
t  In(R,/R,) \
_ 2x3.14x15x102 x50x10"1x 90
In(1.2/1)

120°C

A
vy

=232.5=233j/s. < 50 cm >

20. aQ _ Rate of flow of heat
Let us consider a strip at a distance r from the center of thickness dr.
dQ _ Kx2nrdxdo

pm o [d6 = Temperature diff across the thickness dr]
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Heat Transfer

21.

22.

23.

K x 2nrd x dO [ de}
=C= —MM— c=

dr dr
= C% =K2nd do

Integrating

2
=C j & —kond j do = Cllogr]? = K2nd (6, - 01)

= C(log 1, — log 1y) = K2rd (6, — 6;) = C log (:—ZJ = K2rd (0, — 0,)
1

_ K2rd(e, - 6,)
log(r; /1)
T,>T,

A=n(R;’ - Ry’)

S0, 0= KAM=T) _ KAR, -R/)(T, - T)) \

I I
Considering a concentric cylindrical shell of radius ‘r' and thickness R 421

‘dr’. The radial heat flow through the shell J

dQ _ do

H=—=-KA— [(-)ve because as r — increases 0 «
dt dt

decreases]

A =27l H=-2xnrl K @
dt

or | — = -
r H
Rl Tl

R4 2nLK ¢
r T J'de

Integrating and simplifying we get
_dQ _ 2aKL(T, -T,;) _ 27KL(T, - T;)
T dt  Loge(R,/R,)  In(R,/Ry)
Here the thermal conductivities are in series,
K1A(91 - 92) x KZA(el - 92)

L

Iy 1, - KA(6, -6,)
- KyA(B, - 65) + K2A(0; - 6,) I +1,
Iy I,
K
1 b
Ky + Ka I +1
L
KK _ K —~K= (KiK3) (1 +15)
Kilo +Kolp 1 +15 Ky, +Ksly
Ky = 390 w/m-°C Ks = 46 w/m-°C

Now, Since they are in series connection,

L2

So, the heat passed through the crossections in the same.
— 0°C| Cu
So! Ql - Q2

Steel [100°C

- Koy xAx(0-0) _ Kg xAx(100-6)
| |
= 390(0 — 0) = 46 x 100 — 46 6 = 436 6 = 4600

=0= 4600 _ 10.55=10.6°C
436

o

6°C
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Heat Transfer

24. As the Aluminum rod and Copper rod joined are in parallel

Q_(Q] ,(Q Ll
t t )y Utey 80°C Al Cu 80°C

- KA(ell - 92) - KlA(eil - e2) + KZA(ell — 62)
= K =K; + K, = (390 + 200) = 590
-4

% _ KA(e1| -6,) _ 590x1x10 : x(60-20) _ poq s 107
25. Kp =200 w/m-°C Key = 400 w/m-°C

A=02cm’=2x10"°m?

=20cm=2x10"m

Heat drawn per second
Ky xABO—-40) K, xA(B0—-40)  2x107°x
- QAl + QCU - Al ( )+ Cu ( ) — —

| | 2x10

Heat drawn per min =2.4 x 60 =144 J

26. (Q/M)as = (Q/t)ae pent + (Q/)ee
_ KA(6,-6,)

(QM)ag b = W (@iyee = <AL

(Q/)aepent _ 60 _6
Y~ -~ = D C

Q/t)ge 70 7
0°C E A100"C
(Q/)gE bent + (Q/t)se = 130 El B !
= (Q/M)ge pent + (Q/t)ge 7/6 = 130 <20 cm—>+—60 cm—>+-20 cm—>

7 130x 6
- (g n 1j (Q/)gE pent = 130 = (Q/)se bent = 13X =60

x 40 = 2.36 Watt

40 1200+ 400] = 2.4 J

780 x A x100
70 o0
Q. 390xAx100 ] cm i
—Sstr= ——mm— cm cm
t 60 l |
(Q/t)bent _ 780x A x100 o 60 12 20 cm 20 cm

27. %bent =

(Q/1) str 70 390xAx100 7

Q _ KA®B,-0,) _ l><2><1(40;32) 8000 J/sec.

t ¢ 2x10" 1 mm
/

(b) Resistance of glass = L +—
akg akg

28. (a)

Resistance of air =

a

: l 4 4
Net resistance = — + —+
ak, aky ak,

2, 1) LfZKatkg
alky ki al Kgkg

_1x107° [2 % 0.025 + 1]

2 0.025

_ 1x1073x1.05
0.05
0,-0, _ 8x0.05

= 3 =380.9=381W
R 1x107° x1.05

Q
t
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Heat Transfer

29.

30.

31.

Now; Q/t remains same in both cases

— — 70°C
i Case - KaxAx(100-70) _ KgxAx(70-0) oo
‘ / A . 0°C
= 30Ks=70Kg
In Case 11 - Kg x Ax (100 -6) _ Ka xAx(6-0)
/ / .
= 100KB_KB 0= KAe 100°C| e 0°C
70 B A
= 100Kg — Kg 6 = — Kz 6
B B 30 B
—100= L0+0 —0=300_ 35
3 10
91—92: 100
% = _91;{92 O°C| Al ‘ Cu | Al |100°c
R=R;+R,+R; = ! r ot :f[iJri]:f[‘l_ﬂj:fi
aK, aKg, aK, al200 400 a\ 400 a 80
Q.10 __ 4p-gox100x 2
t (¢/a)1/80) /
a_ 1
= — = —
¢ 200
For (b)
| | |
+ +
R= Rl + R2 - Rl + RCUIQN = RAI + RCUIQN = AKA| AKCU AKA|
Reu +Ral Reu +Ral ! +L
Ace Aa R
Lo | (1 1 | 4 Ry Cu_ Rliooc
= +—+ = | | —x— Al Al
AK, A Kpy+Kg, AL200 200+400) A 600
Q_0,-6, _ 100 _ 100x600 A _ 100x600 1 _
t R (1/A)4/600) 4 4 200 |
Al
For (c)
11,2, 1 1 1 0°C Cu 100°C
R R, R, R; I I I Al
a a a Ts T
= T (Ka+Key +Kp) = T(2><200+400) = T(800) F E
Qe Qc
=R= l i B
a 800 c D
. Q_0,-0, _100x800xa Qx
ot = e .
.
_ 100800 _ 0\ .
200
Letthetemp.atBbe T
Qa - Qe ,Qc L KAL-T) _ KACT-T3) | KAT-T,) T "
t t ot | 1+(1/2) 1+(1/2) F
_ _ _ Qe Qc
o oT _T-T, T-Tp = 3T, -3T=4T - 2(T, + Ty)
[ 3/2  3l/2 c D
Q
=TT =—3T,—2(T, + Ty :T:w 2
Tl A
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Heat Transfer

32. The temp at the both ends of bar F is same

Rate of Heat flow to right = Rate of heat flow through left

= (Q/)a + (Q/t)c = (Q/t)s + (Q/t)p

Ka(M-T)A . Ke(M-TA _ Kg(T-TH)A N Kp(T-T,)A
I I I I

= 2Kp(T1 = T) =2 x 2Ko(T = Tp)

=>T,-T=2T-2T,
T, + 2T,

3

=T=

33. Tan¢ = % = (y-r)
X

= Xrp—Xxrp=yL-nlL
Differentiating wr to ‘X’

Ld dx do
y
h—f=—2-0
TR gy T (r2- 1) r,
_ y
W o g DL (D) f .
dx L (r, -1,
2 6,
NowgzKLdejed_X:knyzde
T dx T |
= LYY rvdo from(1) ) ) -
o « >
= do QLdy

(ry —r)Kny?
Integrating both side

0,
- Joo- __%jdy

o= QL [t
3(92 91) (I’Z—I’l)(ﬂt _Y:|r1
Copo QL 11
O =
QL ‘rz—rl}

= (0,—-07) = X
(02=0.) (- Kn |n+r,

Knryr, (6, - 6,)

= =
Q L
34. o _ _ 60 =0.1°C/sec
dt ~ 10x60
dQ KA
— = —1(0,-6
=g 0102)
_ KAx0.1 KAx0.2 KA x 60
= + Fovrenns +
d d d
= —(0.1+0.2+........ +60)—% 600><(2><01+599><01)
[~a+2a+.......... + na=n/2{2a + (n - 1)a}]
—4 -2
_ 200x1x10 «300% (0.2 +59.9) = 200x107“ x300x60.1
20x1072 20

3x10x60.1 =1803w = 1800 w
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Heat Transfer

35. a=r;=5cm=0.05m
b=r,=20cm=0.2 m

0, =T, =50°C 0, =T,=10°C
Now, considering a small strip of thickness ‘dr’ at a distance ‘r'.
A=4nr’
H=-—4n? K? [(-)ve because with increase of r, 6 decreases]
r
b _ 0
= d_zr = AnK (% do On integration,
a r H Jo,
H= d_Q — 4Ttab(91_62)
dt (b-a)
Putting the values we get
-3
K><4><3.14><5><202><40><10 100
15x10~
=>K= 15 T =2.985=3w/m-°C
4x3.14%x4x10"
36. Q- KA(L—Tp) Rise in Temp. in T, = KA, = Tp)
t L Lms
Fallin Temp in T, = KA =To)  gipg Temp. T, = T, _KAML = T,)
Lms Lms
Final Temp. T,= T, +M
Lms
Final AT = T, - KA(T, - Ty) T, KA(M -Ty)
dt Lms Lms
-,
(,_7,) KAL) _ 0T _ KA, Ty) Mg kA "
v Lms dt Lms (T, -Ty) Lms
(Ti-T,)
—~ Ln (T -Tp)/2 _ —2KAt —in (1/2) = —2KAt —in, = 2KAt —t=In, Lms
(T, -Ty) Lms ms 2KA
37. Q- KA(L-To) Rise in Temp. in T, = KA = T7)
t L Lms,;
Fallin Temp in T, = KA =To)  pipg) Temp. T, =T, _KAML - T7)
Lm,s, Lms,;
Final Temp. T,= T, +M
Lm;s,;
AT _ T, - KA(T, - Tp) T KA -T,) _ (T,-T,)- KA(T, - Ty) + KA(T, - T)
dt Lmys; Lm,s, Lm,s; Lm,s,
dT _ KA(M-T,)( 1 1 4T KA(mys,mis; )
dt L m;S;  M,S, (Tl - Tz) L m;s;m,S,
At = _Q(MJHC
L { misim,s,
Attimet=0, T =T,, AT = ATy = C =1InAT,
7@ m;S;+MyS, R
:}|n£:_ﬁwt:£:e L { msmys,
ATy L { mysym,s, ATy
7@[mlsl+mzsz } 7@[ m;S; +M,s, ]t
— AT = ATO e L\ mism,s, - (T2 _ Tl) e L { mssm,s,
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Heat Transfer

s Q- KA -To) _ nCpdT _KA(T, ~To)
t X dt X l
KA(T, - T, -

_ N(G/2RAT _ KA(T,-To) _ dT _ 2|_A(TS_T0) i
dt X dt 5nRx T
o 0T KAd gy o 2KAE i
(Tg - Ty) 5nRx 0 5nRx T

2KAt

= nds =T o 2KAdL = Ts—T= (Tg-Ty)e 5Rx

Tg-Ty 5nRx
_ 2KAt 2KAt

+
=>T=Tg—(Tg —Ty)e 5Rx = T +(Tg + Ty)e SR

+2KAt +2KAt
:AT:T—TOZ (TS—T0)+(TS—T0)6 SnRx = (TS_TO)+ 1+e SnRx

_ P,AL

nR]

P.AL +2KAt
= ;—R = (Tg—Ty)+|1+e 5Rx [Padv =nRdt  P,Al = nRdt dT

_ 2KAt
L= R —T0)+[l—e SHRX]
P,A
39. A=1.6m’ T=37°C = 310K, 6= 6.0 x 10° w/m*K*
Energy radiated per second
=AcT*=1.6 x 6 x 10° x (310)* = 8865801 x 10™* = 886.58 ~ 887 J
40. A=12cm’=12x 10 m? T=20°C=293K
e=0.8 o =6 x 107 wim*k*

% =AecT'=12x10"0.8 x 6 x 107 (293)* = 4.245 x 10" x 107*® = 0.4245 = 0.42

41. E — Energy radiated per unit area per unit time
Rate of heat flow — Energy radiated
(a) Pertime =E x A
ecT*xA _ 4mr? _
ecT*xA  4r(2r)?
(b) Emissivity of both are same

So, En =

NS
'_\
N

_ mSdT, _
dT, _ m,S, _ s4n°xS, _ 1xmx900 _ 129
dT, m,S; 324nr23 xS, 3.4 x8nx390 T
42. % =AeoT
s_ 0 4 100
teAc 0.8x2x3.14x4x107° x1x6x1078
= T =1697.0~ 1700 K
43. (a) A=20cm®=20x 10~ m?, T=57°C=330K
E=AocT'=20x10"x 6 x 10 x (330)* x 10" = 1.42 J
(b) % = Ace(T* - T2, A=20cm’=20x10"*m?
c=6x10"° T, = 473K, T, =330 K

=20x 107 x 6 x 107° x 1[(473)* — (330)"]
=20 x 6 x [5.005 x 10™° - 1.185 x 10"
=20%x6x3.82x10°=4.58w from the ball.

28.10



44,

45.

46.

47.

48.

r=1cm=1x10°"m
A=4n(10%%=4nx 10" m?
E=03, c=6x10"

% = Ace(T," - T.")

=0.3x6x 107 x 47 x 107 x [(100)* — (300)"]
=0.3x 6 x 41 x 102 x [1 — 0.0081] x 10"
=0.3x6x4x3.14x 9919 x 10~
=4x18x3.14%x9919 x 10°=224=22 W
Since the Cube can be assumed as black body

Heat Transfer

e={
6 =6x 107 wm*k*

A=6x25x10"m?

m =1 kg
s =400 J/kg-°K

T,=227°C =500 K
T,=27°C =300 K

= ms% = ecA(T, = T,")

do _ ecAlT,! -T,*

3 _
dt ms
_ 1x6x1078 x6x25x107* x[(500)* - (300)*]
1x 400

_ 36x25x544
- 400

Q=ecA(T,* - Ty

For any body, 210 = eAc[(500)* — (300)]

For black body, 700 = 1 x Ac[(500)* — (300)*]

x107* = 1224 x 10~ = 0.1224°C/s = 0.12°CIs.

Dividing 210 = =e=03

700 1
A =20 cm?, Ag = 80 cm?
(MS)a = 42 J/°C, (mS)s = 82 J/°C,
Ta = 100°C, Tg = 20°C

Kg is low thus it is a poor conducter and K is high.
Thus A will absorb no heat and conduct all

E] =oAL [(373)' — (203)'] = (ms)A(gJ = oA [(B73)" - (293)]
A A
4 4 -8 4 4
_ (@J _ oA,[373)* —(293)*]_ 6x10°|(373)" - (293)* - 0.08°C/S
dt ), (MS), 42
Similarly [@) = 0.043 °C/S
dt )
% =eAe(T' - T.Y
= % =1 x 6 x 10 [(300)* — (290)] =6x 10 (81 x 108~ 70.7 x 10% = 6 x 10.3
Q _ KA(®;,-6,)
t |
L Q _ KO-0y) _KxA7_ oo KxI7 | 6x103x05 _, o
A | 05 05 17

28.11
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Heat Transfer

49.

50.

51.

6 =6 x 107 w/m*k*
L=20cm=0.2m,
_ KA(6,
R

=E

= K=

K="?
%) _ po(r,t -1,

S(T, ~T,)xd _ 6x10°8 x(750* —300%)x2x10™"

300 K

0, -6,
= K=73.993 = 74.
v =100 cc
AB =5°C
t=5min
For water
mSA0 _ KA

= —Ab
dt I

_, 100x 1073 x1000 x 4200 _

5

For Kerosene
ms _ KA

at I

100 x1073 x 800 x 2100
= t

50

KA

K

- 100x107% x800x 2100 _ 100x10~3 x1000 x 4200

t
_ 5x800x2100
1000 x 4200
50°C 45°C

=2 min

5

40°C

Let the surrounding temperature be ‘T’°C

Avg. t = 50;45 =475

Avg. temp. diff. from surrounding

T=475-T
Rate of fall of temp =

From Newton’s Law
1°C/mm =bA x t
= bA = } = ;
t 475-T
In second case,

40 + 45

Avg, temp = — =425

50-45 _
5

=1 °C/mm

(D)

Avg. temp. diff. from surrounding

t=425-t
Rate of fall of temp =

From Newton’s Law

2 —par
B

5 1

= =
8 (475-T)

45-40 _ 5

x(42.5-T)

—°C/mm
8

By C & D [Componendo & Dividendo method]

We find, T = 34.1°C

800 K

750 K

20 cm >
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Heat Transfer

52. Let the water eq. of calorimeter = m
(M +50x1073)x 4200 x5

= Rate of heat flow

10
-3
(m+100x107°)x4200x5 _ o o
18
- (M+50x107%)x4200x5 _ (M+100x103)x4200x5
10 18

= (m + 50 x 10718 = 10m + 1000 x 10~
= 18m + 18 x 50 x 107> = 10m + 1000 x 10~
= 8m =100 x 10 kg
=>m=125x10"kg=125¢g
53. In steady state condition as no heat is absorbed, the rate of loss of heat by
conduction is equal to that of the supplied.
ie.H=P
m = 1Kg, Power of Heater = 20 W, Room Temp. = 20°C
(@ H= do =P =20 watt
dt
(b) by Newton’s law of cooling
—do

— =K(0© -6

™ (6 —60)

~20 = K(50 - 20) = K = 2/3
. —de 2 20

Again, — =K(0 —0g) = =x(30-20) = —

gain, 2 =K(O-00) = Zx(30-20) = 2 w

(C) (d_Qj = O’ (d_QJ :@ [d_QJ = E
dt ) dt )y, 3 dt )p, 3

T=5min=300"'

Heat liberated = %x300 =1000J

Net Heat absorbed = Heat supplied — Heat Radiated = 6000 — 1000 = 5000 J
Now, mA©’ = 5000
S = M = 5000
mA6 1x10
54. Given:
Heat capacity = m x s = 80 J/°C

(@j = 2°Cls
dt increase

(@j =0.2°Cl/s
dt decrease

=500 J Kg*°c™

(a) Power of heater = mS[@J =80x2=160W
increasing
. de
(b) Power radiated = mS| — =80x0.2=16 W
t decreasing
(c) Now ms(@j =K(T = Typ)
dt decreasing
16
= 16 = K(30 - 20) :K:E:LG

Now, % =K(T-To)=1.6x(30-25)=1.6 x5=8W

d)Pt=H=8xt
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Heat Transfer

de
55. P K(T — To)
Temp. att=0is 0,
(a) Max. Heat that the body can loose = AQ,, = ms(6; — 6)
(.. as, At=0;, — 0g)
(b) if the body loses 90% of the max heat the decrease in its temp. will be
AQp x9 _ (0, —6,)x9
10ms 10
If it takes time ty, for this process, the temp. at t;
_ 91—(91—90)% _ 106, 91)81 9%, _ 6, 1;360 y
do _

Now, — =—-K(0 -6
pm ( 1)

1

Let6=0;att=0; &6 betemp. attimet

17 Y%
or, 0 — 0y = (6, — 6p) ™ (2
Putting value in the Eq (1) and Eq (2)

6, — 90,

—0, =(0,—0p) ™
10 0 (l O)

L N N N )
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CHAPTER - 29
ELECTRIC FIELD AND POTENTIAL
EXERCISES

2
€0 = Coulomb _ - |1M71L73T4
Newton m

- F= kqqu

r2

0. = g, = q = 1.0 C distance between =2 km =1 x 10’ m
koua, .~ _ (9x10%)x1x1 _ 9x10°
F= =

r2 (2x10%)2 22 x10°
The weight of body =mg =40 x 10 N =400 N

wt of body _ (2.25 x10° ]l - (56)" =

so, force = =2,25x% 10°N

So,
force between charges 4x10° 5.6

So, force between charges = 5.6 weight of body.
g=1C, Letthe distance be y
F=50x9.8=490
2 9 12 9

_ Kg — 490 = 9><102><l or 42 = 9x10

% % 490
=y =4.29x10°m
charges ‘q’ each, AB=1m
wt, of 50 kg person =50 x g =50 x 9.8 =490 N

F =18.36 x 10°

2
Fo= X2 R RPN
r r
2 490xr? _ 490x1x1

= =
a 9x10° 9x10°

== V54.4x107° =23.323 x 10" coulomb = 2.3 x 10~* coulomb
Charge on each proton = a= 1.6 x 10™*° coulomb
Distance between charges = 10 x 10™° metre =t

2 9 -38
Force = kiz - 9x10°x16 ><3§.6><10 =9 x 2.56 x 10 = 230.4 Newton
r 10~
0. =2.0x107° 2=1.0x10° r=10cm=0.1m
Let the charge be at a distance x from q;
- qulq F,= kaa, . o
x (0.1-y)
_ 9.9%x2x10°x10° xq

XZ

Now since the net force is zero on the charge g. =fi="f
- ka,q _  kaa,
01y
=201-9°=y* =2V201-y9 =y
. 0.1/2
1442

Fi

=0.0586 m =5.86 cm=5.9 cm From larger charge

A

29.1



Electric Field and Potential

10.

11.

12.

g =2x10°¢ g=—1x10"c r=10cm=10x 102 m
Let the third charge be a  s0, F-poc = — F-gc o
6 1410 Ao 2 ¢
kQg, _ -KQg, 2x10 x . . . i
B S e = = -6 B _1x10°
r12 r22 (10 + X)Z XZ 2x107¢c X Cc
=292=(10+ )%= V21 =10+ 3 = x(V2 '1):103":%51 =24.14cmy

So, distance = 24.14 + 10 = 34.14 cm from larger charge
Minimum charge of a body is the charge of an electron

Wo,q:1,6x10’1gc X:10m21><10720m
9 -19 -19
So, F = kq12q2 - 9x10” x1.6 xg_.G xl(; x10 =23.04 % 103892223 04 x 105 =23 x 10°%
r 107 %10~
10x100

No. of electrons of 100 g water = TR =55.5 Nos Total charge = 55.5

No. of electrons in 18 g of H,O = 6.023 x 10%* x 10 = 6.023 x 10**

24
No. of electrons in 100 g of H,O = 6.023 Xig 100 _ ) 334 x 107 = 3.334 x 107
Total charge = 3.34 x 10°° x 1.6 x 10°=5.34 x 10° ¢
Molecular weight of H,O =2 x 1 x 16 = 16
No. of electrons present in one molecule of H,O = 10
18 gm of H,0 has 6.023 x 10* molecule

18 gm of H,O has 6.023 x 10% x 10 electrons

24
100 gm of H,O has % x100 electrons
26
So number of protons = 6.023x107 protons (since atom is electrically neutral
18
_ 1.6x107*° x6.023x10% _ 1.6x6.023x10"
Charge of protons = 18 coulomb = BT e— coulomb
7
Charge of electrons = = % coulomb
9 Xlog[l.Sx 6.023 x107JX [1.6 x 6.023 ><107]
18 18
Hence Electrical force = ™
(10x1079)
= %x 1.6x6.023x10%° = 2.56 x 10”° Newton

Let two protons be at a distance be 13.8 femi

Fo 9x10° x1.6x107%8
(14.8)? x10™%°

F=0.1N

r=1cm =107 (As they rubbed with each other. So the charge on each sphere are equal)

=12N

2 4
So,F= Xl o= KO 2 0110 oo bog0u4 o g= Liao
r (1072) 9x10 9
1.6x10 "¢ Carries by 1 electron 1 c carried by ;19
1.6x10"

0.33 x 10’ ¢ carries by ;lgxme, x10~7 =0.208 x 10" = 2.08 x 10"
1.6x10"
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Electric Field and Potential

13.

14.

15.

16.

17.

18.

19.

o kg, _ 9 x109x1.6x1.6x107° x10*° _ 23.04x10™%
r2 (2.75x10719)2 7.56x10"%°

Given: mass of proton = 1.67 x 107" kg = M,

k=9x10° Charge of proton = 1.6 x 10 ° ¢ = C,

G=6.67x 10" Let the separation be ‘'

2 2
G, o GMy)
r r

K(Cp)2X 2 9x109x(1.6x10720)?
r2 G(M,)*  6.67x107" x(1.67x107%")?

=3.04 x107°

Fe =

=9x 256 x 10°® = 1,24 x10%®

Now, Fe : Fg =

—kr
. . 2
Expression of electrical force F= Cxe'
dim ensional formulae of C

Since e™ is a pure number. So, dimensional formulae of F = - - >
dimensional formulae of r

Or, [MLT’Z][LZ] = dimensional formulae of C = [MLS'Fz]
Unit of C = unit of force x unit of r* = Newton x m? = Newton—m?
Since —kr is a number hence dimensional formulae of
k = L
dim entional formulae of r

Three charges are held at three corners of a equilateral trangle.

=L Unitofk=m™

Let the charges be A, B and C. It is of length 5 cm or 0.05 m F F1
Force exerted by Bon A =F; force exerted by Con A=F, 9
So, force exerted on A =resultant F; = F, A
F:I<q_22: 9x109x2x2x_24x10*12 =36 10=144 0.05m 0.05m
r 5x5x10 25 A
Now, force on A = 2 x F cos 30° since it is equilateral A. B 005m

= Forceon A=2x1.44 x \/g =24.94 N.

91=02=03=0s=2x10°C A B
v=5cm=5x1072m

so force on C = Fep + Feg + Fep

- — C
so Force along x Component = F.p + Fcp €0s45°+0 D » Fep
_ k(2x107%)2 . k(2x107%)? 1 kg2 1 1 b
(5x1072)2  (5x1072)2 22 25x10™* 5042 x107* Fee
9 -12
= 9x10” x 4><10 + L =1.44 (1.35) = 19.49 Force along % component = 19.49
24x10° 22

So, Resultant R = y/Fx? + Fy? =19.49+/2 =27.56

R=0.53A°=053x%x10""m

Fo Kats _ 9x10°x1.6x1.6x107®
r? 0.53x0.53x107% x1071°

Fe from previous problem No. 18 =8.2 x 10° N Ve="7?

=82.02x10°N

Now, M, = 9.12 x 10" kg r=053x10"°m
M 2 ) -8 ) -10
Now, Fe = MeV™ 2 Fexr _ 8.2x10 " x0 52’; 10 0.4775 x 10" = 4.775 x 1022 m?/s?
r me 9.1x10"

=v=2.18x10°m/s
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Electric Field and Potential

20.

21.

22.

23.

Electric force feeled by 1 ¢ due to 1 x 107 c.

-8
F,= kx1x107" x1 =k x10°N. electric force feeled by 1 ¢ dueto 8 x 10%c.
(10x1072)?
_ kx8x10°x1 _ kx8xx10®x10% _ 28kx107° ok x 10° N
(23x1072)? 9 4 '
-8
Similarly Fs = "in—loz:l =3k x 10° N
(30x1072)
SO, F=F, +Fp+F3+ ...... +Fpo=kx10°%@1+2+3+.....+10) N
=k x 107° x lOTXll =55k x 10°=55x 9 x 10° x 10° N = 4.95 x 10° N
2 r=1m
Force exerted = kq21 Oo—— )
r | of S5 |

_ 9x10%x2x2x1071®
12

qlqu:ZX1O’7c m=100g
I=50cm=5x107m d=5x10"m
(a) Now Electric force

g’ 9x10° x4x1071
F=K5 = ~4

r 25x10
(b) The components of Resultant force along it is zero,
because mg balances T cos 6 and so also.
F=mg=Tsin6
(c) Tension on the string
Tsind=F T cos 6=mg

= 3.6 x 10" is the force exerted on the string

N=144x10°N=0.144N

ButTcos 0=10°x10°x10=1N
T= i =secH
0s 0
F
= .
Sin 6 = 0.145369 ; Cos 6 = 0.989378;

q=20x10°c n=? T=? Sino= L
20

Force between the charges 20 cm
9 -8 -8
F:Kq12q2 _ 9x10 ><2><102>;2><10 —4x10°N
r (83x1077)
-3
mgsin®=F=m= F_ . 4x10 =8x10°=8gm 5cm
gsin®  10x(1/20) :\ A
AN 20 /0
Cos 6= V1-Sin%0 = Jl—i = \/M =0.99 = RN T 120
400 400 \ / :

/

l'1em\ 1ecm /Z1¢
So, T=mg cos 0 N>
OrT=8x10°10x0.99=8x10°M mg |Y
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Electric Field and Potential

24.

25.

26.

27.

28.

T Cos 6 =mg ..(1) ) )
TSind=Fe 2) 7
Solving, (2)/(1) we get,tan 6 = — = ——x— 1596
mg r  mg 20g _ B\ 20g
- 2 _ 9x10° xg? +«— 4cm —>
V1596  (0.04)? x0.02x9.8
o
»_ (0.04)2x0.02x9.8x2 _  627x10* _ 162 i
=q = 5 = 5 =17 x10""c
9x10° x /1596 9x10° x39.95 ¢ ¢
0 EBD fqre}mass
=q=+17x10"1% =4.123x10%¢ g/ q
2 2 |
Electric force = - kg - 5 = Izq_ > mg 2sin®
(/sinQ + /sinQ) 4/ sin
So, T Cos 6 = ms (For equilibrium) T sin 6 = Ef
Ortan 0 = Er
mg
2 2
= mg = Efcot 0 = %COIG = Zqute
4/ sin“ @ £7sin® 0167nE,
2
orm= % unit.
167E,/“Sin“6g
Mass of the bob = 100 g = 0.1 kg e
So Tension in the string = 0.1 x 9.8 = 0.98 N. 10 em ¥ mg
For the Tension to be 0, the charge below should repel the first bob. .
2x10"C
:F:m% T-mg+F=0=>T=mg-f T=mg R
r
9 -4 -2
0098 = 9x10 ><2><120 Xy = O.98><1><l(; - 0054 x 10° N
(0.01) 9x2x10
Let the chargeon C = q
So, net force on c is equal to zero q C 2q
kaQ k29Q Ae— x =+ «—d-x—B
So Fz +F; =0, ButFac=Fgc = —= =
AC " 'BA AC T TBC 2 (d—x)? . d R
=>2¢=(d-x’= J2x=d-x
oy d d X(\/E—l):d(\/i_l)

T 21 W2+1) (V2-1

For the charge onrest, Fac + Fag =0
2 kaQ  kg(2q) _
= 20 =—(2.414)° Q

2 2
= = — =—(0.343 =
° —(x/§+1)2q (3+2\/§Jq ( )9

0= ';—2[(2.414)2Q+2q] =0

—(6-442)

K = 100 N/m £=10cm=10"m q=2.0x10"°c Findt="?
9 -8 -8
Force between them F = kngz = 9x10 2X1072 x2x10 7 _ 55 x 10N K
r 5 10 (i@ ANV e (2
S0, F=—kxorx= —— = % =36x107 cm=3.6x10°m
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Electric Field and Potential

29. ga=2x10°C Mp=80g 1 =0.2
Since B is at equilibrium, So, Fe = uR “«— 10cm —>
3}<C]r+% =pR=pmxg R
_ 0.2x0.08x9.8x0.01 mg

= Qg =87x10°C Range =+8.7x 10° C

9x10°x2x107°
30. q;=2x10"%c Let the distance be r unit

k
. I:repulsion = %
[oF]
For equilibrium kq# =mg sin 0 /
r X
9x10%x4x107*% _ 1 e
= > =mx 9.8 x 2 ax
r

»_ 18x4x10°% _ 72x107°

© mx98  9.8x10°
= r=2.70924 x 10" metre from the bottom.

31. Force on the charge particle ‘g’ at ‘c’ is only the x component of 2 forces

S0, Fonc = Fcg Sin 6 + Fac Sin 6 But |ECB‘ = ‘EAcl

=r =7.34 x 107 metre

KQa X _ 2k6gx __ 16kQq
X dr2)? k2 yqziaf? OC+d? 1A (@ 4 d?)

=2FCBSin9=2

For maximum force Z—F =0
X

o} N
(4x? +d2)—x[3/24x2 +d? SX] c
i[ 16kQax ]:ODK 0 0

dx | (ax2 + ¢@™* [4x? +d?]?

2 2\1/2 2 2\3 2
K@+ d?) [(ax? + 62)® —12x2]

=0 = (4x* +d?)® =12 x? 0
(4x* +d%)® ( ) A di2 B
=16 x* + d* + 8x%d? = 12 x* d*+8x*d*=0
—d®=0 P+8xX=0 —d’=8x =d= -9
242

32. (a) Let Q =charge on A & B Separated by distance d
g=chargeonc displaced 1 to —-AB

So, force on 0 = Fug + Fyo

But Fao Cos 0 = Fgo Cos 6
So, force on ‘0’ in due to vertical component.

E =Fno Sin0d + Fgo Sin 6 |FAO| = |FBO|

=2 K _ging F=— X9 gjng
(d/2° +x°) (d/2)° +x
4x2xkQq X 2kQq

= X = X = Electric force = F o« x
(d% +4x2) [(d/2)? +x21H2  [(d/2)® +x*]®'2
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Electric Field and Potential

33. F

34.

35.

36.

37.

(b) When x << d = —[(d/2)22qu2]3/2 x x<<d
+ X
F:%X:me azizi%
(d”/4) m  m|[(d*/4)+/¢
: ; 4 !
So time period T = 27:\/: = 27:\/:
g a
AC = KQq FCA: KQq
(0 +x)? (1-x)° Sl =t —
“«X>
Net force = KQq 1 5 L 5 —frx—> —bx—>
(-x) (+x)

B (L+x)° = (=% | _ 40x
B KQQ{ (0+ )2 (£ —x)? } KQq{(fz—xzf}

x<<< | =d/2 neglecting x w.r.t. { We get

KQq4fx = KQq4x acceleration = 4KQax
4 0 me3

: 3 3
Time period = 27 —dlsplacement =2n xme” 2n m¢
\ acceleration 4KQgx 4KQq

2 3 3.3 3.3, T2
_ \/475 me34ne, _ \/41‘5 M | [ mde80q = l:n md ao}

netF =

4Qq Qq 2Qq
Fe=15x 107N, q=1%x10°C, Fe=qxE
-3
se=fe o107 g0 NC
q 1x 10~
=2x10°C, q’=-4x10°C, r=20cm=0.2m
(E; = electric field due to qg, E, = electric field due to q5)
2 _ YA _ -6

:>(r—2<) - % (=D _ -9 :4xl06 _1

X 1 X a; 2x10~ 2
(o)=L -t L i a441-2414

X V2 1414 7 x

- - 29 _gog5cem

2414 2414
r = KQ
r 5% 2F Cos 30°
9 -~
5 N/C = 9x10” xQ 7 \\ I
42 [
\ )
_2 ~_

Dw =Q=>0Q=888x10"

9x10
m=10, mg=10x10"°gx 10°kg, q=15x10°C qE

ButgE =mg = (1.5x 10°) E= 10 x 10° x 10
_10x107*x10 _ 100

= —— =66.6 N/C
1.5x10°° 1.5

_100x10%® _ 10%*%
1.5 15

=E

=6.6x10° mo
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Electric Field and Potential

38.

39.

40.

41.

q=1.0x10°C, £=20cm

E=? V=7

Since it forms an equipotential surface.

So the electric field at the centre is Zero. 2x10"'m

1.0x10°®

:g\/(leofl)2 —(107hy? = %Muo*z ~102

= %,/10—2(4—1) = %xlO"z x1.732 =1.15 x10*

9 -8
v = 3x9x10 1f10 =23x10°=2.3x10°V
1x10~

We know : Electric field ‘E’ at ‘P’ due to the charged ring 0
_ KQx _ KQx

(R2 + X2)3/2 R3 P
gxKxQx o

R3

1.0x107° 1.0x10°%C

Force experienced ‘F'=Q x E = —— X ———————*m.

Now, amplitude = x

2 3
So.T = 2n 3 ImR X \/4n80mR \/47: x 4meomR
Kqu/ mR Kqu aQ

e {1611 MR }

aQ

A = Charge per unit length =

|0

dq; for a length dl = A x dI \

r
Electric field at the centre due to charge = k xd—g dg:e N
r dt
The horizontal Components of the Electric field balances each other. Only the
vertical components remain.
". Net Electric field along vertical
KdqxcosO _ 2KCosO,al  butdo = 2 = gt =rdo]
r r r

A

de=2Ecos6=

= @Cosexrde = @Cosexde
r

nl/2 nl2
jz"—kmse de = fz—”“s np = 2 _ 20
r L

butL=nR=r=

El

260 _2knd _ 2 om0 _ 0

SoE= = =
Lx(L/x) L2 Arneg, L2 280L2

G=50uC=50x%x10"°C 0

We have, E = 2KQ for a charged cylinder.
r

¥+ +
\I/

9 -6 -5
~E-=- 2x9x107 x50x10 _ 9x10 ~103x 10~

5v3 53 Q
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Electric Field and Potential

42. Electric field at any point on the axis at a distance x from the center of the ring is

43.

44,

45.

46.

47.

_ xQ _ KxQ
4T[80(R2+X2)3/2 (R2+X2)3/2

Differentiating with respect to x

E _ KQR?+x2)%2 —KxQ(3/2)[R? + x2)122x R
dx (r? +x?)® X
Since at a distance x, Electric field is maximum.
‘;E 0= KQ (R? +)¥ —Kx* Q3(R* +x)" =0
X
= KQ (R* %)% = Kx* Q3(R* + x)"* = R* + x* =3 x*

2
=2x*=R? 3X2:R7:>X:i

V2

Since it is a regular hexagon. So, it forms an equipotential surface. Hence the charge at
each point is equal. Hence the net entire field at the centre is Zero.
. Q Qd!

Charge/Unit length = =) ; Charge of df =
2na na

Initially the electric field was ‘0’ at the centre. Since the element ‘df is removed so, net electric field must
Kxq

Where g = charge of element df

a
_Kg_ 1 Qd¢f 1 _  Qdr
E=— = X=X = —=—
a? 4ng, 2ma a’® 8rlgua’
We know,
Electric field at a point due to a given charge T F\_______i\_;
| [
‘E’= r—zq Where g = charge, r = Distance between the point and the charge dl i : _::_. q
N
e 1 q oy LN
So, 'E'= X — [.. r="d here]
Ameg d? «—d—
E = 20 kv/m = 20 x 10° v/m, m =80 x 10> kg, c=20x10°C
A A

-1
tanez[ri—ij [TSin6=mg, T Cos 6 =qe]

-1 _

_(2x108x20x10°) _ (1"
tan 6 = 5 =|=
80x107° x 10 2

L » gE

1+tan?0= 241=2 [Cose:i,Sine:i]
4 4 V5 V5
TSinO=mg= Tx—— 2 -80x10°x 10
J5
>T= 8X102 x5 = 4x/5x10™* =8.9x 107"

Given

u = Velocity of projection, E = Electric field intensity

g = Charge; m = mass of particle .

We know, Force experienced by a particle with charge ‘q’ in an electric field E = gE _— E_
GE — 1

.. acceleration produced = — m
m -
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Electric Field and Potential

48.

49.

50.

51.

qE

As the particle is projected against the electric field, hence deceleration = —
m

So, let the distance covered be ‘s’

Then, v* = u® + 2as [where a = acceleration, v = final velocity]

2
Here0= u? - 2x3E x5 = 5= Y™ Lits
m

m=1g=10°kg, u=0, q=25%x10"C;E=12x10"N/c;S=40cm=4x10"m

a)F=gE=25x10"x1.2x10°=3N

So,a:E = 33
10°

E,=mg=10°%x98=98x10"°N

-1
b)S = 1.2 ort= f@ = f% =1.63 x 107 sec
2 g 3x10

=3x10°

VV=u?+2as=0+2x3x10°x4x107=24x10°= v=124x10%2 =4.9 x 10 = 49 m/sec

work done by the electric forcew = F>td =3 x4 x 10" =12x 10" =1.2J
m=1009, q=4.9x10°, F,=mg, Fe=0E

E =2x10*N/C

So, the particle moves due to the et resultant R

R= (F,2+F.2 = (0.1x9.8)° +(4.9x10°° x2x10%)?

- /0.9604 + 96.04x 102 = 1.9208 =1.3859 N
F
tanezF—g:m:l So, 0 = 45°

.. Hence path is straight along resultant force at an angle 45° with horizontal
Disp. Vertical = (1/2) x 9.8 x 2x2=19.6 m

Disp. Horizontal = S = (1/2) at® = 1><£><t2 = l>< 0.98
2 m 0.1

Net Dispt. = 1/(19.6)% + (19.6)2 = /768.32 = 27.7 m

m=40g, q=4x10°C

x2x2 =19.6m

N

Time for 20 oscillations = 45 sec. Time for 1 oscillation = % sec

When no electric field is applied, T = 2n L = S 2n L
20 10
2 2
-t (ﬁj Wl = (49)7x10 . ooae
10 (20) = 4x? (20)% x 4n?

When electric field is not applied,

T=2n |- [a= 9B —p5)= 2r | 12830 _ 5508
g-a m 10-25

Time for 1 oscillation = 2.598

Time for 20 oscillation = 2.598 x 20 = 51.96 sec = 52 sec.

F =qE, F =-Kx 0
Where x = amplitude z

gE = — Kx orxzﬁ
K

E
45° I q
|
|
|
mg R
P
m
mg
—>E
K
q m

A
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Electric Field and Potential

52.

53.

54.

55.

56.

57.

The block does not undergo. SHM since here the acceleration is not proportional to displacement and
not always opposite to displacement. When the block is going towards the wall the acceleration is along
displacement and when going away from it the displacement is opposite to acceleration.

Time taken to go towards the wall is the time taken to goes away from it till velocity is

d=ut+ (1/2) at?

— 4 —
=d= 1 x 9E x t2
2 m . ;
2dm 2md :
=t=""" ot= [5= m
qE qE J|-_| o o ,|-_/5‘
.. Total time taken for to reach the wall and com back (Time period)
—ot= 2 2md _ 8md
qE qE
E=10n/c,S=50cm=0.1m
dv

E:d—or,V:Exrzloxo.S:SCm
r

Now, Vg — V, = Potential diff =?  Charge =0.01 C
Work done =12 J Now, Work done = Pot. Diff x Charge

= Pot. Diff = 12 = 1200 Volt
0.01

When the charge is placed at A,

E, = Kg,d, + Kdzd, 2x 107 A 2x 107
r r N 3 7 2
1
_9x10%(2x107)2  9x10°(2x1077)? N g
B 0.1 " 0.1 20cm N 720 cm
9 -14 B
_ 2><9><100>14><10 =72 %10

When charge is placed at B,

_ Kgg, Kgzq, _ 2x9x10°x4x107*
E2 = + =
r r 0.2
Work done =E; —E, = (72 -36) x 10 *=36x 10*J=3.6 x 107> J
(@A=(0,0) B=(4,2)
Ve—Va=Exd=20x 16 =80V
(b) A(4m, 2m), B = (6m, 5m)

= Vg—Va=Exd=20x+(6-4)> =20x2=40V
(c) A(0, 0) B =(6m, 5m)

= Vg—Va=Exd=20x4(6-0)% =20 x6=120V.
(a) The Electric field is along x-direction
Thus potential difference between (0, 0) and (4, 2) is,
8V =—-E x 8x=-20x (40)=-80V
Potential energy (Ug — U,) between the points = 8V x q
=-80x (-2) x 10 =160 x 10 = 0.016 J.
(b)) A=(4m,2m) B =(6m, 5m)
V=—Exox=-20x2=-40V
Potential energy (Ug — U,) between the points = 8§V x g
=-40x (-2 x10%=80x 10" =0.008J
(c)A=(0,0) B = (6m, 5m)
V=—Ex8x=-20x6=-120V
Potential energy (Ug — U,) between the points A and B
=8V xq=—120 x (-2 x 107" = 240 x 10™* = 0.024 J

=36x10"J
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Electric Field and Potential

58.

59.

60.

61.

62.

63.

E= (?20+]30) N/CV = at (2m, 2m) r = ( 2i + 2j)

So, V= —ExT =—(i20 + 30J) (2] +2j) = —(2 x 20 + 2x 30) = — 100 V
E=ixAx=100 i

Tdv:—jExdf v:—lfmxxdx:—lflxloxxz '
\% 0 O2

P(10, 20)

*
O—V:—|:l><1000:|:—500:>V:500V0|'[S 20
2 M X
0
V(X, Y, z) = A(xy + yz + zx) 10—
Volt _ ML*T? -
aA)A= — = — =[MT I
@ m? ITL? [ ]
(b) E= _OVi_dvj_ovk __ i[A(xy+yz+zx)+i[A(xy+yz+zx)+i[A(xy+yz+zx)
ox Joy oz OX dy tv4

= —|(Ay + Az)T + (AX + Az)] + (Ay + Ax)lz] = -A(y+ z)T +A(X + z)] + Ay + x)lz

(c) A=10 Sl unit, r=(1m, 1m, 1m)

E=-10(2)i —10(2)] —10(2) k =—207 —20] —20 k = v20% +20% +20% = /1200 =34.64 = 35 N/C
0=0,=2x10°C

Each are brought from infinity to 10 cm a part d = 10 x 102 m

So work done = negative of work done. (Potential E)

10 9 ~10
PE= Jdes PE = kxdd2 - 9x107x4x10 7 _ 44

r 10x1072

(a) The angle between potential E df = dv
Change in potential = 10 V = dV
As E = Lr dV (As potential surface)
So, E dt = dV = E d¢ Cos(90° + 30°) = — dv ‘ / 1‘/2V30 /u/
= E(10x 107) cos 120° = — dV

e\ 10

E= = - =200 V/m making an angle 120° with y-axis
10 x1072Co0s120° 1071 x(-1/2) g g Y 30V
20v
(b) As Electric field intensity is Lr to Potential surface 10 @7
v J60

So,E:k—gr:k—q:k—q:mv q:E

r r r K 30V

20v

So,E= k_g = Gsz v.m = % v.m

r kxr r
Radius = r So, 2nr = Circumference
Charge density = A Total charge = 2nr x &
Electric potential = Kg_ 1 X 2mil. = r.

r 47'580 (X2 +r2)1/2 280()(2 +r2)l/2

So, Electric field = XCose
r

(r2 +x?)
_ r N 1
280(X2+r2)1/2 (X2 +r2)l/2
r X rAX

X =
280(X2+r2)l/2 (X2 +r2)l/2 280()(2 +r2)3/2
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Electric Field and Potential

64.

65.

66.

67.

68.

69.

E =1000 N/C

(@) V=E xdl= 1000 x—>— =20V
100

= 2cm

(b)u=? E =1000, =2/100 m ey l
gxE _ 1.6x107%° x1000
m  9.1x107%
0=u?-2x1.75x 10" x 0.02 = u® = 0.04 x 1.75 x 10 = u = 2.64 x 10° m/s.
(c) Now, U =u Cos 60° V=0 s=? u cos 60°
a=1.75 x 10* m/s? VZ=u?-2as .
T

=0.497 x 10 = 0.005 m = 0.50 cm

=1.75 x 10" m/s?

F
a= — =
m

607

2
) 2.64x10° x = "
_ (uCos60°f _ 2) _ 1.75x10

~ 2xa  2x1.75x10% 3.5x10M
E =2 N/C in x-direction
(a) Potential aat the originis O. dV =—-E,dx—-E,dy-E,dz
=>V-0=-2Xx=>V=-2x
(b)(25-0)=—-2x=x=-125m
(c) If potential at origin is 100 v, v—-100=-2x =V =-2x + 100 = 100 — 2x
(d) Potential at « IS 0, V-V ==2x=V'=V+2x=0+20 =V =w
Potential at origin is «. No, it is not practical to take potential at « to be zero.

Amount of work done is assembling the charges is equal to the net
potential energy 2x10° C

S0, P.E. = Uy + Ujg + Uyg

K K K K 10_10 10 cm 10cm
= Dz | B%s | R2Gs - BX2Y 14524 4x3+3x2]
EP) N3 M3 r 1 £60° 3
9 10 4x10°C 3x10°C
= W(mmm) =9x26=234J
10
K.C. decreases by 10 J.  Potential = 100 v to 200 v.
So, change in K.E = amount of work done
= 10J=(200-100) vx qp = 100 g, =10 Vv
10

:}qozﬁ =0.1C

9 -4
m=10g, F= Qo210 x2x10  _; 4,447
r 10x10
_7 (O 10cm > O
F:mxa:a:ﬂzl_gxuﬁm/sz 2x10"¢ 2x10™¢c
10x10°3

VZ—u?=2as = V2= u? + 2as

V=10+2x1.8x10"3x10x102 = v3.6x10* = 0.6 x 102 = 6 x 10~ m/s.
Q=9 =4x 107 s=1m, m=5g = 0.005 kg

9 -5)2
_ 9x10 x(fxlO ) 144N Ae —
1 +4x19

B
- 4x10°
1im >

2

_ v d
F=KL
r2

Now u =0, s=50cm=0.5m, a=2880m/s? V=?
V2=u®+2as = V*==2x2880x0.5

=V = /2880 = 53.66 m/s = 54 m/s for each particle
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Electric Field and Potential

70.

71.

72.

73.

74.

75.

E=25x104 P=34x10 t=PEsin®
=PxEx1=34%x10x25x10"=85x 10
(a) Dipolemoment = q x {

. e B
(Where g = magnitude of charge  { = Separation between the charges) —2x106cC L -2x107°
=2x10°x102cm=2x10%cm : em !
(b) We know, Electric field at an axial point of the dipole :
9 -8 p—ib o B
_ 2K3P _ 2x9x10 22><?iI_O =136 x 10" N/C :o
r (1x107°) +lom—
(c) We know, Electric field at a point on the perpendicular bisector about 1m ML 1¢m
away from centre of dipole. I
9 -8 Ae—L o B
:K_Ez 9x10 23><10 - 180 N/C o
r 1
Let—q & —q are placed at A & C A _q
Where 2q on B So length of A=d 50°
So the dipole moment = (q x d) = P g B 4
So, Resultant dipole moment 2‘(/(4 _q C
P=[(qd)? + (qd)? + 2qd x qd Cos 60°1¥% = [3 ¢?d]*?= V3 qd = V3 P
(8 P=2qga
(b) E; Sin ® =E;, sin 6 Electric field intensity Ee t .
=E,Cos0+E,Cos0=2E, Cos 0 0 ! Po— o
£ - _Kap £o 2KPQ a _ 2Kgxa T AT maT>
1 a2 +d? a2 +d2 (a2+d2)1/2 (a2+d2)3/2 E1 i
_ 2Kga _PK _ 1 P A\
Whena<<d —W—d—:g—%d—:,’ «—a— «—a— 4
Consider the rod to be a simple pendulum.
For simple pendulum T = 2r¢/g (L =length, g = acceleration) = r; E’
Now, force experienced by the charges q . q
< a >
F=Eq  Now, acceleration = F_Ea >
m m >
Hence length =a so, Time period = 2x a g
(Eq/m) Eq
64 grams of copper have 1 mole 6.4 grams of copper have 0.1 mole
1 mole = No atoms 0.1 mole = (no x 0.1) atoms
=6 x 10%° x 0.1 atoms = 6 x 10% atoms
1 atom contributes 1 electron 6 x 10?* atoms contributes 6 x 10°* electrons.
EN N
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CHAPTER - 30
GAUSS’S LAW

Given: E =3/5E; i +4/5E0 ]

Eo= 2.0 x 10° N/C The plane is parallel to yz-plane.

Hence only 3/5 E, i passes perpendicular to the plane whereas 4/5 E, ] goes
parallel. Area = 0.2m? (given)

S Flux= E+A =3/5x2 x10° x 0.2 = 2.4 x 10° Nm?/c = 240 Nm’/c
Given length of rod = edge of cube ={

Portion of rod inside the cube = {/2

Total charge = Q.

Linear charge density = A = Q/{ of rod. vz | w2
We know: Flux a charge enclosed.

Charge enclosed in the rod inside the cube.
=2 ¢ xQMH=Q/2 ¢

As the electric field is uniform.

Considering a perpendicular plane to it, we find that it is an equipotential surface. Hence
there is no net current flow on that surface. Thus, net charge in that region is zero.

YYVYYY

Given: E = %f {=2cm, a=1lcm.

Eo = 5 x 10° N/C. From fig. We see that flux passes mainly through surface
areas. ABDC & EFGH. As the AEFB & CHGD are paralled to the Flux. Againin  p
ABDC a = 0; hence the Flux only passes through the surface are EFGH.

E= EX3
3 3 3 3 -3
Flux = Eox x Area = 5x10 Xaxaz _ 5x10° xa _ 5x10 ><(0.201) —25x10~"
L l 2x10~

Flux = a S0, q = g X Flux

€0

=8.85x 10 x25x10"=2.2125x 102 ¢
According to Gauss’s Law Flux = 4
€0

Since the charge is placed at the centre of the cube. Hence the flux passing through the
six surfaces = Q. 6= Q
6gq &g

Given — A charge is placed o a plain surface with area = a°, about a/2 from its centre.

Assumption : let us assume that the given plain forms a surface of an imaginary cube. Then the charge
is found to be at the centre of the cube.

Hence flux through the surface = gxl - Q
gg 6  bg
Given: Magnitude of the two charges placed = 107"c.

We know: from Gauss’s law that the flux experienced by the sphere is only due to

the internal charge and not by the external one. Q
. -7
Now §E.ds Q-0 a0t Nmic R
gy  8.85x10~
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Gauss’s Law

10.

11.

We know: For a spherical surface
Flux = §I§.ds -9 [by Gauss law] 0
€
: _ _qg_1_ g '
Hence for a hemisphere = total surface area= —x— = —
gg 2 2

Given: Volume charge density = 2.0 x 10 ¢/m®

In order to find the electric field at a point 4cm = 4 x 10> m from the centre let us assume a concentric
spherical surface inside the sphere.

Now, §E.ds=i
€o
Butc:L3 so,q:<s><4/37rR3
4/37R
_ ox413x22/7x(4x107%)3 1
Hence = X 5.2
€9 4x22/7x(4x1079)
=2.0x10°1/3x4x 1072 x ;12 =3.0 x 10° N/C
8.85x10"

Charge present in a gold nucleus = 79 x 1.6 x 10 ¢c
Since the surface encloses all the charges we have:
q _79x1.6x107"

g  8.85x1071

q _ 79x1.6x107" y 1
€ods 8.85x10712  4x3.14x(7x107%)
= 2.3195131 x 10* N/C
(b) For the middle part of the radius. Now here r = 7/2 x 10™°m
Volume = 4/3 ¥ = ﬁx%x%

Charge enclosed = ¢ x volume [ € : volume charge density]

_ Netcharge _  7.9x1.6x107%%c

Net volume [%j xTx343x107%°

@) §E.d_s' -

. _ 2
5> [-.area =4nr]

x107%

But &

7.9x1.6x1071° 4 343

-19
Net charged enclosed = ><—rc><?><10’45 - 1.9x16x10 7

[fjx x 343107 8
3
Ege = 4 enclosed
€
-19 -19
S E-= 7.9%x1.6x10 _ 7.9%x1.6x10 =1.159 x 10%IN/C
8xgyxS

8x8.85x10° 1% x4nx *) x10°
Now, Volume charge density = 7 ((? )
3_.3
— XX\l =T
3 2 1

- 3Q

47 r23 - rl3

Again volume of sphere having radius x = %nx3
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Gauss’s Law

12.

13.

14.

Now charge enclosed by the sphere having radius

(4 3 4 3 Q _of -
X-(gﬁx _Enrl jx4 7 _Q[ T3

3 3 S —r
— Tl — —Ttl. 2 1
3 2 31t

Applying Gauss'’s law — Ex4my® = g enclosed
€0

3 3

e Q- 1 L Q [£-n
go -2 ) am?  Amegy®(n®-r?
Given: The sphere is uncharged metallic sphere.

Due to induction the charge induced at the inner surface = —Q, and that outer surface = +Q.
charge

(a) Hence the surface charge density at inner and outer surfaces = Fa
total surface area
Q Q -
=— and respectively.
4na’ 4na’
(b) Again if another charge ‘g’ is added to the surface. We have inner surface charge density = — 4Q o
na

because the added charge does not affect it.

q
na’?

On the other hand the external surface charge density = Q + 2 as the ‘q’ gets added up.

(c) For electric field let us assume an imaginary surface area inside the sphere at a distance ‘X’ from
centre. This is same in both the cases as the ‘q’ in ineffective.

Now, §E.ds=g SO,E:gx 1 Q

€g &g 4Anx® 4TC80X2

(a) Let the three orbits be considered as three concentric spheres A, B & C.
Now, Charge of ‘A’=4x 1.6 x 10° ¢

Charge of ‘B’ =2 x1.6 x 10 ¢

Chargeof ‘C'=2x 1.6 x 10 ° ¢

As the point ‘P’ is just inside 1s, so its distance from centre = 1.3 x 10™*' m

-19
Q _ 4x1.6x10 =34 x 1082 N/C

dregx®  4x3.14x8.85x10 2 x(1.3x10 )2

Electric field =

(b) For a point just inside the 2 s cloud
Total charge enclosed =4 x 1.6 x 10 —2x 1.6 x 10 =2 x 1.6 x 10
Hence, Electric filed,

2x1.6x107*°
4x3.14x8.85x1071? x(5.2x10711)?
Drawing an electric field around the line charge we find a cylinder of radius 4 x 107 m.
Given: A = linear charge density

E = =1.065 x 10" N/C = 1.1 x 10" N/C

Let the length be ¢ = 2 x 10°° c/m LD
| |
We know §E.d|:g:M | c I
€ €o : S :
t | B |
SEx2nrt=2 g=_* ! o
€ €g X 27f : I

v 4cm
For,r=2x10?m&xr=2x10"°c/m @

-6
E= 2x10 =8.99 x 10° N/C ~ 9 x10° N/C

© 8.85x1012x2x3.14x2x1072
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Gauss’s Law

15.

16.

17.

18.

19.

Given :
A=2x10"°c/m
For the previous problem.

E=

for a cylindrical electricfield.
€y 2nr

Now, For experienced by the electron due to the electric
force.

2 | weknow,m, = 9.1x1073%g,

filed in wire = centripetal

Eq=mv )
Vo =?, r=assumed radius
1 1mv?
= — = -
2 2
=SKE=12xExqxr= 1o X 16x10%=288x107" 4.
2 8027”‘

Given: Volume charge density = ¢
Let the height of cylinder be h.
- Charge QatP = ¢ x 4my” x h

For electric field §E.ds = g
€0
E- Q _ Q><4Ttx2><h _ZL
gg x ds ggx2xmxyxh €
§E.dA _Q
€0

Let the area be A.
Uniform change distribution density is

Q=CA
E= gdi:M:Q_X
€p 80><A €p

Q=-2.0x10"°C Surface charge density = 4 x 10° C/m?

We know E due to a charge conducting sheet = Zi
€9

Again Force of attraction between particle & plate

CEq= % xq- 4x10°x2x107° _ oo
2¢ 2x8x1072

Ball mass = 10g

Charge=4x10°¢c

Thread length = 10 cm

Now from the fig, T cos6 = mg

T sind = electric force

Electric force = 2cs_q (o surface charge density)
€0

T sin0 = G—q, T cos6 = mg
28,

Tan 6 = G_q
2mge,

o= 2Mgegtand _ 2x8.85x1072x10x10%x9.8x1.732
q 4x107°

C s/
C T /7 7
aF——-——-

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 X

=7.5x 10" C/m?

—_

7 7

O<x<d
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Gauss’s Law

20.

21.

22.

23.

(a) Tension in the string in Equilibrium

T cos 60° = mg
-3
__mg _ 10x107° x10 — 10 x2=020N
cos60° 1/2

(b) Straingtening the same figure.
Now the resultant for ‘R’
Induces the acceleration in the pendulum.

TZZXn\/g =2n f{gh[;ﬂm “2n | d - JZ 2

100+| 0.2x
2gqm { 2x1072
-2
= 2n ;1,2 =2n |1 =2x31416 x 1/& = 0.45 sec.
(100 +300) 20 20
s=2cm=2x107°m, u=0, a=? t=2us=2x10"s
Acceleration of the electron, s=(1/2) at®
-2
2x102=(1/2)xax (2x10°%? = a= % = a =10 m/s? |
4x10°
The electric field due to charge plate = el
€9
- G “«—2cm—»
Now, electric force = — x g = acceleration = —><i
€0 & Mg
Now 2 x4 = 10"
€0 me

s 10%%x gy xm, _ 10'x8.85x107? x9.1x10°%
q 1.6x107°

=50.334 x 10™* = 0.50334 x 10™* ¢/m’ -
-
— +
Given: Surface density = ¢ o+
(a) & (c) For any point to the left & right of the dual plater, the electric field is zero. I
As there are no electric flux outside the system. P
(b) For a test charge put in the middle. Z
H 60 -
It experiences a fore ;—qtowards the (-ve) plate. == > Eq 60
€0
\4 m 0
m
Hence net electric field ~| 29 4 °4 |_ 9 R
ql2ep 2¢5 ) &g Ea
(a) For the surface charge density of a single plate. 0

Let the surface charge density at both sides be ¢; & 6,
= Now, electric field at both ends. A
o oo - 01 g 02
28y  2g,
Y

x

Due to a net balanced electric field on the plate 1 g %2
28y 28,

.. 01 = 02 SO, q1 =02 = Q/2
.. Net surface charge density = Q/2A
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Gauss’s Law

24.

(b) Electric field to the left of the plates = 9
€0

Since 6 = Q/2A  Hence Electricfield = Q/2Ag, QR Q/2
This must be directed toward left as ‘X’ is the charged plate.

(c) & (d) Here in both the cases the charged plate ‘X' acts as the only source of

electric field, with (+ve) in the inner side and ‘Y’ attracts towards it with (-ve) he in

Q

)

its inner side. So for the middle portion E = towards right.

(d) Similarly for extreme right the outerside of the Y’ plate acts as positive and hence it repels to the

right with E = —2
2Ag,
Consider the Gaussian surface the induced charge be as shown in figure. +Q -2Q
The net field at P due to all the charges is Zero.
oo =2Q +9/2A g (left) +9/2A g, (left) + 9/2A g, (right) + Q — 9/2A ¢, (right) =0 A B
= -2Q+9-Q+9=0=>9=3/2Q
.. charge on the right side of right most plate c D
= 20+9=-20+32Q=-0/2 oo o L e

L G B N
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CHAPTER -31

CAPACITOR
Given that
Number of electron = 1 x 10*?
Net charge Q =1x10%x1.6x10"=1.6x10"C
.. The net potential difference = 10 L.
-7
. Capacitance —C = 3 = 16107 _ 4 54 10°F
v 10
A = nr® = 25 tem?
d=0.1cm
-12
o= goA _ 8.854x107°x25%3.14 _ 6.95 x 10°° yF.
d 0.1
Let the radius of the disc = R
~.Area = tR?
c=1f
D=1mm=10"m
.= 2A
d
-12 2 -3 12 9
1= 8.85x10 " x7r :>r2:10 x10 - 10 -59985m = 6 Km
1073 8.85x 7 27.784

A=25cm? =25x 10 cm?
d=1mm=0.01m
V=6V Q=2

_ g,A _ 8.854x10712x2.5x107°

d 0.01
-12 -3
Q=cv= 8.854><100 0>:I<-2.5><10 x 6=132810 x 107 C

W=QxV=132810x10"°x6=8x10"J.
Plate area A=25cm? =25x 10° m
Separatond=2mm=2x10"m
Potentialv=12 v

-12 -3
(@) We know C = 2oA - 8:85x1077x 23'5X10 =11.06 x10 " F
d 2x10~

c=9 o 1106x1012=9
\% 12

=g =132x10"°C.
(b) Then d = decreased to 1 mm
Ld=1mm=1x10"m
co foA _ 0 _ 885x10"x25x10° _ 2
d v 1x1073 12
= (,=8.85x25x12x 10 % =265x10"°C.
. The extra charge given to plate = (2.65 — 1.32) x 10° = 1.33 x 10 *° C.

Ci=2pF, C,=4uF,
Cs=6pF V=12V
cq=C;+C,+C3=2+4+6=12uF=12x10°F

g1 =12 x 2 =24 nC, 02 =12 x4 =48 nC, O3 =12x6=72nuC

5cm

. 0.1cm
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Capacitor

20 uF 30 uF 40 pF

V=12V

.. The equivalent capacity.
_ C,C,Csq _ 20x30x40 _ 24000
C,C;+C,C53+CC, 30x40+20x40+20x30 2600

(a) Let Equivalent charge at the capacitor = q

=9.23 F

:%:q:CXV:9.23x12:110uConeach.

As this is a series combination, the charge on each capacitor is same as the equivalent charge
which is 110 pC.
(b) Let the work done by the battery = W

.'.V:ﬂ:W:Vq:llOX12><1O’6:1.33x10’3J.
q

C, =8 uF, C,=4pF, Cs=4uF 8 uF
A
_ (G +C3)xC,y A
Ceq= ——F1——= B C
C,+C,+C4 12v) 4w | 1
8x8 T T T
X
= =4 pF
6 "
Since B & C are parallel & are in series with A
S0,q; =8x6=48uC g2=4%x6=24uC g3 =4x6=24uC
@)
Cl C1
| | I
A B
| | | — e
Cz CZ C2:6

.. Cq, Cy are series & C,, C, are series as the V is same at p & g. So no current pass through p & g.
1 1 1 1 1+1
J— _— = — =

cC C G, C CG,

C 4
Co= L =—-=2uF
T 2 p
Andcy= 2 = 8 =3 yF
2 2 c c
1 p 1
. C=Cp+Cyq=2+3=5pF — ——
(b) C1 =4 pF, C,=6uF,
c C
Incaseofp &q,q=0 2 2
P H
'C:&:i:ZHF A B
TP 2 2 ] —
_C2_6_ Cll R IC1
Cq-7—§-3HF — | |
&C'=2+3=5yF
C&C =5uF Cz C,
e e

.. The equation of capacitor C=C'+C"=5+5=10 uF
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Capacitor

10.

11.

12.

13.

14.

V=10v ASuE 6uf A
Ceq=C;+C, [. They are parallel] —
=5+6=11uF 10
g=CV=11x10110 uC
The capacitance of the outer sphere = 2.2 uF B6
C=22pF
Potential, V=10 v
Let the charge given to individual cylinder = q.
c=a
\%
=q=CV=22x10=22pF
.. The total charge given to the inner cylinder = 22 + 22 = 44 uF L]
=9 Nowv=1d
\% R

_ q _Ri_
So, C; = =71 =4 R
YT Ka/r,) kTR

Similarly ¢, = 4 negR;
The combination is necessarily parallel.
Hence Ceq = 4 nggRy +4 negR, = 4 meg(R1 + Ry)

C C C
-
A c C c B
|7 |7 ]
11 1T 1T
c cd
L 1
~C=2pF
.. In this system the capacitance are arranged in series. Then the capacitance is parallel to each other.
(a) .. The equation of capacitance in one row
C

C=—=
3

(b) and three capacitance of capacity % are connected in parallel

.. The equation of capacitance
C C C

C=—+—+—=C=2uF
3 3 3
As the volt capacitance on each row are same and the individual is
Total _ 60

= - =— =20V
No. of capacitance 3

Let there are ‘X’ no of capacitors in series ie in a row
So, x x 50 = 200
= X = 4 capacitors.
. . . 10

Effective capacitance in a row = 7
Now, let there are 'y’ such rows,

10
So, —xy=10

2 y

=y = 4 capacitor.
So, the combinations of four rows each of 4 capacitors.
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Capacitor

15. C

—— 4A< QL |
A
e B 3HF’V‘ uF 3uF D  6uF _‘

I 50
. 4x8 8
a) Capacitor = ==
(8) Cap 4+8 3"
and 6x3 =2 uF
6+3
(i) The charge on the capacitance % uF
8 400
= _— x50=—
Q 3 3
.. The potential at 4 uF = 400 = 100
3x4 3
atg = 490 _ 100
3x8 6
The Potential difference = 100 _100 = 50 uv
3 6 3
(ii) Hence the effective charge at 2 uF =50 x 2 = 100 pF
.. Potential at 3 puF = % ; Potential at 6 pF = %
..Difference = 100 100 _ 50 nv
3 6 3
. .50
.. The potential at C & D is 3 nv
P R_1_1 . . .
(b) .. —= s = 2 = = =ltis balanced. So from it is cleared that the wheat star bridge balanced. So
q

the potential at the point C & D are same. So no current flow through the point C & D. So if we connect
another capacitor at the point C & D the charge on the capacitor is zero.

16. Ceq betweena &b — CiCo/Ci+C,
C; C,
= &G e, SC2 al € T b a| ¢y b
Cl + CZ Cl + CZ J_ 1T J_ 1T
_ 2C,C, C: Ci \_‘ J
=Cs+ (.. The three are parallel) T T
Cl + CZ C,C,/C1+Cy

17. In the figure the three capacitors are arranged in parallel.

A
All have same surface area = a = 3

First capacitance C, = £A
3d
2" capacitance C, = e
3(b+d)
3" capacitance C; = __EBA d
3(2b+d)
Ceq=C;+C,+C3 o .

A
v
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Capacitor

18.

19.

20.

BoA  _EA L BA  _gAfl 1 1)
3d  3(b+d) 3(2b+d) 3 \d b+d 2b+d

@[(b+d)(2b+d)+(2b+d)d+(b+d)d]

3 d(b + d)(2b + d)
_ eoA(3d? + 6bd + 202)

3d(b + d)(2b +d)

-2 -1
(a)C= 260l _ ©x3.14x8.85x107x10 [In2 = 0.6932]
In(R, /R;) In2

=80.17 x 10 * = 8 PF
(b) Same as R,/R; will be same.
Given that
C =100 PF =100 x 10* F Cqq=20PF=20x 10 F
V=24V q=24x100x10"%=24x10"°
gx=7?

Let q; = The new charge 100 PF  V; = The Voltage.
Let the new potential is Vy
After the flow of charge, potential is same in the two capacitor

V.= q_2 = i
C, G
=4-% - %
CZ C1

_ 24x107%_q, _ o,

24x1072 100 x10712
=24 x 10’1°—q1:%

=69, = 120 x 107*°

=q.= % x107°=20x 107

-10
vy G 2010 _ogy

C, 100x107?

| |
Al |
Initially when ‘s’ is not connected,
Cet = %q = %xso = gxlo—“ =1.66x 10" C

After the switch is made on,

Then Ce = 2C =107

Q=10°x50=5x 10"

Now, the initial charge will remain stored in the stored in the short capacitor
Hence net charge flowing

=5x10"-166%x10"=33x10"C.

31.5



Capacitor

21.

22.

0.04pF__P

0.04 uF

Given that mass of particle m = 10 mg

Charge 1 =-0.01 uC

A =100 cm? Let potential = V

The Equation capacitance C = 0—2?4 =0.02 uF

The particle may be in equilibrium, so that the wt. of the particle acting down ward, must be balanced by
the electric force acting up ward.

.. gE = Mg
Electric force = gE = q% where V — Potential, d — separation of both the plates.

g Ve c= A g = EoA
€A q C

qE =mg

_ QvC _

= vy =

_0.01x0.02xV
8.85x10 % x100

_ 0.1x980x8.85x1071°

- 0.0002

Let mass of electron = p

Charge electron = e

We know, ‘q’

For a charged particle to be projected in side to plates of a parallel plate capacitor with electric field E,

_ IgE mz a
y=5-17 A
2m \ p
where y — Vertical distance covered or me Idl

X — Horizontal distance covered

mg

=0.1x980

=V =0.00043 = 43 MV

p — Initial velocity B
From the given data, Idz
dy \4 qd, q

y= , E=—= "2 = , X=a, w="? —Ii
2 R 808.2 X dl 808.2 b
For capacitor A —

2
Vl = i = qdlz as Cl = _Soa
C, gpa d1

Here g = chare on capacitor.

2

g = C x V where C = Equivalent capacitance of the total arrangement = dsoad
1+ 03
2
So, q= €8 v
d,+d,
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Capacitor

23.

24.

25.

2
Hence E = q2: €0l ><V2: v
€l (dy +dy)eoa (d; +dy)
2
Substituting the data in the known equation, we get, 94 = l><&><a—
2 2 (dy+dy)m  y?
1/2
2 Vea? _ Vea?
s ——— = u= | ———
d;m(d; +d,) d,m(d; +d,)
2
The acceleration of electron a. = geme + ‘,_Cm > | -
Me + qe -
qpe * e—X er -
The acceleration of proton = — =ap + _
Mp +| | PE %
G E| | -
1 + —E —
The distance travelled by proton X = 2 apt’ ..(1)
The distance travelled by electron ..(2)
From (1) and (2) = 2 - X = %act2 X = %act2
a M
-~ X % _\Tr
2-x a, aQ.F
IV|C
-31
= X M 9107 91, 104 25449 x 10%
2-x M, 1.67x107% 167
= x=10.898 x 107* - 5.449 x 10™*x
-4
= 10898x10 " _ 5 191089226
1.0005449
@) 1uF 3uF N .
T —
A _|_5 uF B A B
1 | |
| 11 —
2 uF 6 uF 2 6
As the bridge in balanced there is no current through the 5 uF capacitor ! ”F\/\/ 3k
So, it reduces to 1
similar in the case of (b) & (c) O HF
as ‘b’ can also be written as.
2 uF /\/\ 6 uF
1x3 2x6 3 12 _ 6+12 = 2.5 uF

Ceq= —+—- = —+— =
1+3 2+6 48 8 8

(a) By loop method application in the closed circuit ABCabDA

2 uF
12+ 22,9, Qo (D) B 2w ¢ AW a
2uF  2uF  4pF of ' Q—t'll J_
In the close circuit ABCDA 4 uF
Q Q+Q | - T(Q_qu? T4“F
12+ <4 =TX1 -9 () A D 11 b
2uF  4pF
From (1) and (2) 2Q + 3Q; =48 ..(3)

And 3Q — g; = 48 and subtracting Q = 4Q, and substitution in equation
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Capacitor

26.

2Q+3Q1:48:>8Q1+3Q1:48:>11Q1:48,q1:%

Vab= —=~— = —— = —

(b) 12V 12V

AN e
A Q

24V

The potential =24 — 12 =12

(2x0+12x4) _ 48 _ g,
2+4 6

Potential difference V =

. The Va — Vb——8V
' Right
(c) o R

A B
a
2 pF ;I_ 2 uF
F I E D

From the figure it is cleared that the left and right branch are symmetry and reversed, so the current go
towards BE from BAFEB same as the current from EDCBE.

~.The netcharge Q=0 V=== —=-= ~Vab=0
cC C
.. The potential at K is zero.
(d) 6V 4
uF
/
12V 2 uF
a | | | | b
\ 24V 1 puF
The net potential = Netcha.rge 24 +24+24 = -2 10.3V
Netcapacitance 7 7
~Va-Vb=-103V
(@) 3/8
P 'N
(_ | 3 uF
12/8
o——— 4 uF °
4/8 3/8 358
| | | | 1L 1 T
1T 11 1T
3uF 1uF 4/8 _
_ 12/8 _ o ap —
‘: : — — —
By star Delta conversion — —
3uF 1pF
1 3 — =
3+ x| =+1 3 uF 1uF
_3 2 2 3 3 _9+35 _ 11
Cei=—+|—<—— <L | = —+— = — = — pF
8 24 24 6

=
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(b)

by star Delta convensor

3/8 uf
3I/8 iuf I I
12/8
48 ut 1/2 pf 3/2 pf
o—— r——o L ad
4/8 uf - 2 pf 2 pf
12/8 uf
| |
1T 3/2 pf 1/2 pf
38 uf { |
3/8 uf
3/8 uf
|
1
— —Hr \
— 3 16 3 11
= =+ = =
, 8 8 8 4
1
3/8 uf
2 uF 4 uF 43 uF
Cc
© 3

—e
|} | |
4uF 4 uF
Cef:i+§+4 =8 uF
3 3
@ Zuf uf quf 4
1T 1T LI | 1T
prJ_
N +— | | — |
4 uf J_ 8 uf — 4 uf 8 pf
*r— 6},lf ————e _ o— °
(T T h
6 pf
] 1 T 1 1L ] 1
LI [ L 11
2 pf 4 uf 2 pf 4 pf
8/|6%lf
1T
| |
[ 32/12 uf
- ——— o
e 32/12 uf
{ |
1 Cef = §+2+2+§ = 16+32 :8uf
8/6 uf 8 12 12 6 6
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Capacitor

28.

29.

BT T,
= Cs and C; are in series
2x2 _

4T 242
Thisis parallelto Cg=1+1=2
2x2 -1
2+2
Which is paralleltoC;=1+1=2
2x2 —1

+2
Which is parallelto Cg=1+1=2
2x2 _
2+2

A.TTHT'TH— ------- AIuT_|—||—_|_2;::f Fig — I

el T T T e R .

Let the equivalent capacitance be C. Since it is an infinite series. So, there will be negligible change if
the arrangement is done an in Fig — 1T

= 2xC +1=C= 2C+2+C

2+C 2+C

=(2+C)xC=3C+2
=C’-C-2=0
=(C-2)(C+1)=0
C = -1 (Impossible)
So,C=2uF

Which is series to C, =

Which is series to C5 =

This is series to C, =

f

A fail‘”uT:»—Lc — in—“[

B Touf Touw Tou T

= C and 4 uf are in series
So, C, = 4xC
4+C

Then C; and 2 uf are parallel
C=Cy+2uf

4xC 4C+8+2C _
= +2 = =

4+C 4+C
=4C+8+2C=4C+C*=C*-2C-8=0
2+4+4x1x8 _ 2++36 _ 2+6

2 2 2

2+6
C="—"—"=4,f
2 u

C=

.. The value of C is 4 pf
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Capacitor

30.

31.

32.

33.

34.

35.

g =+2.0x10%¢ . =-1.0x107°¢c
C=12x10°pF=12x10"°F

_ -8
net g = -9, _ 3.0x10

2 2

-8
v=9_3107 1 ~=125V
c 2 1.2x10"

.. Given that

Capacitance = 10 uF
Charge = 20 uc

. The effective charge = 20-0 _ 10 uF +i-o
2 + | +
10 +1+
c=d 5 v=9-2 -1y
Vv Cc 10

g:=1pC=1x10°C C=01puF=1x10"F
,=2puC=2x10°C

_ _ -6
netq= -G _ (1-2)x10 =-05x10°C
2 2
-7
Potential 'V’ = a.- & =-5V
c -5x1077

But potential can never be (-)ve. So, V=5V
Here three capacitors are formed

And each of
A= 2,107 tm,
€9
- - + + +
d=4mm=4x10"m o + +
..Capacitance of a capacitor N I ¥ ¥
- + + +
96x1072 R M M
A g -+ + +
C= A _ & =24x10°F.
d 4x1073 | |
.. As three capacitor are arranged is series
-9
So,Ceq:E = % :8X10’9

~. The total charge to a capacitor =8 x 10°x 10 =8 x 10° ¢
. The charge of a single Plate =2 x 8 x 10 =16 x 10 = 0.16 x 10™° = 0.16 pc.
(a) When charge of 1 uc is introduced to the B plate, we also get 0.5 uc

charge on the upper surface of Plate ‘A’. A 05uC
(b) Given C =50 uF =50 x 10° F=5x 10° F —05.C
6 +++++FF+F

Now charge =0.5x 107 C B -—

7 fTt+++++++  L0OpC
v=d = 20 E <10y c—]

C 5x10°°F
Here given, 1uC 0.5 uC
Capacitance of each capacitor, C = 50 uf = 0.05 pf 05 .C
Charge Q = 1 uF which is given to upper plate = 0.5 pc charge appear on outer 0.5 uC
and inner side of upper plate and 0.5 uc of charge also see on the middle.
(a) Charge of each plate = 0.5 pc g-g ”g
Capacitance = 0.5 pf |:H|
0.5uC
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Capacitor

36.

37.

38.

39.

sc=3 y=9_-22 _q9y
v C 005

(b) The charge on lower plate also = 0.5 uc
Capacitance = 0.5 pF

nc=9 y=9_-05_45y
v C 0.05
.. The potential in 10 V
C,=20PF=20x 10 F, C,=50PF=50x10"F
-11 -11
Effective C = — 102 = 2x10° x5x10°~ _, jog, 11

C,;+C, 2x10*+5x10™H
Charge ‘q'= 1.428 x 10" x 6 =8.568 x 10 C
8.568 x1071!

_ 9 _ _
Vi=— = ——— " =4284V
'Tc, 2x10°1
-11
szi _ 8.568><1(1)1 171V
C2 5x10™

Energy stored in each capacitor

E; = (1/2) CVi° = (1/2) x 2 x 107 x (4.284)* = 18.35 x 10" = 184 PJ
E, = (1/2) CoV,° = (1/2) x 5 x 107 x (1.71)° = 7.35 x 10 = 73.5 PJ
..Cy =4 uF, C, =6 uF, V=20V

Eq. capacitor Ceq= ——=— = —— =24 4 uf

~.The Eq Capacitance Cgq = 2.5 uF
.. The energy supplied by the battery to each plate

E = (1/2) CV? = (1/2) x 2.4 x 20% = 480 nJ

.. The energy supplies by the battery to capacitor = 2 x 480 = 960 uJ
C=10puF=10x10°F

Fora&d

q=4x10"C a

c=10"°F c c

2 -4
Ezzq_zgﬁﬂ)izgxm—n:m

2¢c 107°
Forb&c

cd

q=4x10"¢c 100 V

Ceq=2c=2x10"F
v o Ax 107

2x107°
E=(1/2) cv’= (1/2) x 10°x (20)°=2x 10°J=2mJ
Stored energy of capacitor C; =4.0J

=20V

When then connected, the charge shared

1o’ _1a” _ o .
2 C2 - 2 C2 = ql q2
So that the energy should divided.

.. The total energy stored in the two capacitors each is 2 J.
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Capacitor

40.

41.

42.

43.

44,

Initial charge stored =C xV=12x2x 10°=24x 10°¢

Let the charges on 2 & 4 capacitors be q; & g, respectively
-4 _ 9 9 _ 9 _

There, V = . c. >y =02=20; .

orqi+q, =24x10°C

=0, =8x107° puc

0:=20:=2x8x10°=16 x 10° pc

2
Ey = (1/2) x Cq x V4 = (1/2) x 2 x (g} =16 pJ

2
E2 = (1/2) X C2 X V22 = (1/2) X 4 x (%) =8 HJ
Charge = Q
Radius of sphere = R
.. Capacitance of the sphere = C = 4nggR
2 2 2
Energy = EQ_ = 1 Q = Q
2 C 2 4nggR  8megR

Q=CV=4ngR x V

E= %% [. °C’ in a spherical shell = 4 ngR]
E= %167[282::522; s meoRV* [‘C’ of bigger shell = 4 neoR]
6=1x10"¢/m’
a=lcm=1x10?m a’=10"°m
16° _ 1 (1x10%)* _ 10*

The energy stored in the plane = = =564.97

2e 2885x102 17.7

The necessary electro static energy stored in a cubical volume of edge 1 cm infront of the plane

_ 1(52 3 _ -6 _ —4
=—-—a’ =265x10"=565x10"J
2 g

area=a=20cm’=2x10°m’
d = separation =1 mm = 103 m

-3 -3
Ci:80><2><310 = 2¢, cf= ao><2><12 .

10~ 2x10-
0i=24 ¢ af =12 g So, q flown out 12 ¢,. ie, q; — gy.

(@) So0,q=12x8.85x10"%=106.2x 10 C=1.06 x10™°C

(b) Energy absorbed by battery during the process
=qxv=1.06x10"°Cx12=127x107°J

(c) Before the process
E=(1/2) x CixVv'=(1/2) x 2x8.85x 102 x 144 =12.7 x 10°° J
After the force
E = (1/2) x Cf x v* = (1/2) x 8.85 x 107? x 144 = 6.35 x 10 J

(d) Workdone = Force x Distance

2 -3
:iq—:1><103 :1X12><12><80><80><10
2 gA 2 ggx2x1073
(e) From (c) and (d) we have calculated, the energy loss by the separation of plates is equal to the
work done by the man on plate. Hence no heat is produced in transformer.
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Capacitor

45.

46.

47.

(a) Before reconnection
C =100 pf V=24V
g = CV = 2400 puc (Before reconnection)
After connection

When C = 100 pf V=12V
g = CV = 1200 uc (After connection)
(b) C =100, V=12V

.. g=CV=1200v
(c) We know V = w
q

W =vg =12 x 1200 = 14400 J = 14.4 mJ
The work done on the battery.
(d) Initial electrostatic field energy Ui = (1/2) CV,?
Final Electrostatic field energy Uf = (1/2) CV,°
..Decrease in Electrostatic
Field energy = (1/2) CV,* — (1/2) CV,*
= (1/2) C(V4% - V,9) = (1/2) x 100(576 —144) = 21600J
.. Energy = 21600 j=21.6 mJ
(e)After reconnection
C =100 pc, V=12v
. The energy appeared = (1/2) CV? = (1/2) x 100 x 144 = 7200 J = 7.2 mJ
This amount of energy is developed as heat when the charge flow through the capacitor.

(a) Since the switch was open for a long time, hence the charge flown must be due to the both, when
the switch is closed.

Cef=CJ/2
ExC

Soq=

2
(b) Workdone =qxv = %XE - EC
C _ E®C
2 4
. E*C
Ef:(l/Z)xCxE = T

E - Ei= ﬁ
4

(d) The net charge in the energy is wasted as heat.
Cy =5 pf V=24V
g: =C1V1=5x%x24 =120 pc
and C, = 6 pf V,=R
02 =CV,=6x12=72
.. Energy stored on first capacitor

2 2
E= i -1 (@207 4 i05=1.44m)
2¢c, 2 2

Energy stored on 2" capacitor
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Capacitor

(b) C1V, C,V,
Let the effective potential = V S5uf24v 6uf12v
ve CVi-CoV, _120-72 _ o H = =
C,+C, 5+6

The new charge C;V =5 x 4.36 =21.8 uc
and C,V =6 x 4.36 = 26.2 uc
(c) U; = (1/2) CV?
U, = (1/2) C,V?
Us = (1/2) V2 (C1 + Cp) = (1/2) (4.36)* (5 + 6) = 104.5 x 10° J = 0.1045 mJ
But U;=1.44 + 0.433 =1.873
.. Theloss in KE = 1.873 - 0.1045=1.7687 = 1.77 mJ
48. = =

0 (i

When the capacitor is connected to the battery, a charge Q = CE appears on one plate and —Q on
the other. When the polarity is reversed, a charge —Q appears on the first plate and +Q on the
second. A charge 2Q, therefore passes through the battery from the negative to the positive
terminal.

The battery does a work.
W = Q x E = 2QE = 2CE?
In this process. The energy stored in the capacitor is the same in the two cases. Thus the workdone
by battery appears as heat in the connecting wires. The heat produced is therefore,
2CE°=2x5x10°x144=144x 10°J=1.44mJ [have C=5pf V=E=12V]
49. A=20cmx20cm=4x10"m
d=1m=1x10"m

k=4 t=d
_ ggA  _ geA  _ gAk
C= t - d - d 20 cm
d-t+— d-d+—
k k
-12 -2 1 mm
- 8:85x10 " x 4: 10 “x4 _ 1416x10°F = 1.42 nf e
1x10~
50. Dielectric const. =4
F = 1.42 nf, V=6V

Charge supplied=q=CV=142x10°x6=852x10°C
Charge Induced = q(1 — 1/k) = 8.52 x 107° x (1 — 0.25) = 6.39 x 10° = 6.4 nc
8.52uc

Net charge appearing on one coated surface = =2.13nc
51. Here

Plate area = 100 cm” = 10° m’ )

. _3 A =100cm
Separationd =.5cm=5x 10" m 7
Thickness of metal t = .4 cm =4 x 10> m d=05cm t=0.4cm

A . -12 -2
C= ggA  _ gA _ 8.585x10 ><_§0 - 88 pF 3
d—t+£ d-t (5-4)x10 —

Here the capacitance is independent of the position of metal. At any position the net separation is d —t.
As d is the separation and t is the thickness.
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Capacitor

52.

53.

54.

55.

Initial charge stored = 50 uc

Let the dielectric constant of the material induced be ‘k’.
Now, when the extra charge flown through battery is 100.
So, net charge stored in capacitor = 150 uc

NowClz% or%:% ..(1)

’ 92 _ 20AK (2

goAK or
d \ d

Deviding (1) and (2) we get 3_1 :%

2

C2:

50 1

150 k
C =5 pf V=6V d=2mm=2x10°m.
(a) the charge on the +ve plate

g=CV=5ufx6V=30uc

=k=3

(©)d=2x10"m
t=1x10"m
-12 4
8.85xAx10"? o _ 10
2x1073 8.85

szorCz% —~5x10°%=
When the dielectric placed on it

4
8.85x1071? x 10

goA 10712 x10% x5

50 pc

T

C,= = 8.85 _ = gxlo*" = 0.00000833 = 8.33 uF.

d—t+£ 10*34_& 6x107°
(d)C=5x10"f. V=6V

~ Q=CV=3x10"f=30 pf

C'=83x10°f

V=6V

L Q =CV=83x10"°x6=50uF

.. charge flown = Q' - Q =20 uF

C1(:2

Let the capacitances be C; & C, net capacitance ‘C' = ——=—
C,+C, 1cm

2
+

goAky C,= goAk,

Now C, =
d; d, C:

soAk; oAk, e A[klkzj

co G d, d,d, 8.85x107* x107% x 24

«Pp—O—

BoRky | BoAKy A[kld2+k2dl] 6x4x107° +4x6x107°
d, d, 0 d,d,

=4.425 x 107" C = 44.25 pc.

A=400cm? =4 x 102 m?

d=1cm=1x103m

V =160 V

t=05=5x10"m

k=5
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Capacitor

co_fA _ 885 x102x4x102 _ 35.4x107*
- t 2 T a3
dt+l 10 5,104, 5%10 10°-05
k 5
56. (a) Area=A
Separation = d

C, = g0AK, C,= g0AK, Ky
d/2 d/2
K
2e0Ak,  2g0Ak, (269A)?k k5 ’
C= CC, _ d ) d _ d? _ 2kikpgpA
C,+C,  2g9Ak;  2gpAk, kKid+kp,d  d(k, +k,)
+ (2eqA)—F——==
d d d?
(b) similarly
11,101 1 11
C C, C, C4 3ggAk;  3gpAk,  3gpAkg
d d d
_ d i+i+i _ d | koks +kiks +kqk,
= 3eoAk K,k
B d(kk, +koks +kqks)
(c)C=C;+C,
A A
go 5 Ki g kp
_ 2 2 _ &A
= + = —(k, +k
d d 2d ( 1 2)
57. dx
| Je—
Al ]
d kid E/(lc// d —x tang
//e// E de; ko X tand
| ]
B<— X —

Consider an elemental capacitor of with dx our at a distance X’ from one end. It is constituted of two
capacitor elements of dielectric constants k; and k, with plate separation xtan¢ and d —xtan¢
respectively in series

1 1 1  xtang +d—xtan¢
dcR dc; dc, goky(bdx) ggk(bdx)
_ gobdx
deR = xtan¢  (d-xtan¢)
k2 k1
dx

or Cg = gobksk
R Gd (kg —ky)xtand

_ ggbk Kk,
tan ¢(k; —k3)

_ gobkqk,
tan ¢(k; —k5)

[logekod+ (ki —k7) x tandla
[logekod+ (k; —k5) a tand — loge kod]

.'.ta\nd>:9 andA=axa
a

31.17



Capacitor

gt [mfy]
Z(k, —k 2
a( 1 2)
2
G, = Z0a’kky 10g, ( Ky J
d(k; —k5) ka
Gz eod’kky Ky
d(k; —k3) ka

58. /s
v‘ ‘ c 1c
LT T

I Initially when switch ‘s’ is closed
Total Initial Energy = (1/2) CV? + (1/2) CV? = CV? (1)

Il. When switch is open the capacitance in each of capacitors varies, hence the energy also varies.
i.e. in case of ‘B’, the charge remains

Same i.e. cv
Ceif = 3C
2 2,2 2
E: lxq_:lxcv :l
2 C 3c 6
In case of ‘A’
Cef = 3C
E= 1><Ceffv2 = Ligexvi= 3o
2 2 2

2 2 2
Total final energy = % L sovt _ 10cv®

2 6
Initial Energy _ cv? 3
" Final Energy  10cv2
6
59. Before inserting
C:SOAC Q:aOAVC
d d + _
After inserting
_ goA _ gAk _ gyAk + K -
=20 = = \%
q . Qu= -2
K +
The charge flown through the power supply
Q=Q:-Q
_ goAkV _gAV _ gAV (k-1)
d d d
Workdone = Charge in emf
2 A2y/2
g ATV g2
G R A .\ k=1
2C 2 % (k-1) 2d
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Capacitor

60.

61.

62.

63.

Capacitance = 100 uF = 10 F

Pd=30V

(@g=CV=10"x50=5x10"¢c=5mc
Dielectric constant = 2.5

(b)) NewC=C'=25xC=25x10"F

[..’q’ remains same after disconnection of battery]

(c) Inthe absence of the dielectric slab, the charge that must have produced
CxV=10"%x20=2x10%c=2mc

(d) Charge induced at a surface of the dielectric slab
=q (1 -1/k) (where k = dielectric constant, q = charge of plate)

=5x10° [1—2—1L:)J:5><103xg:3><103:3mc.

Here we should consider a capacitor cac and cabc in series

Cac = 4nggack
k(c-a)

Cbc — 47t80bC e‘
(b-c)

i 1,1

C Cac Cbc

(c-a) . (b-c) _ b(c—a)+ka(b-c)

- 4negack  4mgybc - kdnegabe
c 4neggkabc Q ‘

" ka(b-c)+b(c -a)
These three metallic hollow spheres form two spherical capacitors, which are connected in series.
Solving them individually, for (1) and (2)

C.= Areoab (.. for a spherical capacitor formed by two spheres of radii R, > R; )
C-= 47'[80R2Rl

R, -R;
Similarly for (2) and (3)
C2 — 4T1780bC

c-b
(4ng,)?ab’c
Co. = C,C, (b-a)(c—a)
T c+C, ab(c —b) +bc(b —a)
47[80
(b—a)(c —b)
_ 4Ttsoab20 _ 47tsoab2C _ 4ngpac
abc —ab? +b%c—abc  b?(c-a) c-a

Here we should consider two spherical capacitor of capacitance
cab and chc in series
47'[80abk Cbc — 4Tt80bC

(b-a) (c-h)

Cab =
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Capacitor

64.

65.

66.

c(b-a)+ka(c-b)

1_1 1 _ (b-a  (c-b) _
C Cab Cbc 4mgpabk 4ngybc
_ 4negkabce
c(b-a)+ka(c-hb)
Q=12 puc
V=1200V
Vo _gx106 Y
d m
d= Y = 1200 _ 0% m
(v/id) 3x10°®
6
e Q_12x10° _
\Y 1200
.c= BA _qp8g
d
_108%xd _ 10®x4x10™
=A= =
€o 8.854x10°*

A=100cm? =102 m?
d=1cm=107%m
V=24V,

0.45m

A _ 885x107*x1072

kdngyabc

2

.. The capacitance C = SOT

1

I']

K

i o~

”

We knows

In this particular case the electricfield attracts the dielectric into the capacitor with a force

Where b — Width of plates
k — Dielectric constant

1072
. The energy stored C; = (1/2) CV? = (1/2) x 107*? x (24)* = 2548.8 x 107"

[™]

d — Separation between plates

V = E = Potential difference.
Hence in this case the surfaces are frictionless, this force is counteracted by the weight.

2 p—
So, gobE"(k-1) _ Mg
2d
2 p—
~ M= ggbE“(k-1)
2dg

=8.85 x 107

gobV3(k 1)

2d
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Capacitor

67. —_— e
_ K1 K2 T
1 [ ]
—n— _n_l—

(a) Consider the left side
The plate area of the part with the dielectric is by its capacitance
_ kyggbx ggb(Ly —X)

Cs r

and with out dielectric C, =
These are connected in parallel
C=C,+C,= %{Lﬁx(kl—l)]

Let the potential V;

2
U=@2)cvit = B0y e xk-0] )

Suppose dielectric slab is attracted by electric field and an external force F consider the part dx
which makes inside further, As the potential difference remains constant at V.

The charge supply, dqg = (dc) v to the capacitor

The work done by the battery is dwy, = v.dq = (dc) v*

The external force F does a work dw, = (—f.dx)

during a small displacement

The total work done in the capacitor is dwy, + dw, = (dc) v* — fdx
This should be equal to the increase dv in the stored energy.
Thus (1/2) (dk)v? = (dc) v* — fdx

_ 1 ,dc

"2 &

from equation (1)

f

gobv?
2d

2 Fx2d Fx2d
= V]_ == Vl = [—
gob(k; —1) gob(ky —1)
For the right side, V, = _Fxad
gob(k, —1)
Fx2d
Vi _ Veob(ki -0

F=

(ki -1)

V, Fx2d
gob(k, -1
V, k-1

k, -1

Jko -1

.. The ratio of the emf of the left battery to the right battery =
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Capacitor

68. Capacitance of the portion with dielectrics,

Cl = k8—0A B —
(«d
Capacitance of the portion without dielectrics, 1 ]
go(l—a)A
C,= Lo\r T A 1
? d ET K
". Net capacitance C=C; +C;, = £A [ka+ = a)]
a TP — —
—>

= EA _
c=-1 [0 +ak -]

Consider the motion of dielectric in the capacitor.

Let it further move a distance dx, which causes an increase of capacitance by dc
~.dQ=(dc) E

The work done by the battery dw = Vdg = E (dc) E = E® dc

Let force acting on it be f

.. Work done by the force during the displacement, dx = fdx

.. Increase in energy stored in the capacitor

= (1/2) (dc) E? = (dc) E? — fdx

1 E?dc
S a

= fdx = (1/2) (dc) E> = f =
dx

C= %[£+a(k—l)] (here x = a)

dc _ -d
da da

?—dA {0 +a(k - 1)}}

= ﬁ(k_l) = d_C
/d dx

gz lgede _ 1.0 M(k—l)
2 dx 2 (d

1 _ E%AK-1)
m 2/dm

_ \/ 2(0-a) _ [2(t-a)2(dm _ [ 4med(¢ —a)
=>t= = =
ay E%g,A(k —1) eoAE?(k - 1)

.. Time period = 2t = w
egAE“(k-1)

1
coag = L (l—-a)= —agt
’ (t-a)= ay

Fooohohohh
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ELECTRIC CURRENT IN CONDUCTORS

CHAPTER - 32

Q(t) = AP + Bt +c¢
a) Af=Q

:A:tgz:AT_I =ATH
b) Bt=Q

DBZQZEZA

t T

c) C=[Ql

= C=AT

d) Currentt= aQ _ i(At2 +Bt+ C)
dt dt
=2At+B=2x5x5+3=53A.
No. of electrons per second = 2 x 10'® electrons / sec.
0 coulomb
sec

Charge passing per second =2 x 10" x 1.6 x 1

=3.2 x 10° Coulomb/sec
Current = 3.2 x 10 A.
i"=2pA, t=5min =5 x 60 sec.
q=it=2x10°x5x60
=10x60x10°c=6x10"¢c
izig+at,t=10sec, ip =10 A, o = 4 Alsec.
t t t t
q= jidt - I(i0 +at)dt = Jiodt +jatdt
0 0 0 0

2
= ot + a%=10x10+4><10><10

=100 + 200 = 300 C.
iZ1A,A=1mm*=1x10°m?
f cu = 9000 kg/m®
Molecular mass has Ny atoms
=m Kg has (No/M x m) atoms = —NOAIQOOOg
63.5x10"
No.of atoms = No.of electrons
n= No.of electrons _ Ny Af _ Nof

Unit volume mAl M

_ 6x10%% %9000
63.5x107°
i=VgnAe.
i 1
=>Vyg= —=

63.5x107°

_ 63.5x107° _ 63.5x107°
6x10%° x9000x10° 8 x1.6x107° 6x9x1.6x10%° x107° x107®

x107% x1.6x107%°
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10.

_ 635x10°  635x107°

" 6x9x1.6x10 6x9x16
=0.074 x 107 m/s = 0.074 mm/s.
/=1m,r=01mm=0.1x10"m
R=1000Q,f="?

=R=f//a
Ra 100x3.14x0.1x0.1x107°
=f=—=
l 1
=3.14x10° =1 x 10°Q-m.
0'=2¢
volume of the wire remains constant.
Al =A 71’
= Al =A"x2/
= A'=A/2
f = Specific resistance
R = f_f R = fi
A A’
1000= 122 _yp
Al2 A

= 4 x 100 Q =400 Q
(=4m A=1mm?=1x10"°m?
I=2A,n/V=10%t="?
i=nAVye
= e=10x1x10°%xVyx 1.6 x 107"
~ 2
T 10®x10°x1.6x107%°
_ 1

" 0.8x10° 8000
_ 0 4
TV, 1/8000
= 32000 = 3.2 x 10" sec.
fu=17x10°0Q-m
A=0.01 mm®=0.01 x 10° m?
R=1KQ=10°Q

= Vy

=4 %8000

R = f_[
a
-8
10° = 17><106 x
10~
3
= 1239 _058x10°m=0.6km.
1.7
. . fdx
dR, due to the small strip dx at a distanc xd =R = —- ..(1)
Ty
tane: y—_a:E
X L
y-a b-a
X L

= Lly—a)=x(b-a)
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11.

12.

13.

14.

= Ly—-La=xb-xa

= Ld—y— 0=b-a (diff. w.r.t. x)
dx

= Ld—y =b-a
dx
= dx = Ldy ...(2)
b-a
Putting the value of dx in equation (1)
fLdy
ny?(b—a)
fl dy
n(b—a) y?

R b
= J.dRz f Jd—g
: n(b—a) 2y
fl (b-a) Al
" n(b-a) ab nab’
r=0.1mm=10"m
R=1KQ=10°Q,V=20V
a) No.of electrons transferred
i= Y _20 _0x10%=2x102%A
R 10°
g=it=2x102?x1=2x107°C.
2x107%  2x107Y
1.6x10° 1.6

= dR =

No. of electrons transferred =

b) Current density of wire

; -2
| _2x10% 2 o

A 7'c><10_8 3.14

0.6369 x 10™® = 6.37 x 10° A/Im>.
A=2x10°m%I=1A

f=1.7x10%Q-m

E="
R= [ _L17x10°x/
A 2x107°
-8
V=IR= 1><1.7><106 x
2x10"
-8
E:d_V:X:1.7><10 X€=£x10‘2V/m
dL | 2x107%¢ 2
=8.5 mV/m.

I=2m,R=5Q,i=10A,E="
V=IR=10x5=50V

E= X:@ =25V/m.

2

R're = Rre (1 + ape AD), R'cy = Rey (1 + acy AO)
RIFe:R,Cu

= Rre (1 + are AB), = Rey (1 + oy AD)

=1.25x 10"".
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15.

16.

17.

18.

19.

20.

L A

39[1+5x10°%(20-0)]=4.1[1 +4 x 107 (20 - 0)]

39+39x5x10°(20-0)=4.1+4.1 x4 x 10 (20 - 0)
41x4x10°%(20-0)-3.9x5%x10°(20-0)=3.9-4.1
16.4(20 — 0) — 19.5(20 — 0) = 0.2 x 10°

(20 - 0) (-3.1) = 0.2 x 10°

6 — 20 = 200

0 = 220°C.

Let the voltmeter reading when, the voltage is 0 be X.
LRV

LRV,

175 _144-V _ 035 _14.4-V
275 224-V 055 224-V

007 144-V 7 144-V

= = = —=
0.11 224-V 11 22.4-V

=
=
=
E

. Voltmeter read the emf. (There is not Pot. Drop across the resistor).

7(22.4-V)=11(14.4 - V) = 156.8 - 7V = 158.4 — 11V
(7-11)V = 156.8 — 158.4 = —4V = 1.6
V=04V.

When switch is open, no current passes through the ammeter. In the upper part of
the circuit the Voltmenter has « resistance. Thus current in it is 0.

When switch is closed current passes through the circuit and if its value of i.
The voltmeter reads
e—ir=1.45
152 —-ir=1.45
ir=0.07
1r=0.07=r=0.07 Q.
=6V, r=1Q,V=58V,R="?
E 6

I = =——,V=E-1Ir

=

=
Vv
=

R+r R+1

6 xl:LZO.Z
R+1 R+1
R+1=30=>R=29Q.

=g+ir

7.2=6+2xr — — W

58=6-

= 1.2=2r=r=0.6 Q.

a)

b)

net emf while charging
9-6=3V
Current=3/10=0.3 A
When completely charged.
Internal resistance r' =1 Q
Current=3/1=3 A
0.li;,+1i;,—-6+1;—-6=0

. . . 1 1
= .0.1|11"2' 1li; +1ip =12 I_UE_MN\’_“;_W\N_I
=1 = Z A‘/(\)/l\:{" |;1
ABCDA

= 0.1li,+1i-6=0

= 0.1i, + 1i
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b)

c)

21. a)

b)

ADEFA,
= i-6+6-(,—0)1=0

= i-i,+i=0

= 2i-i,=0=>-21£02i=0

=i, =0.

li+1i;,—-6+1i1=0

=3;=12=i,=4

DCFED

= hb+i—-6=0=i,+i=6

ABCDA,

b+ (i,—)—6 =0

= h+tihb—-i=Z6=2L,—-1=6

= 2ib+t2i=6=i=-2
ib+i=6

=>hb—-2=6 =i,=8

p 4 1

i, 8 2

10i; + 1i;, - 6+1i; —-6=0

= 12ih=12=i =1
10i,-i;,—6=0

= 10i,—i; =6

= 10i, + (i,—)1-6=0

= 11i,=6

= -, =0

Total emf = n,E

in 1 row

Total emf in all news = n,E
Total resistance in one row = nyr

. . n,r
Total resistance in all rows = -+

n;
. n,r
Net resistance = -~ + R
n;
n,E n,n,E
Current = 1 =12
n/n,r+R  nr+n,R
| = n;n,E
N +ny,R
for | = max,

nir + n,R = min

= (\/n_lr—ﬂlnze)2 +2\nm,R =min
it is min, when
\/E =n,R

= nir=nyR
| is max when n;r = n,R.

B S

10 l Wl

B

:;

i2 0.1Q

iz 10Q

32.5



Electric Current in Conductors

22.

23.

24.

E =100V, R’ =100 kQ = 100000 Q

R=1-100
When no other resister is added or R = 0.
i= E: 100 =0.001Amp
R’ 100000
WhenR =1
i= 100 = 100 = 0.0009A
100000+1 100001
When R =100
100 100 =0.000999 A.

= 100000 +100 100100
Upto R = 100 the current does not upto 2 significant digits. Thus it proved.
Ar=24A

Since A; and A, are in parallel,
= 20x2.4=30x X

2024

= X 1.6 A.

Reading in Ammeter A, is 1.6 A.
As=A +A,=24+1.6=40A.

5.5V
[}
1T

{55V |5:5V
I |1
+—>
10
i 2 30 20/3 30
. 55x3
imin = =0.15
min 110
{55V |55V
I [T
—>
10
i R 203
. 55x3 16.5
i = =—— =0.825.
20 20
25. a) Ry = @ =60Q
3 1800
i= = MV
i=60/60=1A AN LES
180 1800
b) Regg= — =90 Q MW
2 | I60
i=60/90=0.67 A | !

C) R¢=180Q = i=60/180=0.33 A
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26.

27.

28.

29.

30.

31.

Max. R = (20 + 50 + 100) Q =170 Q

1 1 1 8
20 50 100
V2
The various resistances of the bulbs = 3

2 2 2
Resistances are (15) ,(15) ,(15) =45, 22.5, 15.
10 10 15
Since two resistances when used in parallel have resistances less than both.

The resistances are 45 and 22.5.

il x 20 = i2 x 10
L 101
i, 20 2 Y
it =4 mA, i, =8 mA A iF12mA 5KO i=12mA B
Current in 20 KQ resistor = 4 mA 100KQ
Current in 10 KQ resistor = 8 mA p 100
Current in 100 KQ resistor = 12 mA
VvV = Vl + Vz + V3
=5KQ x 12 mA + 10 KQ x 8 mA + 100 KQ x 12 mA
=60 + 80 + 1200 = 1340 volts.
Rl =R, il =5A
R2: 10R ,i2:6A
10+R
Since potential constant,
i1R1: i2R2
— 5ExR-= 6x10R
10+R
= (10+R)5=60
=5R=10=>R=2Q.
AW
0——'\/\;\/\:— ) A —e «——> @ MW °
a b a b
MWV
Eqg. Resistance = r/3.
15x5 15 15x5x15
6 6 __ 6x6 2 N
) Ret= 15,5 15~ 75415
i S F C
6 6 6 15/6
:15><5><15:§ -2080. < 5
6x90 12

b) Across AC,
15X4><15X2 15x4x15x%x2

Res= -0 6 _ 6x6
© 15x4+15x2 60 + 30
6 6 6
_ 15x4x15x%x2 :E _3330.
6x90 3
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32.

33.

34.

35.

c) Across AD,

l5><3><15><3 15x3x15x%x3
Res= -8 6 _ 6x6
© 15><3+15><3 60 + 30
6 6 6
- 15><3><15><3:E 3750
6x90 4

a) When S is open
Req = (10 +20) Q=30 Q.
i = When S is closed,
Req =10 Q
i=(3/10)Q=0.3 Q.
a) Current through (1) 4 Q resistor =0
b) Current through (2) and (3)
netE =4V -2V =2V
(2) and (3) are in series,
Rei=4+6=10Q
i=2/10=02A
Current through (2) and (3) are 0.2 A.
Let potential at the point be xV.
(30-x)=101i,
(x=12)=201i,
(x—2)=30i3
i1 =i+ i3
N 30-x _ x—12+x—2
10 20 30
x-12 x-2
2re 27
3
3x-36+2x-4
6
= 180 - 6x =5x—-40
= 11x =220 =>x=220/11=20V.
i\ = 30-20
10
20-12

= 30—-Xx =

= 30-x=

=1A

=04A

Ir =

= 22°2_8 _g5a
30 10
a) Potential difference between terminals of ‘a’ is 10 V.
i througha=10/10=1A
Potential different between terminals of b is 10-10=0V

i throughb=0/10=0A

b) Potential difference across ‘a’ is 10 V
i througha=10/10=1A
Potential different between terminals of b is 10-10=0V
i through b=0/10=0 A

20Q
100Q
s
| l3V
| I
40
MW
40 6Q
4V 2V
ia 20 12
——WW———=eb
. X
a 100 %o
—WW——>
30
ia 30 2
L—>—AVW———0 i
10V 10V
a
10Q
100
MW
b
b
A
v
10
v S10 10 T 1ov
a C
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36. a) Incircuit, AB ba A

37.

38.

E,+iR, +i;R3=0

In circuit, iRz + E; — (i—i))Ry =0
=iR3+E;—-iIR;+i1R; =0

[iR, +i1R3 = -E5]R:
[I(R,—i1(R1+ Rs) = Ei] Ry

iR,R; + i1R3R1
iR;R; — 1R (R1 + R3)

—-EzR;
E:R;

iR3R1 + i1R2R1 + i1R2R3 = E1R2 - E2R1
= i1(RsR1 + R2R; + RoR3) = EjRy — EoRy

. EiR, -E,R,
=1L =
R;R; +R,R; +RyR4
E B
EiRoR3 ~E;RR; Ri Ry
R3R; +RR; +RyR, i+i+i
R, Ry Rg

b) .. Same as a
b

E; R,

R3

R E,

a

In circuit ABDCA,
ih+2-3+i=0
= i+i;—-1=0 ..(1)
In circuit CFEDC,
(i-i)+1-3+i=0
= 2i—-ii,—-2=0 ..(2)
From (1) and (2)
3i=3=i=1A
hb=1-i=0A
i—-ip=1-0=1A
Potential difference between A and B
=E-ir=3-11=2V.
In the circuit ADCBA,
3i+6i1—-45=0
In the circuit GEFCG,

3i+ 6|1 =45 = 10i- 10|1 - 6|1 =-3
= [10i — 16i; =-3]3 ..(2)
[3i + 6i, = 4.5] 10 (2)
From (1) and (2)
-108 i, = 54
1= ﬂ = 1 =0
108 2

3i+6x%-45=0
3i-1.5=0=i=0.5.
Current through 10 Q resistor = 0 A.

. Es=3
S}

c_A/\rN\,_J_|
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39. In AHGBA,
2+(-ip)-2=0 H £
= i-ip=0
In circuit CFEDC, : )
—(ip—i))+2+i,—-2=0
= bb—ih+i,=0=2i,—i; =0. A

In circuit BGFCB, i
—(1—i) +2+(1—0x)—2=0
= ii—i+ip—i,=0 = 2i1—i—-ip=0 ..(1)
= ii—(i—i)—i,=0 = i1—ih=0 ..(2)
Lip—i=0
From (1) and (2)
Current in the three resistors is 0.
40.

For an value of R, the current in the branch is 0.

41. a) Rys= (2r/2)xr r
2r/2)+r
+—>
r2
= — = r
2r & AW Y AW

C

B
b) At O current coming to the junction is current going from BO = Current W
going along OE.
VA,
D E

N =

Current on CO = Current on OD
Thus it can be assumed that current coming in OC goes in OB.
Thus the figure becomes 8r/3

r+|—|+r|=2r+ —=—
3r 3 3 A —ZL Wﬁ@‘( <—>
L gy

_ (8r/6)x2r 8%/3 _ 8% 6 8 _
eff = = X =T =

(8r/6)+2r 20r/6 3 20 10

MWW =r

42.
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43. a) Applying Kirchoff's law,
10i-6+5i—12=0

10i +5i=18

15i=18

u

O

) Potential drop across 5 Q resistor,
i5=12x5V=6V
c) Potential drop across 10 Q resistor
i10=12x10V=12V
d) 10i—-6+5i—12=0
= 10i + 5i = 18

= 15i=18
i:E:E =12A
15 5

Potential drop across 5 Q resistor =6 V
Potential drop across 10 Q resistor =12 V
44. Taking circuit ABHGA,

—t—+—=
3r 6r 3r

= aler:V
3 6
:V:Er

vV 5

= Re= —=—

T T er

2r
§+rr &
45, Ryy=—St<=—

4r

Ry =—+F=—

eff 3 3
2r

Ry =—=r

eff 2
r
Reff:Z

100 v 50 6v

vV g

R

B e c
i /1.
i6
R Y it6
A i3 D
yie v
\4
i3 Hoo B
g G
i6 i3 i3
E il F
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46.

47.

r
MW
Reff =r r r r a b
—>
a r b
MWV
1 1 1 1

a) Let the equation resistance of the combination be R.

2R
(R+2J+1:R T 22 ?

o RER*2 b 3R+2=-R%+2R
R+2
= R*-R-2=0
+1+441+412 1449 143 _
2.1 2 2
6

b) Total current sent by battery = — = 6 =3
Ret 2

= R= 2Q.

Potential between A and B
3.1+2i=6
3+2i=6=2i=3
i=1l5a
a) In circuit ABFGA,
150+ 2i+i—43=0
= 50i; + 3i=4.3 ..(1)
In circuit BEDCB,
50i; — (i—i1)200=0
50i; — 200i + 200i; =0
2501, —200i=0
50i; —40i=0 ..(2
From (1) and (2)
43i=4.3 =i=0.1
_ 4x0.1

Uy

Uy y

5i1:4><i:4><0.1 :>i1 =0.08 A.

Ammeter reads a current =i = 0.1 A.

Voltmeter reads a potential difference equal to i; x 50 = 0.08 x 50 = 4 V.
b) In circuit ABEFA,

50i; + 2i; +1i—4.3=0

= 52i;+i=4.3 A4_|4-3 kA F

= 200 x 52i; + 200 i = 4.3 x 200 ..(1) 1
In circuit BCDEB, e @2 .
(i—i1)200 — i;2 — ;50 = O

= 200i — 200i; — 2i; — 50i;= 0 cLisi R

= 200i — 252i; =0 (2 200

From (1) and (2)
i1(10652) = 4.3 x 2 x 100
= 4.3x2x100 -008
10652
i=4.3-52x0.08=0.14
Reading of the ammeter = 0.08 a

Reading of the voltmeter = (i —i,)200 = (0.14 — 0.08) x 200 =12 V.
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48.

49.

50.

51.

a) Ry = 2002400 46— 280
500
— 84 —
= 580"

100i = (0.3 —i) 400
= i=1.2-4i
= b5i=1.2=i=0.24.

Voltage measured by the voltmeter = 0.24x100

24V
b) If voltmeter is not connected

Rer = (200 + 100) = 300 Q

i= 8 0.28 A

300

Voltage across 100 Q = (0.28 x 100) = 28 V.
Let resistance of the voltmeter be R Q.
R, = S0R R, =24

50+R

Both are in series.

30=V;+V;
= 30=iR; +iRy
= 30-iR; = iRy

30
R;+R,

= V,;=30|1- Ry
R, +R,

= iR; = 30-

R,

= V;=30 R,
R;+R,

50R

50R

= 18= 30
50+R
50+R

+ 24]

(50 +R) + (50R +24)(50 +R) )  50R +1200 + 24R

— 18= 30x50xR
74R +1200

= 1332R + 21600 = 1500 R = 21600 =1.68 R

= R =21600/168 = 128.57.

Full deflection current = 10 mA = (10 x 10’3)A

Rer = (575 + 25)Q = 600 Q

V=Rgxi=600x10x10°=6V.

G=25Q,lg=1ma,|=2A,S="

Potential across A B is same

25x10°=(2-107%S

_ 25x107% 25x10°°

© 2-10° 1999

=125x10°=1.25 x 107,

_ 18- 30{ 50R x (50 +R) J_ 30(50R)

= 18(74R + 1200) = 1500 R

= S

84v
| I
y

iy

0.3 Y

1002

4000

30

50 R
24
MW\
10mA  575Q 25Q
»> MW AMAN
\Y
||
|I
-3 25
: VYN
A B
> AW
2-107 s
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52.

53.

54.

55.

Resr = (1150 + 50)Q2 = 1200 Q 500 1.15KQ

i=(12/1200)A =0.01 A.
(The resistor of 50 Q can tolerate) 12

Let R be the resistance of sheet used.

The potential across both the resistors is same. 001 m
0.01x50=199 xR R
0.01x50 50
R= ——=—=0.251 Q. VW
1.99 199 2-0.01=1.99

oo . . R 8 .
If the wire is connected to the potentiometer wire so that —22 = — | then according to wheat stone’s
DB

bridge no current will flow through galvanometer.

R L . .
Rup _Las _8 _2 (Acc. To principle of potentiometer). 80 120

Rpe Ls 12 3 — AW v
lag + Ipg =40 cm L@
= lDB 2/3 + lDB:4O cm B

= (2/3 + 1)lpg = 40 cm I
40x 3

= 5/3 Ipg =40 = Lpg = =24 cm.

lag = (40 —24) cm = 16 cm.

The deflections does not occur in galvanometer if the condition is a balanced 60 RO
wheatstone bridge. v AMAN

Let Resistance / unit length =r.
Resistance of 30 m length =30 .
Resistance of 20 m length = 20 r.

) 6 30r “———30—+20—>
For balanced wheatstones bridge = — = —
R 20r
—~ 30R=20x6=R=2206-40

a) Potential difference between A and Bis 6 V.
B is at O potential.
Thus potential of A pointis 6 V. R, 5 -
The potential difference between Acis 4 V. A

C
VA—VC:0.4 4av
Ve=Va—4=6-4=2V. —||‘VWVJ

b) The potential at D = 2V, Vop =4V ; Vgp = OV
Current through the resisters R; and R, are equal.

Thus, i:i
Ri R
= & =2
R2

| .
= -1 =2 (Acc. to the law of potentiometer)

2
l1 +1, =100 cm

= I1+|51:1000m:>%:1000m

= I, = % cm =66.67 cm.

AD = 66.67 cm
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56.

57.

58.

¢) When the points C and D are connected by a wire current flowing
through it is 0 since the points are equipotential.

d) PotentialatA=6v
PotentialatC=6-75=-15V [e
The potential at B = 0 and towards A potential increases. _| iS—WW—T
Thus —ve potential point does not come within the wire.

Resistance per unit length = 1—?

15r "y "
For length X, Rx = — x x A »> S
6 i A El2 ip

a) For the loop PASQ (i; + iz)% rx + % (6 —x)i; +iiR=E ..(1) r

For the loop AWTM, —i,.R — % rx (iy + i) = Ef2

DbR+!§rx0yHQ:EQ (2

For zero deflection galvanometer i, =0 = % rx.ih=El2=i= 5i
X-r

Putting iy = Si and i; = 0 in equation (1), we get x = 320 cm.
X-r

b) Putting x = 5.6 and solving equation (1) and (2) we get i, = %
r

In steady stage condition no current flows through the capacitor.

Ref =10+20=30 Q GhF
1

2 1 A

T 10Q 20Q
30 15 AAAN
Voltage drop across 10 Q resistor =i x R ,
V

|y
= 1,10-20_2y :
15 15 3
Charge stored on the capacitor (Q) = CV
=6x10°x2/3=4%x10°C=4pC.
Taking circuit, ABCDA, 100 100
10i +20(i—i))-5=0
= 10i +20i—20i; -5=0
= 30i-20i;-5=0 -..(1)
Taking circuit ABFEA,
20(i—1i;)-5-10i; =0
= 10i - 20i; — 10i; —-5=0
= 20i—-30i;-5=0 ..(2)
From (1) and (2)
(90 -40)i; =0
= i;=0
30i-5=0
=i=5/30=0.16 A
Current through 20 Q is 0.16 A.
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59. At steady state no current flows through the capacitor.

60.

61.

62.

63.

1uF
=26 o0 Iul zﬁF
9 3+6
1 2
i=2%_3 A—MWW—LE—mm—c
2 ' 204 [\%

Since current is divided in the inverse ratio of the resistance in each

branch, thus 2Q will pass through 1, 2 Q branch and 1 through 3, 3Q 1Y 4 3
branch F AN E ANV\V D
Vag=2x1=2V. TEF “ﬁF

Qon 1 puF capacitor=2x 1 uc=2 uC
Ve =2 x 2=4V.

Q on 2 uF capacitor =4 x 2 uc =8 uC
Vpe=1x3=2V.

Q on 4 uF capacitor=3 x4 uc = 12 uC
Vee=3x1=V.

Q across 3 uF capacitor = 3 x 3 uc = 9 uC.

Ceq=[Bufp3uf)s(Lufpluhlp(luf

=[(3+3)ufs 2uf] p 1 uf w8
=3/2+1=5/2 uf _|::|_“_|::|_

V=100V A | | C

Q= CV =5/2 x 100 = 250 pc I

Charge stored across 1 uf capacitor = 100 pc 1

Ceq between A and Bis 6 uf =C MWW | F—vww

Potential drop across AB=V =Q/C =25V
Potential drop across BC = 75 V.
a) Potential difference = E across resistor

. . . C
b) Current in the circuit = E/R |—'\/§/\,—| v

c) Pd. Across capacitor = E/R

d) Energy stored in capacitor = %CE2

2
e) Power delivered by battery = E x | = Ex% = %

2
f) Power converted to heat = %

A=20cm’=20x 10" m?
d=1mm=1x10°m;R=10KQ
EoA  8.85x10 % x20x10™*

d 1x1073
_ 8.85x10?x2x107®
- 1072
Time constant = CR = 17.7 x 107 x 10 x 10°
=17.7x10°=0.177 x 10° s = 0.18 s.
C=10puF=10"F,emf=2V
t=50ms=5x107s, q=Q(L — e "R
Q=CV=10"x2
q=12.6 x10°F
= 12.6x10°=2x 107 (1-e 107 /RA07)

C=

=17.7 x 107 Farad.
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64.

65.

66.

67.

68.

12.6x10° | 50%/Ra0®
2x107°
= 1-063= g ™O/R

—5000 _\10.37

R= 2000 _ 505 0= 5.028 x 10°0 = 5 KQ.
0.9942
C=20x10°F,E=6V,R=1000Q
t=2x 1072 sec

q=EC (1-e"R%

-2x107°

= 6x20x 10—5 (1_ elOOxZOxlO’6 )

=12x10°(1-e%=7.12x063x10°=7.56 x 10"

=75.6 x 10° =76 pc.
C=10pF, Q=60uC,R=100Q
a) att=0,q=60 puc
b) att=30 ps, q= Qe ’R¢

=60x10° xe =44 pc
c) att=120ps, q=60x 10° x e™? =18 puc
d) att=1.0ms, q=60x 10° x €°=0.00272 = 0.003 pc.
C=8uF,E=6V,R=240Q
a) I= V_5 _o25a
R 24
b) q=Q(1-e")
=(8x10°x6)[1-c']=48x10°x0.63=3.024 x 10~
_Q_3024x10° . _g
C 8x10°°

E=V+iR
= 6=3.78+i24
= i=0.09A
A=40m’=40x 10"
d=01mm=1x10"m
R=16Q;emf=2V
EoA  8.85x1072x40x10™*

g T =354x 10" F
X

C=

NOW, E — Q (1_ e—t/RC) _ CV (1_ e—t/RC)
AE, AE,
B 35.4x1071 %2
40x107* x8.85x1072
=1.655x10*=1.7 x 107 V/m.
A=20cm’d=1mm,K=5e=6V
R=100x10°Q,t=89x 10" s
KE,A  5x8.85x1072x20x10™*
d 1x1073
_ 10x8.85x10° %1072
1073

(l— efl.76 )

C=

=885x 10"
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69.

70.

71.

72.

73.

q=EC1-e"R%
-89x107°
=6 x 88.5 x 1072 |1 e885x10"x10" | = 530,97

1 500.97x530

Energy = —x
2 885x107%?
_ 530.97x530.97 . 1
88.5x2

Time constant RC = 1 x 10° x 100 x 10° = 100 sec
a) q=VC(1-e "R
| = Current = dg/dt = VC.(-) e 'R, (-1)/RC
_V __tre _ \Y% 24 1

106 e'(/100

R " R.el/RC
24 x 107° 1/e"%°
t = 10 min, 600 sec.
Q=24x10+4x(1-€e°%=2399x10"

l= == .= =59x10°%Amp..

b) q=VC(l-e"F)
Q2 =Q(1-e’R)
- %:(1 e UoRy
- e—t/CR =1

= L log2 = n=0.69.
RC

q - Qe—tIRC

q=01%Q
=1x107°Q

S0,1x10°Q=Q xe R

= e"™=|n107

= t/RC =—(-6.9) = 6.9

q=Q(1-e™

2 2
1Q° _ nitial value : 19°
2 2cC

RC = Time constant

= Final value

ool Y2 )
=> n= Iog{ﬁ—_lj =1.22

Power = CV*=Q x V
QV

Now, 7 =QV x eiURC

23.94x107'C

I(in Amp —)

Q(nC—)

VIR

5.9xx10%amp

> X
t(insec —») 10 min

> X
t(insec —») 10 min
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74.

75.

76.

77.

78.

= 1 = e—t/RC
= L =-In 0.5
RC

= —(-0.69) = 0.69
Letatanytimet,q=EC(1-e
E°C® | query _ECy

1
20( 2

—t/CR
)

_ e t/CRY2

q2
E = Energy stored = — =
2c

R = rate of energy stored = —
RC CR

_EF2c( 1)\ 2
(:jltE _ EZC( 1) (1— e URC)g U/RC _E" otre (1_ e t/<R)
drR _ E_Z[—_let/CR -(1—eCR) 4 (). g tICRA-IRC) .e—t/CR}
dt 2RLRC
E_2 _ (—e_t/CR N g 2/CR +i'e—2t/CRj _ E_Z[i_e—Zt/CR _ e_t/CRJ Q)
2R RC RC RC 2R\RC RC
For Rpa dR/t=0 = 2.6 -1=0= e"R=1/2
= —t/RC=-n=t=RCIn2

*. Putting t = RC In 2 in equation (1) We get drR _ E—Z
- dt 4R’

C=12.0puF=12x10"°
emf=6.00V,R=10Q
t=12 pc, i=ip e "¢
CV _ tre _ 12x10°° x6 cel
12x10°°

=2207=21A

b) Power delivered by battery
We known, V = V, e "R¢ (where V and V, are potential V1)
VI = Vol eR¢

= VI=Volxe'=6x6xe'=13.24W

2
= energy drawing per unit time]

cv? cv
C) U= = (e t/RC)Z [

-6
_ 12x10°x36 (1)

2
5 =4.872.
12x10™

Energy stored at a part time in discharging = %Cvz(e’“Rc)2

Heat dissipated at any time
= (Energy stored at t = 0) — (Energy stored at time t)

= Zov2-Zevi-e Y - 2ovi(i-e?)
2 2 2
J'iszt - J.ifZJ Re 2t/RC gt — igRJ' e 2t/RCqt

= i2R(-RC/2)e ?/R¢ :ECinge’z”RC _leov (Proved).
2 2

Equation of discharging capacitor

1
-ure _ K&y AV o(PdKe, A A _ Key AV ot/ oK,

= Qpe
Yo d d
~1=pKeg

. Time constant is pK g, is independent of plate area or separation between the plate.
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79.

80.

81.

82.

83.

84.

—t/RC
)

g=qgo(1-e

-0.2x10°*
=252 +2)x10° (1— @25x410° )

=24x10°(1-€%=20.75
Charge on each capacitor = 20.75/2 = 10.3

25Q

In steady state condition, no current passes through the 25 uF capacitor,

100

. Net resistance = 50.

Net current = %

Potential difference across the capacitor =5
Potential difference across the 10 Q resistor
=12/5x10=24V

q = Q%) =V x C(e R = 24 x 25 x 107 [ 140" /10:25:10" |
=24x25x10°e™ =24 x25x10°x0.0183=10.9x10°C

Charge given by the capacitor after time t.

-6
Current in the 10 Q resistor = w =11ImA.

1x107% sec
C=100 pF,emf=6V,R=20KQ, t=4S.

L _tIRC ~t 4
Charging: Q=CV(1-¢e ™) |:RC_2><104><104}
=6x10%1-e%=5187x10"C=Q
Discharging : q = Q(e ") =5.184 x 10 x 7

=0.7x10" C =70 pc.

Ceit = CiCs
C, +C,
Q=Cu E(L—e "= S1C2 (g _gRey
C, +C,

Let after time t charge on plate B is +Q.
Hence charge on plate A is Q — .

_Q-¢g _q
Va= =9 v,= 4
AT e BT e
Vi — Vg = Q-9 _9_Q-2q
C C C
Current = Va—Ve _Q-29
CR
Current = dq_Q-2q
dt CR
da 1 fda _ 1 7
Q-29 RC JQ-2q RrC)
1 1 Q-2q -2
—=[IN(Q-29)-InQ]=—-t In =—:-t
= 2[ (Q-2qg)-InQ] e 1= 3 RC
- Q _ 2q - Q e—2t/RC - 2q - Q(l _ e—ZI/RC)
= q - 9(1_8—ZI/RC)

25uF
I
11
100
MW
_| 12 100
C; C;
E r
A Vo
R
Ve

The capacitor is given a charge Q. It will discharge and the capacitor will be charged up when

connected with battery.
Net charge at time t = Qe /R¢ + Q(1-e™V/RC).
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CHAPTER - 33
THERMAL AND CHEMICAL EFFECTS OF ELECTRIC CURRENT

i=2A, r=25Q,

t=1 min = 60 sec

Heat developed = i RT = 2 x 2 x 25 x 60 = 6000 J

R =100 Q, E=6v

Heat capacity of the coil = 4 J/k AT =15°

2
Heat liberate = % =4J/Kx 15

6x6
100

= xt=60 =1t=166.67 sec = 2.8 min

2
(a) The power consumed by a coil of resistance R when connected across a supply vis P = VF

2 2
The resistance of the heater coil is, therefore R = A % =125Q

v? _ (250)°

(b) If P=1000w then R= — =—"2"-=625Q
P 1000

lexlo’GQm P =500 W E=250v

2
@R = Ve _ 250 x 250 1250
P 500

(b)A=05mm?=05x10°m*=5x 10" m?

-7
r= o= RA L M =625x 10 =625m
A f 1x10~
(c) 62.5 = 2nur x n, 625=3x3.14x4x10°xn
-3
=025 - 825x107 o500 4ums
2x3.14x4%x10 8x3.14
V=250V P=100w
2 2
R=Y - 2507 _g5q \f
P 100 T
. . fl s 10
Resistance of wire R= — =1.7 x 107 x — = 0.034 10 cm
A 5x10~

.. The effect in resistance = 625.034 Q

.. The current in the conductor = X = A A
R 625.034

220

2
—— | x0.034
625.034

.. The power supplied by one side of connecting wire = [

2
.. The total power supplied = _220 x0.034x2 =0.0084 w = 8.4 mw
625.034
E=220v P=60w
2
R = V7 _220x220 _ 220x11 o
P 60 3
2
() E=180v p- Y~ _180x180x3 _ \0i6~a0w

R 220x11
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Thermal & Chemical Effects of Electric Current

VZ _ 240x240x3

(b) E=240Vv P=—=——— " =714=71w

R 220x11
Output voltage = 220 £ 1% 1% of 220V =2.2v

2 2
The resistance of bulb R = vz = (220" =484 O
100
(a) For minimum power consumed V; =220 — 1% =220 -2.2=217.8
= Vi 2178 _ o454
R 484

Power consumed =i x V; =0.45 x 217.8 =98.01 W
(b) for maximum power consumed V, = 220 + 1% = 220 + 2.2 = 222.2

i=—==—— =0459
R 484
Power consumed =i x V, = 0.459 x 222.2 =102 W

V=220v P=100w

2
R = Ve _ 220x 220 - 4840

P 100
P =150 w V= 4PR = 4150x22x22 = 224150 =269.4=270vV

2
P =1000 V=220v R:V—:M:48.4Q
P 1000

Mass of water =

10 1000 = 10 kg

Heat required to raise the temp. of given amount of water = msAt = 10 x 4200 x 25 = 1050000

2
Now heat liberated is only 60%. So V? x T x60% = 1050000

= 10500 X6_lo nub = 29.16 min.

(220)2 60
= ————x—
48.4 " 100

xT =1050000 =T

. Volume of water boiled = 4 x 200 cc = 800 cc

T,=25°C T, =100°C =>T,-T,=75°C
Mass of water boiled = 800 x 1 = 800 gm = 0.8 kg
Q(heat req.) = MSA6 = 0.8 x 4200 x 75 = 252000 J.
1000 watt — hour = 1000 x 3600 watt-sec = 1000x 3600 J
No. of units = __252000 =0.07 = 7 paise
1000 x 3600

(b) Q = mSAT =0.8 x 4200 x 95 J

No. of units = 2:8x4200x95 _ 4 86~ 0.09

1000 x 3600

Money consumed = 0.09 Rs = 9 paise.
P =100 w V=220v
Case | : Excess power = 100 — 40 = 60 w

Power converted to light = % =36 W

2
r= @ =82.64w

Case Il : Powe
Excess power = 82.64 — 40 = 42.64 w

Power converted to light = 42.64 x % =25.584 w
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Thermal & Chemical Effects of Electric Current

12.

13.

14.

15.

16.

17.

AP =36 — 25.584 = 10.416

10.416
3

Required % = x100 =28.93 =29%

12 5 .6 12 6 10

Ref = —+1=— = = — Amp.
7 g 2 Gi2) 5 P L_‘ '—’M‘]
12 82

16=(i—7)2=16=-=x2-2i i
gi=24 o= 2 -3 amp o~
5 5x8 5 i-i'
i—i= E_g = g Amp
5 5 5

(a) Heat = i? RT:§x§x2xl5x60 = 5832

2000 J of heat raises the temp. by 1K
5832 J of heat raises the temp. by 2.916K.
(b) When 6Q resistor get burnt Rgg=1+2 =3 Q
.6
= 3 2 Amp.
Heat =2 x 2 x 2 x15 x 60 = 7200 J
2000 J raises the temp. by 1K
7200 J raises the temp by 3.6k
6 = 0.001°C a=—46 x 10°° v/deg, b =-0. 48 x 10°° v/deg®
Emf = agiag 0 +(1/2) bging 6° = — 46 x 107° x 0.001 — (1/2) x 0.48 x 10°° (0.001)°
=—-46x107°-0.24 x 107 = - 46.00024 x 10°=- 4.6 x 10°V
E = ang + bagb? cuag = Acupb — bagey = 2.76 — 2.5 = 0.26 pv/°C
bcuag = Beupb — bagep = 0.012 — 0.012 pve =0
E = angd = (0.26 x 40) pV = 1.04 x 10° V
6 =0°C
acuFe = @cupb — 8reph = 2.76 — 16.6 = —13.8 pv/°C
Beure = boupb — Drepp = 0.012 + 0.030 = 0.042 pv/°C?
Neutral temp. on _a_ 138 °C =328.57°C
b 0.042
(a) 1eg. mass of the substance requires 96500 coulombs
Since the element is monoatomic, thus eq. mass = mol. Mass
6.023 x 10°® atoms require 96500 C
96500
6.023x10%
(b) Since the element is diatomic  eq.mass = (1/2) mol.mass
. (1/2) x 6.023 x 10* atoms 2eq. 96500 C
96500 x 2
6.023x10%
At Wt. At = 107.9 g/mole
| =0.500 A
Eag=107.9¢9 [As Ag is monoatomic]

1 atoms require C=16x10"C

= 1 atom require = =32x10"°C

M = Zit = 0.001118 x 0.5 x 3600 = 2.01
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18.

19.

20.

21.

22.

23.

24.

t =3 min = 180 sec
E.C.EE=1.12 x 10 kglc
=3x10°=1.12x10°xi x 180

w=2g

-3

=i= 3X1O6 -1 x10% = 15 Amp.
1.12x107° x180 6.72
LN 29 12
22.4L 22.4
m = Zit 2 ol st 7= 2 98500 _ 1735 21 sec ~ 28.7 min = 29 min,
22.4 96500 22.4
wi=zit =1z —1M  5415%3600 = mm= —90900 _ _ 56 5 g/mole
3x 96500 2x1.5x3600

E_w 1079 _wy - 1079x3 450 gm
E, w, mm 1 26.8

3
I=15A Surface area = 200 cm?, Thickness = 0.1 mm

Volume of Ag deposited = 200 x 0.01 = 2 cm® for one side

For both sides, Mass of Ag=4 x 10.5=42¢

Zng = E_ 1079 m=2ZIT
F~ 96500
_107.9 o o oo 42x96500
0 107.9x15
w = Zijt
= 1079 i 10x60
0
| = 2:68x965 _ 5 99~4 Amp
107.9x6

Heat developed in the 20 Q resister = (4)* x 20 x 10 x 60 = 192000 J = 192 KJ

For potential drop, t = 30 min = 180 sec
Vi=V;+iR=12=10+2i=i=1Amp
m = Zit = 107.9

96500
A= 10 cm®x 10~*cm?
t=10m=10x10"°

x1x30x60 =2.01g=2g

=2504.17 sec = 41.73 min = 42 min

20

Volume =A(2) =10x 10 x2x10x 10°=2x10°x 10° =2 x 10° m°

Mass = 2 x 107 x 9000 = 18 x 10~ kg
W=ZxC=18x10"=3x10"xC
_18x107° _ o o2
3x1077
w
q

V=

==W=Vq=12x6x 10°=76 x 10° = 7.6 KJ

foohoh bR
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CHAPTER - 34
MAGNETIC FIELD

q=2x1.6x10"°C, v=3x10"km/s =3 x 10" m/s
B=1T,F=gBu=2x16x10"x3x10"x1=9.610"*N. towards west.
KE =10 Kev=1.6 x 107 J, B=1x10"T
(a) The electron will be deflected towards left
(b) (1/2) mv? = KE = v = |[REX2 F=qVvB &accin= 3B
m me .,
B

. 1 qvB x*> _ gBx?®
Applying s =ut + (1/2) atP = =x1——x 2 =
pplying (172) 2" m, VE  2mv

_ gBx? 1 1.6x107¥ x1x1077 x12
= = EX BT — X —
o, |KEx2 o 1X1031X\/1.6><10 2
e m : -31
9.1x10

By solving we get, s = 0.0148 = 1.5 x 107 cm
B=4x10" T (K)

F=[4] +3] x 1079 N. Fx=4x10°N Fy=3x107°N
Q=1x10"°C.
Considering the motion along x-axis i—
-10
Fy = QUVB = Vy = —— = 4210 -~ =100 m/s
q 1x107° x4 x10~

Along y-axis

-10
Fv=qVxB= Vx = L 310 =75m/s

0B 1x10°x4x1073
Velocity = (=751 + 100 ) m/s

B=(70i—-3.0j)x10°T

a = acceleration = (i + 7j) x 10°° m/s?

Let the gap be x.

Since B and a are always perpendicular

Bxa=0

= (7xx10°x10°-3x10°%7x10°% =0

=>7x-21=0=x=3

m=10g=10x 10 kg

q =400 mc=400x10°C

v =270 m/s, B = 500 ut = 500 x 10™° Tesla

Force on the particle = quB = 4 x 107° x 270 x 500 x 107° = 54 x 10 (K)
Acceleration on the particle = 54 x 10° m/s? (K)

Velocity along iand acceleration along k

along x-axis the motion is uniform motion and

along y-axis it is accelerated motion. a

Along — X axis 100 =270 xt=>t= %

Along — Z axis s = ut + (1/2) at’ v

35:1 x 54 x 107 x Exﬂ =3.7x10°
2 27 27
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Magnetic Field

10.

11.

12.

ge= €, mp =m, F=gpxE

0

ma
ormag = ek or,E=z —~ towards west
e

The acceleration changes from a, to 3a,

Hence net acceleration produced by magnetic field B is 2ay.
Force due to magnetic field

—

=F =mx2a,=exVyxB

_ 2may,

=B downwards
eV
l=10cm=10x10°m=10" m
i=10A, B=0.1T, 0 =53°

F| =iL B'Sin =10 x 107" x0.1 x 0.79 = 0.0798 = 0.08
direction of F is along a direction Lr to both | and B.

F =ilB=1x0.20x0.1=0.02N

For F =ilxB

So, For

da & cb — | x B =1 B sin 90° towards left

Hence F 0.02 N
For

dc&ab —» F =0.02N
F=iBSino
=ilB Sin 90°
=i 2RB
=2x(8x10%) x1
=16 x 1072
=0.16 N.

Length =1, Current = H

B =Bo(i+]+K)T = Byi +Byj +BokT

F=1IxB =11i x Byi+Byj+Bok
=11Bgixi+IBgixj+IByixk =11BoK —11Bo]

or, ]ﬁ] = 2122B,% = J211B,

i=5A, [=50cm=0.5m
B=02T,

F =ilB Sin 6 = ilB Sin 90°
=5x0.5x0.2

=0.05N

(0

| =2ra

towards left

downward

Magnetic field = B radially outwards

Current = '

F=ilxB

=ix (2na x B)

® = 2nai B perpendicular to the plane of the figure going inside.

Qo

53°

‘ X
|
5A |
x| x x x x| x
X X X X X x 02T
x[Px  x X
X X X X X x
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Magnetic Field

14.

15.

16.

17.

18.

19.

20.

21.

=Boe,

| o

e = Unit vector along radial direction
F=i(IxB)=ilBSino
_i(2ma)Bya _ i2na’B,
Ja?+d?  ya?+d?
Current anticlockwise
Since the horizontal Forces have no effect.

Let us check the forces for current along AD & BC [Since there is no L5>]
InAD,F=0

For BC

F =iaB upward A

Current clockwise W W
- X X

Similarly, F = — iaB downwards Bx Ix x x x| x

X X X X

Hence change in force = change in tension B c”

=iaB — (-iaB) = 2 iaB a

F, = Force on AD = i{B inwards ® 1

- A D
F, = Force on BC = ifB inwards -
They cancel each other b ®B

F; = Force on CD = B inwards ®
F, = Force on AB = i{B inwards
They also cancel each other.
So the net force on the body is 0.
For force on a current carrying wire in an uniform magnetic field
We need, | — length of wire

i > Current

B — Magnitude of magnetic field
Since F = itB
Now, since the length of the wire is fixed from A to B, so force is independent of the shape of the wire.
Force on a semicircular wire
= 2iRB
=2x5x%x0.05%x0.5
=0.25N

Here the displacement vector di =2

ae b

5A ®B=05T

|
5cm

So magnetic for i StdixB =ix AB

Force due to the wire AB and force due to wire CD are equal and opposite to each
other. Thus they cancel each other.

Net force is the force due to the semicircular loop = 2iRB

Mass = 10 mg = 10~ kg X
Length=1m Xg D
B="?

x
x X X X

I=2A,

Now, Mg =ilB
mg _ 10°x9.8
il 2x1

(a) When switch S is open o
2T Cos 30° = mg + T4
7= __
2C0s30° P Q

_ 200x10° <08 —on—s

=1.13
2,/(3/2) l

=B = =49x10°T
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22.

23.

24.

25.

26.

(b) When the switch is closed and a current passes through the circuit =2 A

Then
= 2T Cos 30°=mg + ilB
=200%x10°9.8+2x0.2x0.5=1.96+0.2=2.16

—o7= 216X2 _ 5 49
V3
=T= % =1.245=125

Let ‘F’ be the force applied due to magnetic field on the wire and ‘X’ be

the dist covered.
So, F x| =pumg x x
= ibBIl = umgx
ibBI

pwmg

uR =F

> uxXxmxg= iIB

= X=

oooooooooo

6

:>u><1o><10‘3><9.8:E x4.9x107°x0.8

2 [
0.3x0.8 ><_§0 - 012
2x10

Mass = m

length =1
Current =i
Magnetic field =B = ?
friction Coefficient = p
iBl = umg
pmg

il

(@) Fg=ixdl x B towards centre. (By cross product rule)
(b) Let the length of subtends an small angle of 20 at the centre.
Here 2T sin 6 =ixdl x B
= 2TO=ixax20xB [As 6 — 0, Sin 6 = 0]
=T=ixaxB dl=ax 26
Force of compression on the wire=iaB

=u=

=B=

_iaB 2ma

Y

_ 2na’B
nrly

2na%iB

2y

So,dp = (for small cross sectional circle)

X1 [x XX

S .. T

Hn—.:.b
«— | —
X X X
6V

X X X | '|_§<

X XIX >§

X XIX >
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Magnetic Field

27. B = 80[14,%}2

f, = force on AB = iBg[1 + 0]l = iBl
f, = force on CD = iBg[1 + O]l = iBl
fa = force on AD = iBo[1 + 0/1]l = iBl
f, = force on AB = iBg[1 + 1/1]I = 2iByl
Net horizontal force=F, - F, =0
Net vertical force = F, — F3 = iBgl

28. (a) Velocity of electron = v
Magnetic force on electron

F=evB
(b) F=qE; F=euB
or, gE = evB
= eE = evB or, E =uB
dv _ V
CO)E= — = —
(© dr I
=V=IE=IvB
29. (a)i=VonAe
= V= ;
nae
. iBl iB
b) F=ilB= — = — (upwards
(b) A A (up )
(c) Let the electric field be E
Ee= B _g=-_B
An Aen

(d) av =E=dV=Edr
dr

=Exd = £d
Aen

30. q=2.0x10°C B=010T
m=20x10"g=2x10"¢g
v=20x10°m/

_mu _ 2x107®x2x10°

— = = — =0.2m=20cm
gB 2x107" x10
-13
T= 2tm _ 2><3.14><82><1O1 —628x 10~ s
gB 2x107° x10™
31. r= mv
qB
0.01= W ()
e0.1
dmx V
= (2)
2ex0.1
2+
r _ 4mVexO0.1 4

= =
0.01 2ex0.1xmv 2
32. KE=100ev=16x10"J
(1/2) x9.1x 10 x V2 =16x 10" J
V2= 1.6x107Y x2

S0 - 0.35 x 10"
AX

=— =2 =r=0.02m=2cm.

D
!
—>
y 3
v _ B
A<—l|—>
X X X X X
X X X X
X X X
X X X X X X
X X X X X
~1] —
X X X X
X X X
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Magnetic Field

33.

34.

35.

36.

or, V=0.591 x 10’ m/s
mu _ 9.1x 10731 x0.591x10” _ 10

Nowr= — = —
gB 1.6x107° xB 100
-23
gz 21x0591 10 _ 5 3613x10°T~34x 10T
1.6 1071
T2 2mm _ 2x3.14x9.1x107%

qB 1.6x107°x3.4x107*

No. of Cycles per Second f = %

_ 1.6x3.4 X10-19x10-“
2x3.14x9.1 1073

Note: .. Puttig B 3.361 x 10~ T We get f = 9.4 x 10°

=0.0951 x 10 = 9.51 x 10°

Radius = |, K.E=K K

_mv _ +/2mk
L= — == ——

aB qB
B = 2mk
ql
V =12 KV E:X Now,F:qE:ﬂ or,azi:ﬂ
| | m ml

v=1x10°m/s

orv = szﬂxu \/2xﬂx12x103
ml m

or1x10°= |2x A x12x10°
m

=10%=24x10°x 4
m

3
L T EL N
qa 10
-9 6
p= MV _ 28000 x1x107 154102 m=12cm
aB 2x10°

V =10 Km/' = 10* m/s

B=1T, q = 2e.

(@QF=qVB=2x16x10"%x10"x1=32x10"N

(b)r= mV _ 4x16x10"%* x10* . 10 2 x10%m
qB 2x1.6x1079 x1 107%°

(©)Time taken = 2% = 25V _ 2nx4x1.6x107%

\Y qBxv 2x1.6x107%9 x1
=4nx10°=4x3.14x 10°=12.56 x 10°=1.256 x 10’ sex.
v=3x10°mis, B=06T, m=1.67 x 10% kg
F=quB gp=16x10"C
quB

m
1.6x1071° x3x10% x107!
1.67x10°%7
17.245 x 10" = 1.724 x 10* m/s®

- _F
or, a=—=
m
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Magnetic Field

37.

38.

39.

m

q

c

@R=1n, B=05T, r

. 9.1x103xv
1.6x107x0.5
_1.6x05x107%
b= =9xUox20

9.1x107%
No, it is not reasonable as it is more than the speed of light.

=0.0879 x 10'°= 8.8 x 10" m/s

mv
bYr= —
(b) B
1= 1.6x107%" xv

© 16x109x05
_1.6x107¥x05
o= =ox10 7 x0.5

T A 0.5x10°=5x 10" m/s.
.0 X

(a) Radius of circular arc = m_;
q

(b) Since MA is tangent to are ABC, described by the patrticle.

Hence ZMAO = 90°

Now, ZNAC =90° [ NAis 1r]
~.Z0OAC = ZOCA = 0 [By geometry]
Then ZLAOC=180-(0+6) =n—26

(c) Dist. Covered | = 1§ = %(n —20)

I m
t=— = —(n-20
5 qB(n )

(d) If the charge ‘q’ on the particle is negative. Then

(i) Radius of Circular arc = m_;
q

(i) In such a case the centre of the arc will lie with in the magnetic field, as seen
in the fig. Hence the angle subtended by the major arc =« + 26

(iii) Similarly the time taken by the particle to cover the same path = qﬂB(n +20)

Mass of the particle =m, Charge =q, Width =d
mV

a)lf d= —

CY B

The d is equal to radius. 0 is the angle between the

radius and tangent which is equal to ©/2 (As shown in the figure)

(b) If = ;;—\I; distance travelled = (1/2) of radius

Along x-directions d = Vyt [Since acceleration in this direction is 0. Force acts along

] directions]

_d
t= v (1)

Vy = Uy +ayt = 0+quxBt _ quyBt
m

m
From (1) putting the value of t, Vy = QuxBd
X

\Y
5

X
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Magnetic Field

40.

41.

42.

Vy _ gBd _ gBmVy
Vy  mVy  20BmVy

~0=tan™ [%j = 26.4~30° = 1/6

Tan 0 =

1
2

2mu
(©)d B n v
Looking into the figure, the angle between the initial direction and final direction of velocity is .
u=6x10"m/is, B=05T, rn=3/2=15cm, r,=3.5/2 cm
mv _ Ax(1.6x10%")x6x10*
B 16x10°x05
=15=Ax12x10" X

_ 15 _ 15000

T 12x10% 0 12 «
mu 35 _ A'x(L6x10*")x6x10°"
qB 2 1.6x107°x0.5
35x05x107° _ 3.5x0.5x10*
2x6x10* %1072 12

A _ 15 12x10™"

X
A" 12x10™* 3.5x0.5
Taking common ration = 2 (For Carbon). The isotopes used are c*?andc*

1=

2

=A'=

6
7

V=500V B=20mT=(2x10%T
E:X:@DF:@:a:M
d d d dm

Duzzzad:2x£00xd3uzzwju: 1000 x q
dm m m

m41000xq; /M V1000  +/57x1.6x107% x10°
rl = = =
thym;B Jo. B V1.6x1071 x2x1073
_ m,\/1000xq, _ m,v1000 _ 1000x58x1.6x1072’

r = = =

N q. B V1.6x107%° x20x 1072

ForK—39:m=39x 1.6 x 10 kg, B=5x10"T, q=1.6x10"°C, K.E = 32 KeV.

Velocity of projection : = (1/2) x 39 x (1.6 x 102") v* =32 x 10° x 1.6 x 10 = v = 4.050957468 x 10°

Through out ht emotion the horizontal velocity remains constant.

{= 0.01
40.5095746 8 x 10°

=1.19x10?m=119cm

=1.20x 10° m =120 cm

=24 x 107" sec. [Time taken to cross the magnetic field]

Accln. In the region having magnetic field = avB

_ 1.6x107%° x4.050957468 x 10° x 0.5
39x1.6x10°%

V(in vertical direction) = at = 5193.535216 x 10°® x 24 x 10°° = 12464.48452 m/s.

Total time taken to reach the screen = 0.965 = 0.000002382 sec.

40.5095746 8 x10°
Time gap = 2383 x 10° — 24 x 10™° = 2358 x 10™° sec.
Distance moved vertically (in the time) = 12464.48452 x 2358x 107° = 0.0293912545 m
V? = 2as = (12464.48452)% = 2 x 5193.535216 x 10° x S = S = 0.1495738143 x 10> m.
Net displacement from line = 0.0001495738143 + 0.0293912545 = 0.0295408283143 m
ForK—41:(1/2) x 41 x 1.6 x 10 v=32x10°1.6 x 10° = v = 39.50918387 m/s.

=5193.535216 x 10° m/s?
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Magnetic Field

43.

44,

45.

qVB _ 1.6x107'° x395091.8387 x 0.5

= 4818.193154 x 10°® m/s?

a=
m 41x1.6x10°%"
: : . o 00.1 9
t = (time taken for coming outside from magnetic field) = —————— =25 x 10" sec.
39501.8387
V = at (Vertical velocity) = 4818.193154 x 10% x 10°® 25 x 107° = 12045.48289 m/s.
(Time total to reach the screen) = __0965 =0.000002442

395091.8387
Time gap = 2442 x 107° — 25 x 107 = 2417 x 10™°
Distance moved vertically = 12045.48289 x 2417 x 10~° = 0.02911393215
Now, V2 = 2as = (12045.48289)2 =2 x4818.193151 x S = S = 0.0001505685363 m
Net distance travelled = 0.0001505685363 + 0.02911393215 = 0.0292645006862
Net gap between K— 39 and K- 41 = 0.0295408283143 — 0.0292645006862
=0.0001763276281 m = 0.176 mm
The object will make a circular path, perpendicular to the plance of paper
Let the radius of the object be r

mv® :qu:r:m—V —_— A—’
r gB B

Here object distance K =18 cm. O v

1—E:E(Ienseqn.):l—[LJ:i =v=36cm. v ,

v u f v (-18) 12 -

Let the radius of the circular path of image =1’

!

So magnification = V. r—(magnetic path = image height
u r

object height
Hence radius of the circular path in which the image moves is 8 cm.
Given magnetic field = B, Pd =V, mass of electron = m, Charge =q,

:>r':xrz>r’:3—§><4:80m.

Let electric field be ‘E’ .".E = % Force Experienced = eE
Acceleration = £E = £E Now,V°=2xaxS [+ x=0]
m Rm
V= \/2><e><V><R _ \/2ev
Rm m
Time taken by particle to cover the arc = 2rm _ Znén
e

Since the acceleration is along ‘Y’ axis.
Hence it travels along x axis in uniform velocity

2
Therefore, "= v x t= /Zem , 2rm _ [8n°mV
m eB eB?

(a) The particulars will not collide if

X
d:r1+r2 X X
:me+me x—2 5 x <m_x
aB qB m v v —4a
X +——g— X
:d:%:vm:q_e’d
qB 2m
V,
byv=-"
(b) >
Bd ) _d E v 4
dy =1y +ry=2| XL ) = & min. dist) '
2x2mxqB 2 p d N

d¥
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Magnetic Field

46.

47.

48.

49.

Max. distance d,’ =d + 2r=d + g = 3_;
(c)V =2Vn
n'= MzVy _ Mx2xdBd : r, =d - Thearcis 1/6
qB 2nxgB
(d) Vi, = @
2m

The particles will collide at point P. At point p, both the particles will have motion m in upward direction.
Since the particles collide inelastically the stick together.

Distance | between centres = d, Sin 6 = ZL
r

Velocity upward =v cos 90 -0 =V sin 6 = le gy
r iy
P

mv mv
—— =qVB=>r= —
r gB

gb
Hence the combined mass will move with velocity V,,
B=0.20T, v="? m=0.010g=10°kg q=1x10°C
Force due to magnetic field = Gravitational force of attraction
So, quB =mg
=1x10°xypx2x10"=1x10°x9.8
_9.8x107°
o= 227V
2x10°°

r=05cm=0.5x%x10"m
B=04T, E =200 V/Im

=49 m/s.

The path will straighten, if qE = quB = E = @

. _ mv
1= o]

rqB?

:)E:_jﬂzi 200
m m

B 0.4x0.4x0.5x102

= 2.5 x 10° c/kg

Mp=1.6 x 107 Kg

v=2x10°m/s r=4cm=4x107°m

Since the proton is undeflected in the combined magnetic and electric field. Hence force due to both the
fields must be same.

i.e.qgE =quB = E=vB
Won, when the electricfield is stopped, then if forms a circle due to force of magnetic field

We know r = mv
- B
1.6x107%" x2x10°
2 _
=4x10°= 16x10"xB

1.6x107 x2x10°
=B= 42,102x1.6x102° =05x107"=0.005T

E=uB=2x10°x0.05=1x 10" N/C
q=5uF=5x10"°C, m =5 x 10 kg, V=1km/s =10°m/
6 = Sin™ (0.9), B=5x10"°T

mv' _ mvsin® _ 5x107x10°x9

We have mv’ = qv'B r= — =

= = 3 = 0.18 metre
aB aB 5x107° +5x10° +10
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50.

51.

52.

53.

Hence dimeter = 36 cm.,

21.'rr VCoSO = 2x3.1416 x0.1x+/1-0.51
vsino 0.9
The velocity has a x-component along with which no force acts so that the particle, moves with uniform velocity.
The velocity has a y-component with which is accelerates with acceleration a. with the Vertical
component it moves in a circular crosssection. Thus it moves in a helix.
B =002T Mp= 1.6 x 10" Kg
Pitth=20cm=2x10"m
Radius=5cm=5x107m
We know for a helical path, the velocity of the proton has got two components 6, & 6
me 1.6x107%" x0,
1.6x107 x2x1072

_ 5x102x1.6x1071°x2x1072

Pitch = = 0.54 metre = 54 mc.

Now, r = =5x107=

=0, ~ =1x10°m/s
1.6x10"
However, 64 remains constant
T= 2tm
gB
_ Pitch

Pitch = 64 XT or, 64 =

_ 2x107t
H= —27
2x3.14x1.6x10
Velocity will be along x — z plane

x1.6x107*° x2x1072 = 0.6369 x 10°= 6.4 x 10* m/s

B = —Boj E =Eo k
F=q [E+VxB)=q [Eok+ (Ui +uk)(Boh)] = (aBo K~ (u,Bo K+ (u,Bo i 8 ¢
Fz = (qEO - UXBO) -
Since u, = 0, F, = qE, E .
E E v
—a,= 30 50,2 =12+ 2as = * = 2950 7 [distance along Z direction be 7] v
m m
=V= ﬁ
V" m
The force experienced first is due to the electric field due to the capacitor
Vv _ . . . .
9 F=eE Vv T
a= eE [Where e— charge of electron me — mass of electron] L4 .
M. ! . . .
2xexVxd . . . B . . .

ek
vi=u?+2as o> v’ = 2x—xd =

me
2eV
orv = /
me

Now, The electron will fail to strike the upper plate only when d is greater than radius of the are thus formed.

dm,

m. x 2eV
ox |2V
m J2m_ Vv
or,d > C =d> °
eB eB?
t=niAxB
=1=niABSiN90°=0.2=100x2x5x4x 10" x B
B= 02 =0.5Tesla

T 100x2x5x4x107
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54.

55.

56.

57.

58.

59.

n=50,r=0.02m

A =1 x (0.02), B=0.02T

i=5A, p=niA=50x5xnmgx4x10"

T is max. when 6 = 90°

T=pxB=pBSin90°=pB=50x5x3.14x4x 10" x2x 10" =6.28 x 10> N-M

Given 1 = (1/2) Tmax

= Sin 6 = (1/2)

or, 6 = 30° = Angle between area vector & magnetic field.

= Angle between magnetic field and the plane of the coil = 90° — 30° = 60°

1=20cm=20x10°m

B=10cm=10x1072m

i=5A, B=02T D C

(a) There is no force on the sides AB and CD. But the force on the sides B
AD and BC are opposite. So they cancel each other.

(b) Torque on the loop
t=niAxB = niAB Sin 90° E
=1x5x20x107x10x10720.2=2x 10=0.02 N-M A
Parallel to the shorter side.

n =500, r=0.02 m, 06 = 30°

i = 1A, B=4x10"T

i =p x B=p B Sin30° = ni AB Sin 30°

=500x1%x3.14x4x10*x4x10" x (1/2) =12.56 x 10> = 0.1256 = 0.13 N-M

(a) radius =r

Circumference = L = 2nr

T1=iAxB = B
4n
(b) Circumfernce =L

4S=1L DS:£

4
2 _ |_2

16

T=iAxB = LB

16

Edge =, Current =i Turns=n, mass = M |
Magnetic filed = B }
T =uB Sin 90° = uB I
Min Torque produced must be able to balance the torque produced due to weight < 2

Area=S°= (E
4

Now, B = t Weight [ -
— I S 2o I _ug
B= — nxix|"B= — B= —=
u HQ(ZJ = HQ[ZJ = onil
_ 9 _ q _ Qo
a)i=— = =
@ t (2n/03i 2n
2
(b)u:nia:iA[-'-nzl]:M:ﬂ
21

2 2
©u= qmzl’ ,L:I(o:mrz(o, %: qor :izp:[iJL




Magnetic Field

61.

60. dp on the small length dx is iz 27x dx.
nr
di= q2n>2<dx _ q2n2dew _ q—“;xdx
nrt nreq2n mr
du=ndiA=diA= quzdxnxz
nr
n r 47" 4 2
_ _ (00 3, _ qo|[X"|_ gqor" _ qor
= |du = | =x%dx = —|—| = =
o= =[S0 = 820 2 -
l=Tw=(1/2) M o [. M.I. for disc is (1/2) mr?]
2
E:L :E:izu:il
| [1) ) | 2m 2m
4x| = mro
2
Considering a strip of width dx at a distance x from centre,
dq= —3 4nx2dx
S
3
gi= 99 _ gdnx?dx _ 3gx?dxo
a4 - 3
dt [4JRR3t R°2n
3
. 3gx2dxo o2 849 4 g
dp=dixA= ———— x4nx"" 3
R*2n
K R 5 5
B (69w 4 _6go|x* | r_6qoR” 6 2
u—fdu—f—R3 x" dx G =5 - Squ
0 0 0
EN N N
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CHAPTER - 35
MAGNETIC FIELD DUE TO CURRENT

F:qﬁxéor’B:L:i: N — N
qu ITv A.sec./sec. A-m

_ 2B _ mxN N
B A2

= Kol

or, =
2nr Ho= ™ A-mxA A

i=10A, d=1m

Z axis

Along +ve Y direction. im
d=1.6 mm

So,r=0.8 mm = 0.0008 m

i=20A

; -7 l
_ Hol _ 4nx107" x20 —5x10°T=5mT r

s 2mr 2xmx8x1074
i=100A, d=8m

B

. 100 A
B= H_OI
2mr
_ 4nx107" x100
- 2xmx8
Lo = 4m x 107" T-m/A

r=2cm=0.02m, I=1A, B=1x10"T

8m
=25uT

Pe

- . . . |

We know: Magnetic field due to a long straight wire carrying current = ;—0 T
nr

- _ 4nx107" x1

BatP
21t x0.02 2

netB=2x1x10"T=20pT Q.
BatQ=1x 10" T downwards
Hence net B =0

J
=1x10°T upward T ®

Cl

!

(a) The maximum magnetic field is B +;—°I which are along the left keeping the sense along the
nr

direction of traveling current.
- pol
(b)The minimum B ~ o \ Hol 4

2nr i

Ifr:”—oI Bnet=0
27B

T r

r<”—OI Bnet=0

2nB

% Bnet=B —;—f;
Lo = 4m x 107" T-m/A, 1=30A, B =4.0 x 10~ T Parallel to current. -
B due to wore at a pt. 2 cm -
_ ol _4mnx107" x30

= B0 _FRA2Y 7YY —3x107'T - - - - -
2nr 21 x0.02

r>

w
III
N
o
X
(PN
o
IS
—

net field = \/(3x10*4)2+(4x10*4)2 =5x10°"T 30A
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Magnetic Field due to Current

10.

11.

i=10A. (K)
B =2x 107 T South to North (J)

To cancel the magnetic field the point should be choosen so that the net magnetic field is along -J
direction.

.. The point is along -1 direction or along west of the wire.

_ Bl
2nr
2100 41x107" x10
2T X I
-7
=r= % =10°m=1mm.
X

Let the tow wires be positioned at O & P
R =0A, = 1/(0.02)% +(0.02)2 = Y8x10™ =2.828 x 1072 m
— -7
(@) B dueto Q,atA; = Anx10 <10 _ 1x 107 T (Lr towards up the line)
21 x0.02

-7
duetoP,atA; = M

(sv]]

=0.33 x 107 T (Lr towards down the line) 4
21 x0.06 2cm
¥

net B=1x10"-033x10"=067x10"T o &
2x1077 x10 Au As A
~ y |
(b) B dueto O atA, = ool =2x10*T Lr down the line

~ -7
B duetoP atA, = % =067x107"T Lr down the line

net B atA, =2x10*+0.67x10%=2.67x10" T
(c) B atA;duetoO=1x10"T Lr towards down the line
B atAsduetoP=1x10"*T Lr towards down the line
Net B atA;=2x 10T
2x107" x10
2.828x1072
B atA,duetoP=0.7x10"T towards SW

®

(d) B atA,dueto O = =07x107"T towards SE

Net B = \/(O.7><10'4 f+07x10%F =0.989 x10% =1 x 10T
Cos =%, 0 =60° & ZAOB = 60°

Cpol 107 x2x10 _ 4 O
B=-L =———-—=10"T 2.cm/Ne cm

So net is [(107)? + (107 + 2(10®) Cos 60°]"?
=101 +1+2x%]"2=10" x Y3 T=1732x107*T AE B
(a) B for X = B for Y

Both are oppositely directed hence net B=0
(b) B dueto X = B due to X both directed along Z—axis C11) e D)
2x107" x2x5

Net B = =2x10°T=2uT

(c) B dueto X = B due to Y both directed opposite to each other. (-1, -1) o (1,-1)
Hence Net B =0

(d) Bdueto X = B dueto Y =1 x 10°° T both directed along (-) ve Z-axis
Hence Net B =2x1.0x10°=2uT
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Magnetic Field due to Current

12. (a) For each of the wire
Magnitude of magnetic field
= Mol (Singse s sindse) = o> 2
4nr 4nx(5/2) 2
For AB ® for BC ® For CD ® and for DA ®.
The two ® and 2® fields cancel each other. Thus Bpe; =0
(b) At point Q,

Kol _ 4nx5x2x1077

4 3
Q1 Q2
& D A
52 T
4 P 5cm
50212
B
Q3/C‘ \ Q4

=(4/3)x10° ®

=(4/3)x10° ®

dueto (1) B = s = — =4x107° 0@
2nx2.5%x10" 2nx5x10~
; -7
due to (2) B = Mol _ Anx5x2x10
27 x(15/2)x10" 2nx15%x10"
; -7
due to (3) B = Lol = 47:><5><2><1O2
2nx(5+5/2)x10" 2nx15x10"
: -7
dueto (4)B = Hol > = 4nX5X2X102 =4x10°®
2nx2.5%x10" 2nx5x10~
Bret = [4 + 4 + (4/3) + (4/3)] x 10° = % x10°=106x10°=11x10"*T
At point Q,
due to (1) “—Olz
21t x(2.5)x10"
due to (2) Hol >
2nx(15/2)x10~
due to (3) “—Olz
21t x(2.5)x10"
due to (4) Hol .
2nx(15/2)x10"
Bhet =0
At point Q3
-7
due to (1) —2%x10 x5 - =4/3x107° ®
2nx(15/2)x10"
-7
due to (2) M =4 x 1075 ®
2nx(5/2)x10~
-7
due to (3) M =4 x 1075 ®
2nx(5/2)x10~
-7
due to (4) —2Tx10 x5 - =4/3x107° ®
2nx(15/2)x10"
32

Bret = [4 + 4 + (4/3) + (4/3)] x 107° = 3 10°=106x10°=1.1%x 10T

For Q4
due to (1) 4/3 x 10°°
due to (2) 4 x 107
due to (3) 4/3 x 10°°
due to (4) 4 x 107
Bnet =0

®
®
®
®
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Magnetic Field due to Current

13.

14.

15.

Since all the points lie along a circle with radius = ‘d’
Hence ‘R’ & ‘Q’ both at a distance ‘d’ from the wire.

So, magnetic field B due to are same in magnitude.
As the wires can be treated as semi infinite straight current carrying
conductors. Hence magnetic field B = Tol
4nd
At P
B;dueto1lisO
B, dueto 2 is ol
T
AtQ
B,duetolis ol
4nd
B,dueto2is0
AtR
B, dueto1lisO
B,dueto2is ol
4m
AtS
B;dueto1is ol
4nd
B,dueto2is0
B= "% 2sing
nd
_ Tl 2xX _ HoiX

_47td 2 2
2><\/d2+x— 4nd\/d2+x—
4 4

(&) When d >> x

Neglecting x w.r.t. d
B = HolX  _ MoiX
wcd\/di2 pnd?
i 1
LB d—2
(b) When x >> d, neglecting d w.r.t. x
_ _MolX  _ 2pi
4ndx/2  4nd
L Ba l

I=10A, a=10cm=0.1m

3

r=0P= 73><01m

B = Mol (Sing, + Sing,)
4pr

_ 1077 x10x1 _ 2x107°

1.732
@xo.l

=1.154 x 10° T=1154 uT

A\

«— X —>
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Magnetic Field due to Current

16 B]_: HO' , Bz— “'0 (2 Slne) 2Xf — uolf
2nd TEd [2 42 ed
2,/d®> +—  4nd,|d® +—
4 4 i .
. . . -— | —
B,—B,= 1 B, Bol Holf — _ Ko

=
100 2nd /2 200nd
4nd,[d? +

I Ho' 1
, ., gz nd 2 200
4nd,/d

=3.92

2 (9%4)2_ 156816
= /2

- l _ 99
, /2 200 5 0 200 40000
4.d% +— d+——
4 4

~P=392d+ 3%242

2
(1 392) =392 50026 =392 = 5 = 22 = 0= [0 =007

17. Asresistances varyasr & 2r
Hence Current along ABC = é & along ADC = 33

Now,

B due to ADC = 2{

poix2x2x\/§} _ Z\E;,loi

4n3a 3na

uoix2x\/§1 _ 2\/§u0i c |

B due to ABC = 2
4n3a 6ra D|

g - 2’\/5”0' _ 2’\/5”0' — \/§H0| \\\ E 3a/a

Now B N
3na 6ra 3na a B

18.

_ |a? a2 _\/Sa2 a5 i |- a4
Ao —_—t— = > L

16 4 16 4 A an a2 B

_|(3a)’ (aY _\/9a2 a® _\/138.2 _ ay/13
Do= | — | #+|=| =4]—+— =4—— =

4 2 4
Magnetic field due to AB

_ Mo i - N
Bag = — x———(Sin (90 — i) + Sin (90 —
AB an x 2(6/4) ( ( ) ( @)
HOXZIZCOSQ _ po><2|><2>< (a/2) _ 2
4ma 4ma aW5/4) w5

Magnetic field due to DC

B o, 1 5gin90c—B
P 4x " 2(3al4) ( )

_ u0|><4><2C0SB _ Mo N (a/2) __ 2pl

4nx3a nx3a (V13a/4) ma3y13
The magnetic field due to AD & BC are equal and appropriate hence cancle each other.
2ugl  2ugl _ 2

/5 naSF na L/g 3\/11_3 }

Hence, net magnetic field is

35.5



Magnetic Field due to Current

19.

20.

21.

22.

B duetBC &
B due to AD at Pt ‘P’ are equal ore Opposite

Hence net B =0
Similarly, dueto AB& CD atP =0

. The net B at the Centre of the square loop = zero.

ForAB Bisalong® B= ;‘—‘”(Sinem +Sin60°)
r

T
ForAC B ® B = 2 (sin60° + Sin60°)
4nr
ForBD B ® B = 1o (sing0°)
4nr
ForDC B ® B = 2 (sing0°)
4xr
.. NetB=0

(a) AABC is Equilateral
AB=BC=CA=1{3

Current =i
AO = ﬁa: ﬁxg :—Z
2 2x3 243
¢1 = ¢ = 60°
So,MO= —— asAM:MO=2:1
6v3

B due to BC at <.

= Zl—ol(sind)l+8in¢2) = i—olxix6\/§x\/_ - Holx9
mr

o 2nl
net B = Mol 5 - 27kl
2nl 4194
- _ H0|X8 _ 8\/5},[0'

b) B due to AD = J_ =
() 4rx/ 47l

4l 194
Sin (/2) = -

X

= r=xSin (a/2)
Magnetic field B due to AR

Hol [5in(180 - (90 - (. /2))) + 1]
4nr
RoilSin(90 — (au/ 2)) + 1]
A7 x Sin(a. / 2)
_ oi(Cos(a/2)+1)
~ 4nxSin(a/2)
_ uoi_zc:os“(a 14) _ Mol o (o] 4)
4nx 2Sin(a/ 4)Cos(a/4)  4nx
The magnetic field due to both the wire.

200l 10/ 4) = Ho cot(o/ 4)
47X 21X

B D

2i

<

C
B o) C
B C
45%45°
/8
A D
C
r
a/2
o2 X
B
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Magnetic Field due to Current

23.

24.

25.

26.

27.

BAB D c
Hoix 2 < 2Sin0 = 1oiSind
4nb b1 99
il _ = e 2 i (112) _ IBZIR
= ———— = BDC - Sin (£° +b) = = N
by 2 + b2 Vi 1a+b?14 2 4b? . o
_ [
BBC
Holx2 5 osing = MY gig- B2 b
4nt nt ViZravb2/4 2 +p?
— Holb - R
= ———— = BAD
% +b?
NetB = _ 2ol . 2ugb _ 2u0i(¢% +b?) _ 2ueiV 0% +b?
V2 +b? a2 +b? by + b2 nlb
20= 2% 9= T, r= 20
n n
Tan6= — = ‘
2X 2Tan6
Lo /9&9\
2 n A 5
. . : |
Bag = Woi (Sin0 + Sind) = Boi2Tand x 2Sind —1r—
47n(X) Anl
_ ol2Tan(n/n)2Sin(z/n)n _ pginTan(x/n)Sin(z/n)
4n2nr 2n%r
For n sides, By, = uolnTan(n/;\)Sln(n/n)
2n°r |
Net current in circuit =0 ! | | .p
Hence the magnetic field at point P =0
[Owing to wheat stone bridge principle] |
Force acting on 10 cm of wire is 2 x10™> N I {
dF _ uohip
dl 2nd
2x107° _ gy x20x20
10x1072 2nd .
-7 -2
—d= 47 x10 ><20><20><510><10 — 400 x 102 = 0.4 m = 40 cm
2nx2x10"
i=10A
Magnetic force due to two parallel Current Carrying wires.
F= Holylp
2mr
So, Forl=Fby2+F by3 @)
o x10x10  pyx10x10 T
= -t - 5cm @
2nx5x10 21t x10x10
_ 4nx10*7x10x10+4nx10*7xloxlo ©)
2nx5x1072 2nx10x1072
-3 -3 -3
- 2x107 107 _ 3x107 _ 45,10 N towards middle wire

5 5 5
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Magnetic Field due to Current

29.

30.

31.

32.

Lol peid0
21X 27(10 — x)

|
'
: .
A
]
|
'
[
'
'
|
|

10 40 1 4 10A 40 A
_ = = — =
X 10-x X 10-Xx
= 10-x=4x=5x=10=>x=2cm
The third wire should be placed 2 cm from the 10 A wire and 8 cm from 40 A wire.
Fas = Fcp + Fer 10 B
_ Hox10x10  ppx10x10 A -
2nx1x107%  2mx2x1072 ® c 10 D Il om
=2x10°+10°%=3x10"° downward. 1
E
Fep = Fag + Fer g F
As Fap & Fer are equal and oppositely directed hence F =0
% =mg (For a portion of wire of length 1m)
T
. F
:L%:lx]_o“‘xg_g
2nx5x10"
- 4nx10*7x5§i2 - 9.8x 10 mg
2nx5x10" —
=2xi;x10°=9.3x10°%x 10"
=i, = g—fxlo‘l =0.49 A
12 =6A
L=10A
Feq S R
‘F on dx = Holglp dx = Holglp dX _ Hox30 dx |
21X 2 X T X '
- P
Foo = “°X3OI X~ 30 x4 x 107 x [log];? Al ) © P
X 1 X 10
=120 x 10" [log 3 — log 1] X
Similarly force of Frg =120 x 10™" [log 3 — log 1] P Q
- - 1cm <+ X —»
S0, Frg = Fis
'Eps - _HoX iy po X4y

2nx1x107% 2mx2x1072
_ 2x6x10x107" 2x107" x6x6
1072 2x1072
Mo Xhly — pg Xy
2rx3x107? 2nx2x1072
_ 4nx10'x6x10 4rnx107' x6x6
2nx3x1072 2nx2x1072

Net force towards down
=(84+7.6)x10*=16x10"*N

=84x10*N (Towards right)

FRQ =

=4x10*+36x10°=76x10*N

B=0.2mT, i=5A, n=1, r=2?
_ Nl
T
_ Nxpgi _ 1x4nx107' x5

2B 2x0.2x1073

=3.14x5x10°m=157x102m =157 x 10" cm = 1.57 cm
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Magnetic Field due to Current

33.

34.

35.

36.

37.

38.

2r
n=100, r=5cm=0.05m
B=6x10"T

_ 2B _ 2x0.05x6x10° _ 3
Nig 100 x 41 x10~’ 6.28
3 x 10° revolutions in 1 sec.

x 107 = 0.0477 = 48 mA

1 revolutions in

3x10° see

-19
o9 _16x10

t ( 1 J
3x10°

H -7 -19 5
- H_OI - 4nx107°.16x1073x10 2TC><1.6><3X10,11: 6.028X10_10=6x10_10T

2r 2x0.5x107%0 0.5
| =i/2 in each semicircle

B

ABC=B = EXL('/Z) downwards o2

2 2a A D
ADC = B = Ly Ho(/2) upwards i/w

2 2a 5
Net B =0
rr=5cm r, =10 cm
n, = 50 Ny, = 100

_ 50><4TE><10_7><2+100><4TE><10_7><2
2x5x1072 2x10x1072
=4rx 10 + 4 x 10 = 8x x 107

(b) B = nll’l'Oi _ nZHOi —

i=2A
(@) B = it Mokl @
2r; 2r,

2 2r,
Outer Circle
n=100, r=100m=0.1m
i=2A
; -7
B = Mol _ 100x4nx10 x2 _ g horizontally towards West.
2a 2x0.1
Inner Circle
r=5cm=0.05m, n=50, i=2A
~ ; -7
B = Mol o 4mx10 x2x80 _ ;0 g4 downwards
2r 2x0.05
Net B :\/(4n><10_4)2 + (4nx10-4)2 = ¥327° x10® =17.7x10*~18x10*=1.8x10°=1.8mT
r=20cm, i=10A, V=2 x10°mis, 0 =30°

F=e(VxB)=eVBSino
=1.6x 107 x 2 x 10° x ;—0' Sin 30°
r

_1.6x1079x2x10% x4nx1077 x10

=16nx 10°° N
2x2x20x1072
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Magnetic Field due to Current

39.

40.

41.

42.

43.

44,

45.

5 _ Hol
B Large loop = —
g p R
‘i due to larger loop on the smaller loop

. . . . 1
=i(A x B) =i AB Sin 90° = i x ur® x K0

2r
The force acting on the smaller loop
F=ilBSin6
_ i2mrppIl _ pgilmr
- 2Rx2 R
i =5 Ampere, r=10cm=0.1m

As the semicircular wire forms half of a circular wire,
; -7
So B = LHo _ 1 4nx107x5
2 2r 2 2x0.1
~16x10°T=16x10"T
g = Hol 0 _ 2n  pol

2R2r 3x2n 2R

-7
_ 4nx107" x6 = 4r x 10°°

6x1010"
=4x314x10°=1256%x10°=1.26x10"°T

10 cm

1
[EEN
o
~

©X
[EnY
<
o
—
U

B due to loop ¢!
2r

Let the straight current carrying wire be kept at a distance R from centre. Given I = 4i
Hol _ poxdi

2nR 2nR

Now, the B due to both will balance each other

}/l_ol = —u04l =R= 4

2r 27R T
Hence the straight wire should be kept at a distance 4x/r from centre in such a way that the direction of current

B due to wire =

SOV E

Hence

in it is opposite to that in the nearest part of circular wire. As a result the direction will B will be oppose.

n=200, i=2A, r=10cm=10x 107°n
; -7
(@)B = Npol _ 200x4nx107" x2 _ 2 x 4 x 107
2r 2x10x1072
=2x4x314x10%=2512x10*T=2512mT
a2 ; 2
_ Ngia Nuoi _ Nugia
byB= — 0 = =
( ) 2(a2 + d2)3/2 4a 2(a2 + d2)3/2
i _ a2 - (az +d2)3/2 233 —al+di= (2a3)2/3
2a 2(a2 + d2)3/2
- a.2 + d2 — (2113 a)2 - a2 + d2 :22/3a2 - (10—1)2 + d2 — 22/3 (10—1)2

=107 +d*=2°107 = @0%)2"°-1)=d* =10 @"-1)=d
=10%15874-1)=d* = d?’=107x0.5874

=d=+v102x0.5874 =10 % 0.766 m = 7.66 x 1072 = 7.66 cm.

At O P the B must be directed downwards lo
We Know B at the axial line at O & P '

ia2 3cm=0.03m
= M@ a=4cm=0.04m l

2(a2 + d2)3/2

| P
-7
_ 47 x10 x5xg/.(2)016 d=3cm=003m T
2((0.0025) 3cm
=40x10°=4x10°T downwards in both the cases l
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Magnetic Field due to Current

46.

47.

48.

49.

50.

q=3.14x10°C, r=20cm=0.2m,
-6
w = 60 rad/sec., j=d-314x107x60 _) o195
t 2nx0.2
X
/12
Electricfield _ 4ne, (x2 + a2)3 _ xQ y 2(x2 +a’
Magnetic field poia’ Ane, (x2 4 a2)3/2 woia®
/
Z(a2 + x2)3 2

_ 9x10°x0.05x3.14x10°x 2

" 47x1077 x15x107° x (0.2)2

_ 9x5x2x10®° _ 3

T 4x13x4x1072 8

(a) For inside the tube B=0
As, B inside the conducting tube = o

(b) For B outside the tube

”:—Hoi :_p,oixzzu_oi
2nd 2n3r 2mnr
(a) At a point just inside the tube the current enclosed in the closed surface = 0.
0
ThusB = 22 =
A

(b) Taking a cylindrical surface just out side the tube, from ampere’s law.
Hol

2nb

i is uniformly distributed throughout.

Mo i =B x 2nb =>B=

x ma’ = E =1
b? b?
Now according to Ampere’s circuital law
OBxdf=Bx2xgxa=pol

_ ia? 1 pgia
7B 2 T o
(@r=10cm=10%x1072m
Xx=2x107m, i=5A
i in the region of radius 2 cm
__ 5
(10 x1072)?
B x 1 (2 x 107%)* = puo(0-2)
_ 4nx107'x0.2 _ 0.2x1077
T ax4x10* 1074
(b) 10 cm radius
Bxn(10x107%)°=pyx5
_ 4nx107" x5
- nx1072
(c)x=20cm
Bx 1 x (20 x 107%)% = o x 5

1o x5 _ 4nx107" x5
7x(20x1072)2  7x400x10°4

So, ‘i’ for the part of radius a =

xm(2x107%)? = 0.2 A

—B =2x10"

—B =20x107°

=5x107°
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Magnetic Field due to Current

51. We know, J.Bx dl = poi. Theoritically B=0atA

If, a current is passed through the loop PQRS, then

B=—to' il existin its vicinity.

2(/ +Db)

Now, As the B at A is zero. So there’ll be no interaction

P Q
M1
LI
R S
— bl—

However practically this is not true. As a current carrying loop, irrespective of its near about position is

always affected by an existing magnetic field.
52. (a) AtpointP,i=0, ThusB=0

(b) AtpointR,i=0,B=0

(c) At point 6,

Applying ampere’s rule to the above rectangle

P

—~—>

| FONONONMONONONONO)

0

(R QR

|
BXZI:uOKOJdI [@
[o]

K Bb ,Ba
DBXZI:pokI:B:%

|
B x 21 = oK, J.dl
o]

k
:BXZI:uokI:B:% o
Since the B due to the 2 stripes are along the same

direction, thus. BC

_ KoK | pok _
B = £0%  Po% _ kK ¥ ® ® ®
net 2 2 Ho [¢] D

53. Charge =q, mass = m
We know radius described by a charged particle in a magnetic field B
mv
B
Bit B = oK [according to Ampere’s circuital law, where K is a constant]
= MU gk

Ok m
54. i=25A, B:3.14X1072T, n="2?
B= uoni
=314%x10°=4x1x107"nx5
-2
n= Lﬂ = 1,10* = 0.5 x 10" = 5000 turns/m
20x10 2
55. r=0.5mm, i=5A, B = ugni (for a solenoid)

Width of each turn = 1 mm = 10°m

No. of turns ‘n’ = —+ - = 10°
10~

S0,B=4nx10" x10°x5=2xx10° T

56. $ =0.01Qin1m, r=1.0cm Total turns = 400, £=20cm,

B=1x1072T, n:ﬂ2
20x10~

_E__ B :
Ry Ry /1x(2nr x400)  0.01x2xmx0.01x 400
B= p,oni

turns/m
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Magnetic Field due to Current

57.

58.

59.

60.

61.

400 E
20x1072 400 x 21t x0.01x1072
_ 1072 x20x107? x 400 x 21 x10720.01
- 47x1077 x 400

=10°=4n x 107 x

=E =1V

aZindx

Current at ‘0’ due to the circular loop = dB = Ho
4m 2732
2 (1
a“+|—--x
2

B
... for the whole solenoid B = de
0

o noanidx
B J.o 57302
5] '
4n a“ + E —X ni dx
U/2)-x
_ Mohi ! a? dx _ Mohi ! dx _ 2x ) b2
= J = J =1+|0-—
4r Jo ox 27312 4ra Jo ox 2732 2a
ad|1+| -2 I/ —
2a 2a
i=2a,f=10%revisec, n=2, me = 9.1 x 10" kg,
0e = 1.6 x 10 c, B:uoni:n:i
Kol
8 -31
_ 9B ~B= f2mm, —n= E _ 1‘27tmfe _ 10 l>;9.1><10 i — 1421 turns/m
2rmg de Mol Jelol 1.6x1077 x2x107" x 2A
No. of turns per unit length = n, radius of circle =1/2, current in the solenoid =i, m
Charge of Particle = q, mass of particle = m .. B = pgni
2 . .
Again TV° = que = v = 9B _ QroNil _ poniar
m 2m 2m
No. of turns per unit length = {
(a) As the net magnetic field = zero
Bplate = Bsolenoid
Bpiate X 20 = pokdl = poke
- ok ~ _ .
Bplate :% (1) Bsolenoid = Honi -..(2) Bc Ba
Equating both i = HTok
(b) B, x £ = pkt = Ba=pok BC =gk
B= \/Ba2 +BC2 = \/z(uok)z = \/Euok Lloni
® ® ]
2 ok = poni i= RELS A ¢
n
C =100 pf, Q=Cv=2x10°%C, t=2sec,
V=20V, V=18V, Q'=Cv=18x102°C,
_ ’ -4
Q= QtQ = ZX;O =107 A n = 4000 turns/m.

L B=poni=4n x 107 x 4000 x 10 =16 x 10 T

Foohohohn
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CHAPTER — 36
PERMANENT MAGNETS

m = 10 A-m, d=5cm=0.05m
-7 -2 N
p= oM _ 107 x10 _10° _ 4,10 Tesha | Ls
Amy (5 Xlofz)z 25
m; =m, =10 A-m
r=2cm=0.02m
we know
-7 2
Force exerted by tow magnetic poles on each other = 0 mm, _ 4nx10 " x10% _, 5, 102N
4 r? Anx4x107%
=— ‘;—‘; =dv=-Bdl=-02x10°%x05=-0.1x10"T-m
Since the sigh is —ve therefore potential decreases.
Here dx =10 sin 30°cm =5cm
av _p_ 01x10° T-m
dx 5x1072 m
Since B is perpendicular to equipotential surface.
Here it is at angle 120° with (+ve) x-axis and B = 2 x 10T
B=2x10"T
d=10cm=0.1m v
(a) if the point at end-on postion. . 0.LA0*T-m o 04T
hp 2M Y 107 x2M o
=== =2x107 = ————
4n d (107) 0.2x10™ T-m B X Incm
2x 1074 y 1073 , 0.4x107" T-m
> ————=M=M=1Am
107" x2
(b) If the point is at broad-on position
-7
Bo Moo= 10 M oo am?
4n d3 (1071)3
Given :
0=tan" V2 =tan0= 2 = 2=tan’0
=tan6=2coto = ? =coto
We know ? =tan a
[ |
Comparing we get, tan o = cot 6 s N
or, tan o = tan(90 — 6) ora=90-6 oro+a=90
Hence magnetic field due to the dipole is Lr to the magnetic axis.
Magnetic field at the broad side on position :
p=to_ M __ 20=8 om d=3cm
4n (d2 + EZ)S
-7 -2 -9
. Ax10°= 107" xmx8x10 _ . Ax 107 = 10 /2><m><8
(9 x1074 +16 x 10—4)3 (10—4)3 +(25)%'2
-6 -8
m = 4x107° x125x10 _ 62.5x 10° A-m

8x107°
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Permanent Magnets

8. We know for a magnetic dipole with its north pointing the north, the neutral point in the broadside on

position. X
Again B in this case = ”(’_MB -~
47d
M .
Ho 3 = By dueto earth
4nd I
d
-7
R T
d3
_7 |
L 107x14a g0 :
d3
=d*=8x10"°

=d=2x10"m=20cm
In the plane bisecting the dipole.
9.  When the magnet is such that its North faces the geographic south of earth. The neutral point lies along
the axial line of the magnet.
Mo 2M _ 18 x 106 = 107" x2x0.72 —18x10°= d° = 2x0.7x107"
4rn ¢° RE 18x10°°

9 \U/3
:d:[%] =2x10"'m=20cm [ s » N| —

10. Magnetic moment = 0.724/2 A-m? = M
_ Mo M -
B= —— By =18 uT
an 48 H p
W s

_ 4nx107x0.72Y2 _ o o 4
Anxd® T
_ 0.72x1.414x107’
~ 18x10°°
=d=02m=20cm
11. The geomagnetic pole is at the end on position of the earth.
o 2M _ 107" x2x8x10%

B= Mo M _ ~60 x 10° T =60 uT d
4r d* (6400 x10°)® g Ij

12. B=34x10"°T

=d? = 0.005656

Given 2o M _ 34,107
4 3

T R
-5 3
- M= 3'“10 ;;F; AT - 34x102R?
T X
B atPoles= Mo 2M _ _ggx10°T
n RS
13. §(dip) = 60°
By = B cos 60°
=B=52x10°=52uT
By =B sin § =52 x 10°° g =44.98 uT =45 uT

14. If 3, and &, be the apparent dips shown by the dip circle in the 2_Lr positions, the true dip & is given by
Cot® § = Cot” 8, + Cot’ 8,
= Cot’ 3 = Cot’ 45° + Cot” 53°
= Cot’ 5= 1.56 = & = 38.6 = 39°
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Permanent Magnets

15.

16.

17.

18.

19.

20.

in
We know By = Holh

2r
Give:By=3.6x10°T 0 = 45°
i=10mA=102A tan0 =1
n="2? r=10cm=0.1m

o= B tangxzr _36x10"° x72x1xio*l = 05732 x 10° = 573 turns
Kol 4t x107" x10~
n=>50 A=2cmx2cm=2x2x 10 m?
i=20x 102 A B=05T
v = ni(A xB) = niAB Sin 90° = 50 x 20 x 10 x 4 x 10 x 0.5 = 2 x 10™* N-M
Given 0 = 37° d=10cm=0.1m
We know

2 )2y2 4
M = ﬂutane = ﬂ><d—tan9 [As the magnet is short]
By Ho 2 Ho 2d

3
= A (0'21) xtan37° = 0.5x 0.75x 1 x 107 x 10" = 0.375 x 10* = 3.75 x10° A-m* T*

" 4nx1077

Bﬂ (found in the previous problem) = 3.75 x10° A-m* T
H

6 =37°, d=7?
M AT 2 4 2)32 tano
= Ho
f<<d neglecting £ w.r.t.d

M _ 4z 3 3 _ 1 3
= — = —d°Tand = 3.75x 10" = 7><d x 0.75

H Mo 10~

3 -7
= 3.75x10° x10 —5x 10
0.75

=d=0.079m=7.9cm

Given M = 40 A-m?/T
Bu
Since the magnet is short '’ can be neglected

3
SO’M:ﬂXd_ =40 <o>
By Mo 2

_ 40x4nx107" x2
- 4n
=d=2x10"m=2cm
with the northpole pointing towards south.
According to oscillation magnetometer,

I
MB,

n 1.2x107*
- — = 2n1/—

10 Mx30x10°°
( 1 jz . 1.2x107

20) ~ Mx30x10°°

_ 1.2x107* x 400
30x107°

=d =8x10°

z—o

T=2n

=16 x 10° A-m? = 1600 A-m?
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Permanent Magnets

21. Weknow: v = 1 |mBy

2n I

For like poles tied together I ~—s]| [s—

M:Ml—Mz

For unlike poles M' = M; + M, [N «—s] [N

2
v, _ M -M, :(Ej _M-M — 25 = M, —M,

v, M +M, 2) T M +M, T M, +M,

26 _2M M _13

=
24 2M, M, 12
22. By=24x10°T T,=01"

: -7
B=By—Bye=24x10°0-Hol —ogxqge_ 2210 X8 _n) 16)x10°=14x 10"

2nr 0.2

T= on | ) Lo B
MB,, T, \Bj,

6 2
o 01 1410 (01 14 oo 00IxM4 o076
T, 24x10°8 T, 24 24
23. T= 2=n ! Here I' = 21
MB,,
1 .
T;= — min T,=7
T 40 2
L \ﬁ
T2 I’
= 1 :\/13;213T222i2T2:0.03536min
40T, 2 1600T,2 2 800

For 1 oscillation Time taken = 0.03536 min.

For 40 Oscillation Time = 4 x 0.03536 = 1.414 = 4/2 min
24. vy, =40 oscillations/minute

By=25uT

m of second magnet = 1.6 A-m

d=20cm=0.2m

(a) For north facing north

_i fMBH _i fMiBH—Bi
n 27 I 12 2n 1

-7
g=tom _107x16 4 o
4n d 8x10~

RENENY B 4. ‘/é — .= 32 = 17,88 = 18 osci/min
Y2 By-B Y2 5 V5

(b) For north pole facing south

_ 1 ,MBH _ 1 ,MiBH—Bi
s I 12 2n 1

"1 2
Yo | B 40 25 - 40 5366 =54 oscimin
Y2 By-B Y2 45 25

45

Fooohohoh R

2
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CHAPTER - 37
MAGNETIC PROPERTIES OF MATTER

B:uoni, H=—

= H=ni
= 1500 A/m = nx 2
= n =750 turns/meter
= n=7.5turns/cm
(a) H=1500 A/m
As the solenoid and the rod are long and we are interested in the magnetic intensity at the centre,
the end effects may be neglected. There is no effect of the rod on the magnetic intensity at the
centre.
(b) 1=0.12 A/m
We know T= XH X = Susceptibility
x= L =912 _ 500008 =8 x 10"
H 1500
(c) The material is paramagnetic
By =2.5x107, B,=2.5
A=4x10" m2, n = 50 turns/cm = 5000 turns/m
(@) B = poni,
=25x 107 =47 x 107 x 5000 x i
. 25x107°
=i —
4nx107" x 5000
B 25 25

b)I=22_-H = -(B,-B,) = —== 2497 =1.99 x 10°~2 x 10°
®) Ho 107 B2 7B S

=0.398A=04A

(C)I: M =1= m_( = m
\ Al A
Sm=IA=2x10°x4x 107 =800 A-m
(@ Given d=15cm=0.15m
{=1cm=0.01m
A=10cm’=1x10"*m?
B=15x10"T
M=?
We Know B = “—OxzzLdzz
4n (d°-r9)
107" x2xMx0.15 _ 3x1078M
(0.0225-0.0001)>  5.01x107*

_15 x10* x5.01x107*

=15x10"=

=M 5 =25A
3x10™
(b) Magnetisation I = — = % =2.5x 10° A/m
V107" x10”
OH= M o M _ 25

© 4nd?  4nld® 4x3.14x0.01x(0.15)2
net H = Hy + H. = 2 x 884.6 = 8.846 x 10°
B=po(-H+I)=4nx 10" (2.5x10°— 2 x 884.6) =3,14 T
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Magnetic Properties of Matter

Permiability (1) = po(1 + X)

Given susceptibility = 5500

p=4x10" (1 +5500)

=4x3.14 %10 x 5501 6909.56 x 10 = 6.9 x 10°°

B=16T, H =1000 A/m
u = Permeability of material
=B-18 _16x10®
H 1000
-3
w=t =200 51575100213 % 10°
o 4nx10~
B =Ho (1 +X)
Ho
= -1=13x10°-1=1300-1=1299 = 1.3 x 10°
T X5 T

1.2x10° _ T,
:)_ = <
1.8x10™° 300

=>T,= E><300 =200 K.
18
f =8.52 x 10 atoms/m®
For maximum ‘T', Let us consider the no. of atoms present in 1 m® of volume.
Given: m per atom = 2 x 9.27 x 107°* A-m®

1= NetLM _ 5 4927 x 102 x 8.52 x 10%° = 1.58 x 10° A/m
B=po(H+1) = pel [-. H=0n this case]
=4nx 107 x1.58x10°=198x10"=20T
B = pgni, = E

Ho
Given n = 40 turn/cm = 4000 turns/m
= H=ni
H=4x 10 A/m

4
—j=H_4x100 .5
n 4000

ook K&
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ELECTROMAGNETIC INDUCTION

CHAPTER -
1. (@) J.E.dl = MLT 3t xL = MLAT 3

(b) 9BI=LT  xMIT2xL=MLA*T3
(€) dg/dt =MI'T2x 12 =MLA*T2
p=at’ +bt+c

o[£
R

¢ = [¢] = Weber

_ Volt
Sec

b=

- g
b)E= -

=2at+b
=2x0.2x2+0.4=1.2volt
(@) ¢,=B.A.=0.01x2x10°=2x10".

[@a=0.2,b=0.4,c=0.6,t=2g]

¢ =0
-5
S L.

dt 10x1073
$;3=B.A.=0.03x2x10°=6x10"
dp=4x10"
e=-9 - _4my

dt
$%4=B.A. =001x2x10°=2x10"
do=-4x10"
e= —% =4 mV

dt
(|)5:B.A.:0
dp=-2x10"°

e:—%:ZmV
dt

(b) emf is not constant in case of - 10 — 20 ms and 20 —

$1=BA=05x7r(5x107)°=5r25x10"°=125x 10"

=0
po it 1250107 o0 o 7g,107
t 5x107
A=1mm®;i=10A,d=20cm;dt=0.1s
oo 0_BA i A
dt dt 2rnd dt
_ 41x107 %10 y 10°°
2nx2x107t  1x107t
(a) During removal,
& =B.A.=1x50x0.5x0.5-25x 0.5 =12.5 Tesla-m
$,=0,1t=025

=1x1070Vv .

2

38

0.03
0.02
0.01

(ms)
10 20 30 40 50 t

30 ms as -4 mV and 4 mV.

10A
20cm
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Electromagnetic Induction

10.

e =

do_d,-¢, 125 125x107

= = =50V
dt dt 0.25 25x1072

(b) During its restoration

% =0;¢,=12.5Tesla-m’;t=0.25s
£ 125-0
0.25

=50V.

(c) During the motion

R

¢1:O,¢2:0

= %:O
dt

=25Q

(@de=50V, T=0.25s

i=e/R=2A,H= RT
=4 x25x0.25=25]

(b)e=50V,T=0.25s

i=e/R=2A,H= PRT=25J

(c) Since energy is a scalar quantity

A
B

Net thermal energy developed =25 J + 25 J =50 J.
=5cm’=5x10"m?
= By sin ot = 0.2 sin(300 t)

6 =60°

a)

b)

c)

Max emf induced in the coil

E= —%zi(BAcose)
dt dt

9 (B, sinotx5x10 x5
dt 2

B, xéx10_4£(sinmt) = Bod 10 cosat-o
2 dt 2

_ 0.22>< 5 300x10~ xCos ot = 15 x10-2 cos ot

Emax = 15 x 10° = 0.015 V

Induced emf at t = (n/900) s

E =15 x 1072 x cos ot

=15 x 107% x cos (300 x 7/900) = 15 x 107° x ¥
=0.015/2=0.0075=7.5x 107V

Induced emf att = /600 s

E =15 x 10 x cos (300 x 1/600)
=15x10°x0=0V.

B=010T

A=1cm’=10"m?

T=1s

$=BA. =10"'x10*=10""

e= %:£:10’5 =10 uv
d 1

E=20mV=20x10°V

A=(2x10%*=4x10"

Dt=0.2s, 6 =180°
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Electromagnetic Induction

11.

12.

13.

14.

01 = BA, ¢, =—-BA
do = 2BA
E = % — ZB_A
dt dt

2xBx2x107*

2x107t
= 20x10°=4xBx 107

B = 20x1073 _

42x1073

Area = A, Resistance = R, B = Magnetic field
¢ = BA =Bacos 0° = BA

= 20x10°=

e:%—%'i:g—%
d 1 R R
¢ =iT =BAR

r=2cm=2x107?m
n =100 turns / cm = 10000 turns/m
i=5A
B =pgni
=4 x 107" x 10000 x 5= 201 x 10°=62.8 x 10° T
n, = 100 turns
R=20Q
r=l1cm=10"m
Flux linking per turn of the second coil = Bnr’ =Bn x 107
1 = Total flux linking = Bn, nr® = 100 x 1 x 10~ x 207 x 107
When current is reversed.
b2 =—01
dd=¢p— =2 x 100 x 7t x 10~ x 207 x 10~°
_ dp 4n®x10™*
T odt dt
4n? x107
dtx 20

2 -4
q=Ildt= %xdt =2x10"C.
X

ZE_
R

Speed = u OB
Magnetic field = B m
Side = a - —
a) The perpendicular component i.e. a sinf is to be taken which is Lr to

velocity.

===~ OB
So, | = asin 6 30° = a/2. asinem

Net ‘a’ charge = 4 x a/2 = 2a - "
So, induced emf = B3Il = 2auB

b) Current = E =2a—UB
R R
1 = 0.35 weber, ¢, = 0.85 weber
D¢ = ¢, — ¢, = (0.85 — 0.35) weber = 0.5 weber
dt=0.5 sec
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Electromagnetic Induction

The induced current is anticlockwise as seen from above.
15. i=v(BxI)
=v B Ilcoso
6 is angle between normal to plane and B=90°.
=vBlcos90°=0.
16. u=1cm/,B=06T
a) Att=2 sec, distance moved =2 x1cm/s=2cm
dp 0.6x(2x5-0)x10™*
dt 2
b) Att=10 sec
distance moved =10 x 1 =10 cm
The flux linked does not change with time
~E=0
c) Att=22sec
distance =22 x 1 =22 cm
The loop is moving out of the field and 2 cm outside.

E= =3x107*V

= %:Bxd_A
dt dt
_ 0.6x(2x5x107") _

3x10*V

2
d) Att=30sec
The loop is total outside and flux linked = 0
-~ E=0.
17. As heat produced is a scalar prop.
So, net heat produced = H, + H, + He + Hy
R=45mQ=45x10°Q
a) e=3x10"V
TR NPT Amp.
R 45x107
Ha= (6.7 x10%)*x 45x 10°x 5
Hy, = Hq = 0 [since emf is induced for 5 sec]
He = (6.7 x107%)*x 4.5x 10°x 5
So Total heat = H, + H.

=2x(6.7x10%)*x45x10°x5=2x 10" J.

18. r=10cm, R=4Q

a8 =0.010T/, dé = d—BA
dt dt dt

2
=90 _dB A 0o =X
dt  dt 2

_ 0.01x3.14x0.01 3.14 y

104=157x10"

2
-4
i= E: % =0.39x 10 =3.9 x 10°A

19. a) S;closed S, open
netR=4x4=16 Q

X X X X

X X X X

[ ]x x x «

+“—> X X X X

5Cm X X X X

20cm

a d
X X X
X ><r X X
X X @ X X
X X X X

X X
b c
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Electromagnetic Induction

20.

21.

22.

o= _ A% 1040010 2=2x10°V
dt = dt

e 2x10°

i through ad = R =125x10" A along ad

16
b) R=16 Q
e=Ax B_sx0sy
dt
-6
i= lelé) =1.25x 10’7Aalong da

c) Since both S; and S, are open, no current is passed as circuit is openi.e.i=0
d) Since both S; and S, are closed, the circuit forms a balanced wheat stone bridge and no current will
flow along ad i.e. i = 0.
Magnetic field due to the coil (1) at the center of (2) is B = W
a“ +x

Flux linked with the second,
HONiaz 2
2(8.2 + X2)3/2
dp  poNa%an di

E.m.f. induced —+—=—"—"— _—— —
t 2(a?+x?)%2 dt

=B.A @ =

_ poNma?a’? d E
2(a? +x2)%2 dt (R/L)x +r)
noNna?a’? ~1R/Lv

2% +x2)*2 " (RIL)x+1Y

2,12
b) = “Ol\mazaalz ERV ~ (forx=L/2, RIL x = R/2)
2(a” +x%) L(R/2+r)

a) Forx=L

uoNna®a’’RVE
2@ +x2)*2(R +r1)2
N =50, B=0.200 T :r=2.00cm=0.02m
0=60°1t=0.100 s
Nd¢ NxBA NBACOS60°

a) e=
dt T T
-1 2
_ 50x2x10 x 1tx(0.02) —5x4x10°%x 1
0.1
=2rx10°V=6.28x107°V
-2
by i= 202810 _ 457,107
R 4

Q=it=157x10%x10"=157%x10°C
n=100turns, B=4x 107 T
A=25cm’=25x 10" m?

a) When the coil is perpendicular to the field
¢ = nBA

When coil goes through half a turn
¢ =BA cos 18° =0 - nBA
do = 2nBA
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Electromagnetic Induction

The coil undergoes 300 rev, in 1 min
300 x 2% rad/min = 10 = rad/sec
10x rad is swept in 1 sec.
n/n rad is swept 1/10% x © = 1/10 sec

-4 -4
E= dp _2nBA _ 2x100x4x10™"x25x10™" _ 2% 102V
dt dt 1/10
b) ¢1 =nBA, ¢, = nBA (6 = 360°)
dp=0
-3
C) i= E:2><10 :EX10’3
R 4 2

=05x10°=5x10"
gq=idt=5x10"*x 1/10=5x 107 C.
23. r=10cm=0.1m
R =40 Q, N =1000
6=180°By;=3x10°T
& = N(B.A) = NBA Cos 180° or = —-NBA
=1000 x 3x 10> x 1t x 1 x 1072 = 31 x 10~* where
d¢ = 2NBA = 61 x10™* weber
o= @: 6rx1074V
dt dt
- 6nx10 4.71x10°°
40dt dt
_ 4.71x107° xdt
- dt
d¢ dB.Acos
dt - dt
=BAsin6ow=-BA®sinb
(dg/dt = the rate of change of angle between arc vector and B = ®)

Q =4.71x10°C.

24. emf=

a) emf maximum = BAw = 0.010 x 25 x 10™* x 80 x 2nxm

=0.66 x 10°=6.66 x 10™* volt.
b) Since the induced emf changes its direction every time,
so for the average emf =0
It B2A%w?

> sin ot R dt
0 R

t
25. H= j 2Rdt =
0

272 2 4
= BZARZ(D j(l—costh)dt
0

_ BZAZ(DZ( _sinzwt]“‘“"”‘e

2R 20 )

B’A%0’ () SiN2x8-x21/60x 60
2R 2x80x2mn/60

2
= ﬂ><7t2I'4><BZ X 804><E
200 60

= 00 10x8% 10x625x108x1074 = 822X6x64 1511 _133x107 3
200 9 9x2
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Electromagnetic Induction

26.

27.

28.

29.

30.

31.

32.

33.

34.

(1)1 = BA, ¢2: 0
-4 2
_ 2x10 x 1(0.1) 2 x10°

X X
2 X X
6 X X
gz 30 _mx107 o0 100y
dt 2

[=20cm=0.2m
v=10cm/s = 0.1 m/s
B=0.10T
a) F=qvB=16x10"x1x10"x1x10"'=1.6x10°'N
b) gE =qvB
=>E=1x10"x1x10"=1x107V/m
This is created due to the induced emf.
c) Motional emf = Bw
=0.1%x01%x02=2x10"V
{=1m,B=02T,v=2m/s, e =Biv
=02x1x2=04V
£=10m,v=3%x10"m/s,B=3x10"°T
Motional emf = BW{
=3x10""%x3x10"x10=9x%x10°=0.09V
v =180 km/h = 50 m/s
B=02x10"T,L=1m
E=BwW=02110"x50=107V
.. The voltmeter will record 1 mv.
a) Zero as the components of ab are exactly opposite to that of bc. So they

X X

cancel each other. Because velocity should be perpendicular to the length. b o
b) e=Bvx{

= Bv (bc) +ve at C Y
c) e =0 as the velocity is not perpendicular to the length. a

d) e =Bv (bc) positive at ‘a’.
i.e. the component of ‘ab’ along the perpendicular direction.
a) Component of length moving perpendicular to V is 2R

L 5V
~E=BV2R R
b) Component of length perpendicular to velocity = 0
~E=0
{=10cm=0.1m;
6=60°;B=1T ©
V=20cm/s =0.2 m/s 609

E = Bvt sin60°
[As we have to take that component of length vector which is Lr to the velocity vector]
=1x02x0.1x 43/2
=1.732x107°=17.32x 107° V.
a) The e.m.f. is highest between diameter Lr to the velocity. Because here ® ®
length Lr to velocity is highest.
Emax = VB2R v
b) The length perpendicular to velocity is lowest as the diameter is parallel to the & ®

velocity Epi, = 0.
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Electromagnetic Induction

35.

36.

37.

38.

39.

Fmagnetic =itB

This force produces an acceleration of the wire.
But since the velocity is given to be constant.
Hence net force acting on the wire must be zero.

E =BW
Resistance =r x total length
=rx2(0+ vt) =241 + vt)

- Bv/
2r(¢ + vt)
e =Bw
i= e_ Bv/
R 2r(£+vt)
a) Foite= B g BV

=  x/B=—
2r(¢ + vt) 2r(¢ + vt)

b) Justaftert=0

/Bv) (B%

Fo=i¢B= /B — |=
2r¢ 2r

F, (B  /’B%
2 4 2U+wh)

= =0+t

= T=iv

a) When the speed is V
Emf = Biv

Resistance =r +r

Current = Bﬂ
r+R

b) Force acting on the wire = i{B
_ BB B%%

R+r R+r
2,2
Acceleration on the wire = &
m(R +r)
_ _ B2/ . , ,
C) V=Vvo+at=v,-———t [force is opposite to velocity]
m(R +r)
B2/2x
= VO —_
m(R +r)
2,2
d a= Vd_V = ﬂ
dx mR+r)
o dx= SMR+D)
B“/
=>Xx= m(F;;;?VO

R=2.0Q,B=0.020T,1=32cm=0.32m
B=8cm=0.08 m
a) F=itB=32x10"N
_ B¥?v
R

=3.2 x10°
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Electromagnetic Induction

40.

41.

42.

2 2
- (0.020)° x(0.08)“ x v —32x10°
2
-5
3.2x1077 %2 — 25 mls

V= 3 4
6.4x107° x4x10"
b) EmfE=vB{=25x0.02x0.08=4x 1072V

c) Resistance per unit length = 0_28

Resistance of part ad/cb = 2x0.72 _ 1.8Q
Va = iR = Biv ;g 0.02x0.08x25x1.8
2 2
d) Resistance of cd = 2x0.08 _ 0.2Q
VeiRs 0.02><0.02><25><O.2 —ax10°V
£=20cm=20%x102m
v=20cm/s =20 x 1072 m/s
By=3x10"T
i=2pA=2x10"°A
R=020
- B, /v
R
: -6 -1
~p,= R__2x10 y x2x10 > =1x10" Tesla
WV 20x1072x20x10"
-5
tang= ov - 107 1 5dip) = tant (1/3)

By 3x10° 3

_ Bfv Bx/cosOxvcoso

R R

= B os?0
R

B/vcos? 0x (B
R

F=ilB=

Now, F = mg sin 6 [Force due to gravity which pulls downwards]

B2/%vcos? 0

Now, ——————=mg sin 6
R
—~B= R’2m95|r216
/“vcos 0

a) The wires constitute 2 parallel emf.
s Netemf=B/v=1x4x102x5x10°=20x 107"

Net resistance = &+19 =20Q
2+2

-4
Net current = % =0.1 mA.

=0.036V=36x1072V

4cm X X X X ? 190

b) When both the wires move towards opposite directions then not emf =0

.. Net current =0
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43. P, P,

4cm 2Q 20 % 190

Q1 Q: B=1T

a) No current will pass as circuit is incomplete.
b) As circuit is complete

VP,Q,=B/v Qu Q

=1x0.04x005=2x10°V Py P,

R=20Q
. 2x1073

=1x10° A=1mA.

44. B=1T,V=5110"m/',R=100Q Q. Q
a) When the switch is thrown to the middle rail
E=Bv
=1x5x102x2x10%=10" XN X J&i*
Current in the 10 Q resistor = E/R

= 107 =107 =0.1 mA
10
b) The switch is thrown to the lower rail
E =Bv
=1x5x10?%x2x10%=20x 107"

4
Current = % =2x10%=0.2mA

45. Initial current passing =i
Hence initial emf = ir d 2 ®° ]
Emf due to motion of ab = Blv Y
Net emf = ir — Blv @
Net resistance = 2r t 1
ir —B/v

Hence current passing =

46. Force on the wire = i{B

. i’B ;
Acceleration = — :

m @ X X X X
. i/Bt
Velocity = — x x 7 x x
m

47. Given Blv =mg ..(2)
When wire is replaced we have
2 mg— Blv =2 ma [where a — acceleration]
2mg - Bty 8®

-a=z —— b a
2m

Now, s = ut+%at2 L L

:)f:ixthz [s:[]
2m
4ml 4ml
t= = =./2¢/qg. [from (1
- \/ng—Bév \/ng—mg g- [ (1)
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48. a) emf developed = Bdv (when it attains a speed v)

Current = %
R

Bd?v?

Force =

This force opposes the given force

NetF = F_BIV’ _pp BAV
Net acceleration = RF_—BZdZV
mR
b) Velocity becomes constant when acceleration is 0.
F _Bldvo_,
m mR
F  B%d?v,
m mR
c) Velocity at line t
_dv
Todt
voodv _(todt
Jom_ omR

\Y% t
= |LRF-PBA]—— | |1
-1"B° ]y LRmM]q

—11°B?

= [In(RF—lszv)k ==

-1°B?%t

= |,(RF-1’B%)-In(RF) =

-1°B%t
- e Rm

2p2
:l—lBV

-1°B%t
=1-e Rm

1’B2v
RF

—12B2v,t
FR 1— Rvom
|2 2 e
B

—Fvom)

=>vV= =Vo(l-e

49, Netemf=E - BW/
_ E-Bw¢

I frombto a

F=1/B
_(E—vi

] B = @(E —Bv/) towards right.
r

After some time when E = BV,
Then the wire moves constant velocity v
Hencev =E/BL.
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50. a)

b)

d)

e)

When the speed of wire is V
emf developed =B ¢V

Induced current is the wire = BT[;V (from b to a)
Down ward acceleration of the wire
= MI=F e to the current
2,2
=mg-i/Bm=g- BTV
Rm
Let the wire start moving with constant velocity. Then acceleration =0
B2¢%v m=g
Rm

=V, = g?;;
dv
—=a
dt

dv mg-B%%/R
= — =

dt m

mg-B“¢“v/R

m
V. mdv t

= | —————=|dt

.[o B2¢2y Jo

mg —

R

B2¢%v ]V —
R

= _m log(mg -
-B?/? o

R
= ﬂ—Iog logl mg — B°*v —log(mg) | =t
BZ/? R
mg _Bv 2,2
= log R_|_Z1BY
mg mR
B%%v | —tB%/?
= log 1- =
Rmg mR
2,2 —tB2¢?
1- B</v _e MR
Rmg
N (1_ e—BZ/ZImR) _ Bzfzv
Rmg
_, y= RMg (l— e—BzézlmR)
B2/?
=V = v, (1-e VM) {vm = %}
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f) E:v:>ds:vdt
dt

t
=s=vm '[0 (1-e 9"vYMydt

Vm(t_hegt/vm]: th+v_n21e—gt/vm _V_nzq
g g g

=V, t—%’s‘(l— e-ot/vm)

m

o) Lmgs - mg% =mgV,,(1-e 9™

dt
2 2n2,,2
d—”:izR:R /BV :ZBV
dt R R
122

= Vn21(1_e—gt/vm)2

After steady statei.e. T > o

d
—mgs =mgV
at g 9V

22 22
d_H:({B Vr%:gB mngFZz:mng
dt R R "B
dy, d
Hence after steady state — =—mgs
dt dt
51. £=0.3m, B=2.0x10° T, » = 100 rpm
V= @x2n:£n rad/s
60 3
L 0.3 10
VE —X®O=—X—T1
2 3
Emf=e =Blv

=20x10°x03x 233,10,

=3rx10°V=3x3.14x10°V=9.42x10°V.
52. V at a distance r/2

I
From the centre = 7@

E=B=E=Bxrx 2= 1%
2 2
53. B=0.40T, o =10rad/, r=10Q
r=5cm=0.05m
Considering a rod of length 0.05 m affixed at the centre and rotating with the same .
V= L X @®= % x10
2 2

0.05

e =Blv= 0.40x x10x0.05=5x10"°V

-3
e 5107 _5ma
R 10

It leaves from the centre.

—
]

!

B

B

Vv

U/PV
N
F_
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- B, -~
54, B=—2yK
L Yy
L = Length of rod on y-axis
V= Vo?
Considering a small length by of the rod
dE =B Vdy

=dE= %yxvoxdy

BoVo
L

BoVo
=>E= C J.ydy

L
:BOVO y_2 :BOVOEZEBVL
L |2] L 2 2 0o

=dE =

ydy

55. In this case B varies
Hence considering a small element at centre of rod of length dx at a dist x from the wire.

B = Hol
21X

So, de = — x vxdx
ZTcX

+t/2 .
e—Ide “0"’ I d—xz“zlv[m (x + U2) — In(x - ¥2)]
T

X
2
_ uoivIn X+0/2 _uoivIn 2X+ L
2n | x—f12] 2x \2x-¢
56. a) emf produced due to the current carrying wire = uleln 2+t AMAA
2 2x—/ R
i l Yi
Let current produced in the rod =i’ = Mln 2x+ 0
2R \(2x -/ dx
Force on the wire considering a small portion dx at a distance x 1
dF=i"B!? < >
X
= dF = BV [ 2XHE Bol gy
2nR \2x-/¢) 27nx

N2
S = (M| ¥ 2xel) o
2n) R \(2x-/) x
N2 X+t/2
= F= H_OI lm 2x+1 J. d_X
2n) R \(2x—-¢ X
x—t/2
N2
ol lln 2X + /0 n 2X+ /1
2n) R 2X =/ 2X -/
lu—oiln 2X +/ 2
R|2r (2x-¢

b) Current = Holn | 2241
2nR  \ 2x -/

N—
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57.

58.

c) Rate of heat developed = i°’R

_ | BolV [ 2X+ 1 ZR_l HolV In| 2X+£ 2x+ 1Y

2nR |\ 2x— ¢ R| 2n 2x -1

d) Power developed in rate of heat developed = i’R

_ 1 peiv n 2x+/ 2

R| 2n 2x -/

Considering an element dx at a dist x from the wire. We have
a) ¢ =B.A. a

—
do = ol x adx
2mx Ai
l.,lola. *bdX uo|a
= =——-In{l+alb
0= [Jap= 2B [T 2B ingy 1 a/n) i
+—h—>
b) e= %:iwln[Ha/b] —
dt dt 2zn

Bod i arn- i, sinot)
b1 dt

_ Mo@lp®Cos ot In[1+a/b]

¢) i= & HoOCosat, o
r 2mnr

H = i’rt
_ {uoaio(x) cos wt

2
In(l+a/b)} xrxt
2nr
2.2, 2, .2
20
:wln2[1+a/b]xrx T
4mxr

2,2:2
- —5”36‘ 0O et arb] [-t= —20“]
mr

a) Using Faraday” law
Consider a unit length dx at a distance x A

_ Mol PO B
271X |
Area of strip = b dx

_ Ho'
dx
do = 2nX

a+l i
= ¢= I“—Obdx
. 21X

. a+l .
= u_Ole. (% :ule og a_+|
2n ) X 2n a

Emf= 9¢_9 —“(’Ibloga—JrI
dt  dt| 2n a

_ b a (va—(a+l)v

2n a+l a2

j (where da/dt = V)
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59.

60.

61.

62.

_ Mgib a vl _  pgibvl

2n a+la? 2n(a+la

The velocity of AB and CD creates the emf. since the emf due to AD and BC are equal and opposite to
each other.

. . B c
Bag = H0 =  EmfAB= Hdpy . f
2na 2na ! b
Length b, velocity v. l
B. = _ Mo A b
7 2n(a+) A
= Emf cD= PV
2n(a+)
Length b, velocity v.
Net emf= ol py - _HolDV_ __HolbVl
2na 2n(a+l)  2ra(@+l)
e=Bvl= Bxaxwxa
2
- Ba’w
2R A
Ba’w B%a’w

F=iB = F>< axB= towards right of OA.

The 2 resistances r/4 and 3r/4 are in parallel.
r/4x3r/4 3r

R' = =— e
r 16 ,/' : B
e=BV ) N &
a Ba’w x y < A
= Bx—oxa=
2 X X
=& _ Ba’w 3 Ba’w X X x X sr/4
R" 2R" 2x3r/16
_ Ba’0l6 _8Ba’w
2x3r 3 r
We know
2.2
F=Ba0_ip 5 & e
" o BN
Component of mg along F = mg sin 6. .
F = mg sino
23, _
Net force = —-mgsin6.
1 2 .
emf = EBwa [from previous problem]
E -7
2 2 <l ilB
Current = e+E:1/2><Bma +E:Bma +2E X X X’/\§R
R R 2R y P "&
= mgcos 0 =itB [Net force acting on the rod is O] ‘A
B az +2E X X mg cos6
:mgcosezm—axB x X% x
2R
~R= (Bwa? + 2E)aB '
2mgcos 6
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63. Letthe rod has a velocity v at any instant,
Then, at the point,
e = Blv =

| =
Now, g = ¢ x potential = ce = CBiv ®g
Current | = dq = iCBIv I l
dt  dt l v
dv . mg
= CBI—t =CBla (where a — acceleration) | |
From figure, force due to magnetic field and gravity are opposite to each other.
So, mg — B =ma
= mg - CB{a x {B = ma :>ma+CBZEZa:mg
= a(m + CB*’) = mg —a=_—M9 :
m+CB*“/2
64. a) Work done per unit test charge
= ¢E. dl (E = electric field) % LT %
— S P \\
e e G
=E¢dl= = =E2rr=—xA \ .
¢ dt dt X\\\:__ __I,’IX
B x x--% x

= E 2nr = nrzd—
dt

_m?dB rdB
T 2ndt 24t
b) When the square is considered,
oEdl=¢e

:>E><2r><4:?j—|f(2r)2

2
g-dBA” . _rds
dt 8r 2 dt
.. The electric field at the point p has the same value as (a).

65. ﬂ: 0.01 A/s
dt

For Zsﬂ =0.02 Als
dt

n = 2000 turn/m, R=6.0 cm =0.06 m
r=1cm=0.01m

a) ¢=BA
do di
—r = nA —
= ar P gt

=4nx 107" x2x10°xtx1x10*x2x 107 [A=nx1x107"
=16n°x 10" o

=157.91 x10 " o

=16x10°

or, % for1s=0.785 w.

_do
b) [E.dl= o

38.17



Electromagnetic Induction

. E

_ 0.785x10°®

= E¢dl = e =1.2x 107 VIm
dt 2nx1072
do _ di . _ 7 )
C) — = poh—A =47 x10"" x 2000 x 0.01 x & x (0.06)
dt dt
d¢
Egdl = —
¢ dt
-7 2
_ po do/dt_ 4nx10 ><2000><0.O]2_><7t><(0.06) — 564 % 10°7 Vim
2nr nx8x10~
. V=20V
di=l,—1;=25—(-2.5) = 5A
dt=0.1s
v=1 4
dt

= 20=1L(5/0.1) > 20 =L x 50
= L =20/50=4/10 =0.4 Henry.

do =8 x 10™* weber

dt
dl
n=200,l=4A,E=-—nL —
dt
; —d¢ _-Ldi
Tt dt

or, L= n%:ZOOXBX1O’4:ZX1O’2 H.

_ poN?A d

T dt

_ Amx 1077 x (240)? x (2 x1072)? <0
12x1072 '

_ 4nx(24)*> xnx4x8

- 12

= 60577.3824 x 10°=6 x 107 V.

. Weknowi=i(1-e™

8

x1078

8) —iy=ip(1-e)

100
=09=1-¢"
=e'=01

Taking £n from both sides
tne”=i01=>-t=-23=>tr=23
99

b) 5o =io(1- e’
—e=0.01
tne™ =¢n 0.01
or,-tlr=-46 ortlr=4.6
c) %io =i,1-e™")
e =0.001

= Ine"=1n0.001 = e =-6.9=tIr=6.9.
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70.

71.

72.

73.

74.

i=2A,E=4V,L=1H
R:E=£:

i 2

R 2
L=20H,R=209Q,emf=40V,t=0.20S
iO:E:i,’Czhzizo'l

R 20 R 0

=0.17A
1., 1 )
b) L=~ x2x(0.17)7=0.0289 = 0.03 J,

R=400Q,E=4V,t=0.1,i =63 mA

i=ip—(1— etR/Z)

= 63 x107°=4/40 (1 —e % %M

63x10°=10"(1-e™Y

63x 102=(1-e™*")

1-063=e*=e*=0.37

—4/L = n (0.37) = -0.994

L=— % _—4024H=4H.
-0.994

L=5.0H, R=100Q, emf=2.0V

t=20ms=20x10°s=2x10"s

=
=
=
=

. 2 . _y
b= —— nowi=ip(l—e "
"= 100 o ( )

—2x1072x100
5 = =77

L:—:>i:i1—e 5
R 100 100

T=

=iz 2 (1-e?)
100

= 0.00659 = 0.0066.

V =iR = 0.0066 x 100 = 0.66 V.

t=40ms

ib=2A

a) t=10ms
izip(l-—e")=2(1-e"=201-e™
=2(1-0.7788) = 2(0.2211)" = 0.4422 A = 0.44 A

b) t=20ms
i=io (1— e—[/-c) =2(1- 6720/40) =2(1— e—l/Z)
= 2(1-0.606) = 0.7869 A = 0.79 A

c) t=100 ms
i=io (1 e—[/-c) =2(1- 67100140) =2(1 - 6710/4)
=2(1-0.082)=1.835 A=1.8 A

d t=1s

i=ip(1- e—t/r) =2(1 _871/4O><1073 y=2(1— e—10/4o)
=21-e®)=2x1=2A
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75.

76.

77.

L=10H,R=20Q,emf=20V
1

T= Lz—: 0.05
R 20
ig = S:i: 0.1A
R 20
i= io (1 —eit) = io— ioGit
di dig . “tity —u
—=—(igx-1/txe " )=ig/te .
o dt (i )=lo
So,
a) t=100ms = di_ 01 0100527
dt  0.05
b) t=200ms= di_ 01 o-02005_ ¢ 0366 A
dt 0.05
c) t=1s= di_ 01 w005_4x109A
dt  0.05
a) For first case att =100 ms
ﬂ:0.27
dt

Induced emf = L% =1x0.27=027V
b) For the second case att= 200 ms

di_ 0.036

dt

Induced emf = L% =1x0.036 =0.036 V
c) Forthe third case att=1s

4 41x10°V
dt

Induced emf = L% =41x10°V

L=20mH;e=50V,R=10Q

L 20x10° . 5
T= — =, |0 = —

R 10 10
i =io(1—e™)?

. . . - 2
= izig—ie "

= iR=igR—iRe""

a) 10 x ﬂ: E iR +10x S « 10 % e—0><10/2><10’2
dt  dt 10 20x10°®

x1073 x1=$: 2500 = 2.5 x 107 V/s.

N o

b) R—dlsziO ><l><e_t/T
dt T
t=10ms=10x1073s
d—E =10x S X — 10 % e—o.omo/leo‘2
dt 10 20x10°°
=16.844 =17 V/'
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78.

79.

c) Fort=1s
dE _Rdi_5 43, g10/2402 _ g0 s,
dt dt 2

L=500mH,R=25Q,E=5V
a) t=20ms

=iy (1— e = E(l_E—tR/L)

- 5 (1 grtannan’) Ly ooy
25 S

= %(1—0.3678) =0.1264

Potential difference iR = 0.1264 x 25 =3.1606 V = 3.16 V.
b) t=100 ms

izip(1-e ™= E(l—E"R“‘)

- 5 (1 gwaonasmonns) Ly s
25 S

= %(1—0.0067) =0.19864

Potential difference = iR = 0.19864 x 25 = 4.9665 = 4.97 V.
c) t=1sec

=i (1— e = E(l_E—IR/L)

i[l— o-1x25/100x10°2 ] _ 1(1_ e 50)
25 5

l><1 =15A
5

Potential difference = iR = (1/5x 25) V=5 V.
L=120mH=0.120 H
R=10Q,emf=6,r=2

i=ip(1—e™)
Now, dQ = idt
=ip (1 — e dt

1
Q=]dQ = J.io(l— e ")dt

0

. ; _l —t/t ]_-I:__tt/r:l
|OL|;dt Je dt | =i t (r)le dt

0

o[t + (e " D] =iyt + e V1]

Now, ip = —:EZO.SA
10+2 12
= 01204
R 12
a) t=0.01s

So,Q =0.5[0.01+0.01 e %% _0.01]
=0.00183=18x10°C=1.8mC
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80.

81.

82.

b) t=20ms=2x10°'=0.02's
So,Q =0.5[0.02 +0.01 e %% _0,01]
=0.005676 =5.6 x 10° C=5.6 mC
c) t=100ms=0.1s
So,Q =0.5[0.1+0.01 e _0.01]
=0.045 C =45 mC
L=17mH,£=100m, A=1mm°=1x10°m? f,,=1.7x 10° Q-m

_ ol  1.7x107°x100

R= ‘% =—  —  —  _=17Q
A 1x107°
8
j= L _017x107 _ 152 gec = 10 m sec.
R 1.7
t=L/R=50ms=0.05"
a) Iﬂ — io(l— e—t/0.0G)
2
1 _q_gwoos_gwoos_ 1
2 2
— e 1005 = gy12
= t=0.05x0.693 =0.3465" =34.6 ms = 35 ms.

b) P=iR= E_Z(l_ EtRIL)2
R

E2
Maximum power = Y

2 2
SO, E_ — E—(l— e—tR/L)Z
2R
. 1
=1-e®=_— =0.707
V2
= e™=0.203

= % =-In0.293 = 1.2275

= t=50x1.2275ms =61.2 ms.

. E
Maximum current = E

2
In steady state magnetic field energy stored = %L%
1, E?
The fourth of steady state energy = ng
One half of steady energy = ELE—2
4 R?
2 2
ELE_ZELE_(]__G*HR/L)Z
8 R? 2 R?
—1_ewRrL_1
et S R ooy =an2
2 L
1 B2 1 E? Ry
Again —L— = -L—(1-e2
9N T RE T 2 RZ( )
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83.

84.

85.

2-42

2

1 J+€n2
2_

1
2-42

L=40H,R=10Q,E=4V

= € =

LRIL _ V2-1
V2

VY

N

= L= T|:€n

SO, L-t = w/n

a) Time constant=1 = L :i = 04s.

R 10

b) i=0.63 i,

Now, 0.63 i = ip (1 — ™9

—-e’"=1-063=0.37

= /ne"=1n0.37

= —t/t = -0.9942

—1=0.9942 x 0.4 =0.3977 = 0.40 s.
c) izip(l-e™)

4

= —(1-e%4/%%) = 0.4 x 0.6321 = 0.2528 A.

10
Power delivered = VI

=4x0.2528=1.01=1 o.

d) Power dissipated in Joule heating =I°R

= (0.2528) x 10 = 0.639 = 0.64 .

i=ig(l—e™

= poNi = N ig(1 — ™)

= 0.8B, =B, (1_ e—20x10’5xR/2x10’3)
= ef%=02

= —R/100 = -1.609

Emf=E LR circuit

a) dg=idt

io (1 — e "7t

ip (1 — e *hdt

= idq:io Hdt—.:[em”'dt}

io [t — (L/R) (") to]
io [t— L/R (1 — &™)
Q =ER[t-LR (1-e"™M)

O
I

L4 4

[. 1= L/R]

b) Similarly as we know work done = VI = El

=Eip[t—LIR (L—e ™)

Ez IR/L
= S lt-LR(1-e"™)]

E2 ¢

t
) H= J.iZR«dt =—.R.I(1—e-tR’L)2 dt
0 0

R2

E2 |
- ?J'(lJr e(-2+B)/L _Ze—tR/L).dt
0

B=Bo(1-e""
0.8=(1-e""%)
nEe ™ = 1n(0.2)
R =16.9 = 160 Q.
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d)

e)

86. L=
a)

b)

c)

d)

_ 2x2
200
Power dissepited in heating the resistor = I’R

= lp@-e""IPR

= (6.3 MA)® x 200 = 6.3 x 6.3 x 200 x 10°°

=79.38 x 10*=7.938 x 10° =8 mA.

Rate at which energy is stored in the magnetic field
d/dt (1/2 LI%]

= E_Z(t—ie*m”- +£2-etR’L)t
RU 2R R 0
_ E_z(t_ie—ZtR/L +&,e—tR/L)_(_L+&)
R 2R R 2R R
_EZ[( L , 2L j SL}
= || t-——x2+ = x |- 2=
R R 2R
E? L
= ?(t—ﬁ(xz —4x+3)J
E= 1172
2
2
LE?
= F(l—x)z

Total energy used as heat as stored in magnetic field

2 2 2 2
E_T_E_.LXZ_}_E E.4X2_E.E_
R R 2R

LEZ LE? , LE?
— +

Rr 2R R
E2 EXL LE?

R RES R

= —t+——X-—

R R? R?

CE*(. L
- Efe-ka)

= Energy drawn from battery.
(Hence conservation of energy holds good).

2H,R=200Q,E=2V,t=10ms

=t @1-e™

%(1_8-10x10’3x200/2)

0.01 (1-e™)=0.01 (1 -0.3678)

=0.01x0.632=6.3 A.
Power delivered by the battery
= VI

2
=Elb(1-e")= %(1— e ')

(1- e 10:10°x200/2y = 9 02 (1 — €7%) = 0.1264 = 12 mw.

- %(e—t/r _e—2t/‘:) — 2X10_4 (e—l _ e—2)

T 1072
2 x 107 (0.2325) = 0.465 x 107

=46x10°=4.6 mW.
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Electromagnetic Induction

87. La=10H;Lg=20H;R=10Q
a) t=0.1s, ‘EAZO.l, ‘CB:L/RZO.Z
in=io(1—e™)

2 -0.1x10
= —[1— e 1! ] =02 (1-e%=0.126424111

10
is = io(1 — e™)

2 -0.1x10
= —[1— e 2 ] =0.2 (1-e)=0.078693

10
in 012642411 _

iy 0.78693
b) t=200ms=0.2s
in=io(1—e™)
= 0.2(1-e %2101y = 0.2 x 0.864664716 = 0.172932943
is = 0.2(1—e %21/2) = 0.2 x 0.632120 = 0.126424111

'_A _0.172932943 _ 136=14
ig 0.126424111

c) t=1s
ia= 0.2(1—e>1%1) = 0.2 x 0.9999546 = 0.19999092
is = 0.2(1—e >1%2) = 0.2 x 0.99326 = 0.19865241

ia _0.19999092 _
i 0.19865241

88. a) For discharging circuit
i=ipe™
=1=2e
= (1/2)= e
= tn (1/2) = tn ()
= -0.693 = -0.1/t
= 1=0.1/0.693 = 0.144 = 0.14.

b) L=4H,i=L/R
=0.14 = 4/R
=R=4/0.14=28.57=28Q.

1.0

—0.1/7

89.
Case - | Case - |l

— WO I

In this case there is no resistor in the circuit.
So, the energy stored due to the inductor before and after removal of battery remains same. i.e.

1.,
V;=V,= —Li
1 2 2

So, the current will also remain same.
Thus charge flowing through the conductor is the same.
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Electromagnetic Induction

90.

91.

92.

93.

94.

a) The inductor does not work in DC. When the switch is closed the current

charges so at first inductor works. But after a long time the current flowing is R,
constant.
Thus effect of inductance vanishes. N y
- E E  ER;+Ry) |
Rnet RlRZ R1R2 | :
R, +R,
b) When the switch is opened the resistors are in series.
L L
T= = .
Rnet Rl + R2

i=1.0A,r=2cm, n=1000 turn/m
2

Magnetic energy stored = BV
2,

Where B — Magnetic field, V — Volume of Solenoid.

2:2
n-i
LI nr?h

2,
_ Anx107 x10° x1x mx 4x10~* x1 h=1m]
2
=8r°x 107

=78.956 x 10°=7.9 x 107 J.
BZ
Energy density = —
2,

BV _ (koi/2r)? Ve Lol

=2V
2, 2uq 4r°x2

Total energy stored =

_ 4nx107" x 42 x1x107°

T 4x(10)2x2
1=4.00 A, V=1mm°
d=10cm=0.1m

=8nx 107 .

B Mol
2nr
2

Now magnetic energy stored = ;—V
Ho

2:2 -7 -9
Hol” 1 ><V:4Tt><10 x16x1x1x10
Anr® 2u, 4x1x1072 x2
8

= =x107%J
T

=255x 107
M=25H

di (A

dt s

di

E——pa

= E=25x1=25V
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Electromagnetic Induction

95. We know
; +—a—>
% — — Mxﬂ
dt dt i
From the question,
d d, . .
— =—(ip sinot) = iywcos wt
gt~ atleSnen=h —
%:E:uoalom—cosmtfn[l+a/b]
dt
Now, E = M><ﬂ
dt
or, uoalom—mén[h a/b] =Mxijwcos ot
2n
= M=y arp)
2n
. nuNa®a’’ERV
96. emfinduced = e >
2L(a“ +x°)>" “(R/Lx+r)
da__ ERV (from question 20)
dt RXx 2
Ll —+r
L
_ EBE Npgyna’a’?
M7 didt T 2@ 0 ?
97. Solenoid I :
a; =4 cm?;n, =4000/0.2m; ¢,=20cm=0.20 m
LTNCTOCTN
Solenoid Il :
a,=8cm’;n, =2000/0.1m; /,=10cm=0.10 m S A W A"

B = pon,i  let the current through outer solenoid be i.
(I): nlB.A=n1n2uoi><a1

= 2000x%x4nx10*7 xix4x107*

= % =64nx107* ><ﬂ
dt dt
Now M = ﬁ =64nx 10" H=2x 107 H. [As E = Mdi/dt]
i
98. a) B = Flux produced due to first coil
=poni

Flux ¢ linked with the second
=ponixNA=poniNzmR?
Emf developed
dl

dt . 2
= & B oniNaR
at dt(uol mR%)

uonNR? % = ponNnR%;mcos ot .
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CHAPTER -39
ALTERNATING CURRENT

f=50Hz
I:I()SinWt

Peak value I =

%do’_‘

=T -wt ort=-" =" -1 _ 1 _00255=25ms
4 400  4x2nf 8f 8x50
Eme = 220 V
Frequency = 50 Hz
E
(a) Erms: T;

= Ep= Ems+/2 = +/2 x220=1.414 x 220 = 311.08 V = 311 V
(b) Time taken for the current to reach the peak value = Time taken to reach the 0 value from r.m.s

I I
I= 2% = % =, Sih ot
V2 2T
:>0)t:E
4
S S R T
40 4x2nf 850 400
P=60W V=220V=E
2
R= L = 220x220 _g4667
P 60
g0 = v2 E =1.414 x 220 = 311.08
o= S0 = 80667 _ 4 aec2039A
R  311.08
E =12 volts
i° Rt = i%msRT
E_Z: E2rms DEZ:E_O2
R? R? 2

=EY=2E° = Ey=2x12°=2x 144
= Ep=+2x144 =16.97 =17V
Po =80 W (given)
Pre= 20 40w
2
Energy consumed = P x t =40 x 100 = 4000 J = 4.0 KJ
E=3x10°V/m, A=20cm’  d=0.1mm
Potential diff. across the capacitor = Ed = 3 x 10° x 0.1 x 10~>= 300 V
Max. rms Voltage = M = 300 =212V

V2 2
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Alternating Current

10.

i= ioeiur
T .21

2.1 i i [t
i2 — _J.i02€—2t/rdt — O_J.e—Zt/rdt — O_X|:_e—2t/1:| T—
T 0

T T 2

0

C=10pF=10x10°F=10"F
E = (10 V) Sin ot

a)I:)E(_O: E]f) = 1f :leO_SA
C
(mcj [lelO_S)
b) » =100 s
1= _Fo - 10 =1x102A=0.01A
(o) (soonao)
oC 100x107°
c) »=500s"
1= _Fo - 10 =5x102A=0.05A
(o) (so0010)
oC 500x 107>
d) ® =1000s™
1=_Fo - 10 =1x10"A=0.1A

(o) (iooorio™)
oC 1000 x10~°

Inductance = 5.0 mH =0.005H
a)o=100s"

X = ol=100%x —— =050
1000

|:8_0_£:20A
X 0.5
b) ®=500s"
X, = oL =500 x > =25Q
1000
|:8_0:£:4A
X 25
c) ®=1000s™
X, = oL = 1000 x > =5Q
1000
|:8_0:£:2A
X 5
R=10Q, L = 0.4 Henry
E=65V, fzﬁHz
T

Z= JR?+ %> = JR? +(2nfL)?

Power = Vips Tims COS ¢

6.5>< R 6.5x6.5x10 6.5x6.5x10

—ﬁx%x[e’Z —1]

T

_ 6.5x6.5x10 _

=65x —x— = =
z

JRE +2npLy T 10 {

27‘[X£XO.4
s

JZ 100 + 576

0.625 = > )
8
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Alternating Current

2
11. H—V?T Eo=12V, ©=250n, R=100Q
H 2gjn2
H= [an =[S % = 22 foin? o dr = 144 [[ 22222 o
0 R 100
1072 1072 i _
- 144 dt - [ Cos2ot dt | = 0.7210°° - Sin2et | 10
2 20 )y
—o07g Lt -1 | =22 475 200002614 = 2.61 x 107 J
1000 5007 | 1000x
12. R=300Q, C=25uF=25x10°F, € =50V, f=50Hz
4
Xc = i: ) 1 10
«C P 2tx25x1078 25
T
= JRZ + X2 = [(300)2 { J = 1/(300)2 + (400)2 =500
(a) Peak current = — = 20 _ 0.1A
500

(b) Average Power dissipitated, = Es I;ms COS ¢
_E B R _ E,> _ 50x50x300 _ 3 _

=0 270 -2 o150
J_ J_z Z 272~ 2x500x500 2
2
13. Power =55W, Voltage = 110V, Resistance = VF = % =220Q
frequency (f) = 50 Hz, w=2nf=2t*x50=100« 5 L
. LoV Vv

Current in the circuit = — = ————— ANV 22244

Z  R?+(0L)? ) oy

VR ~

Voltage drop across the resistor = ir =

—_— S
JR? +(0L)? « 220V >

220x 220

- =110
J(220)2 + (1007L)2

=220%x2= \/(220)2 +(1007L)> = (220)° + (1007L)® = (440)°
= 48400 + 10*7? L? = 193600 = 10*7® L?= 193600 — 48400

=L%= 132—5“1 =1.4726 = L=1.2135=1.2Hz
n° x10

14. R=300Q, C=20uF=20x10°F
50

L =1 Henry, E=50V V=— Hz
Y

E
@I= ?0,

Z=JR?+(X,-X.)? = \/(300)2 J{ 1
2n

2
= —27th]

2

2
4
= |(300)2 + 1 _onx 295 = J(300)2 [% _ 1ooJ — 500

2nx 2= x20x107° T
T
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Alternating Current

(b) Potential across the capacitor =iy x X, = 0.1 x 500 =50 V
Potential difference across the resistor = ip x R=0.1 x 300 =30 V
Potential difference across the inductor =iy x X, =0.1 x 100 =10V
Rms. potential =50 V
Net sum of all potential drops =50V +30V + 10V =90 V
Sum or potential drops > R.M.S potential applied.

15. R=3000Q
C=20uF=20x10°F
L =1H, Z =500 (from 14)
€ =50V, Iozizﬂ:o.m
Z 500

Electric Energy stored in Capacitor = (1/2) CcV’= (1/2) x 20 % 10° x50 x50 =25 x 10> J =25 mJ
Magnetic field energy stored in the coil = (1/2) L Iy’ = (1/2) x 1 x (0.1)2 =5x10°J=5mJ
16. (a)For current to be maximum in a circuit

X=X (Resonant Condition)
= WL = i
wcC
6
:)WZ: i = ; = £
LC 2x18x10°% 36
3 3
=W = & = an: &
6 6
= f= 1000 _ 56 537 Hz ~ 27 Hz
6x27n

(b) Maximum Current = E (in resonance and)

:LS :i&} A=2mA
10x10 10
17. E =24V
r=4Q, Ims =6 A
:E _ﬁ =4Q
I 6

Internal Resistance =4 Q
Hence net resistance =4 +4=8Q

.. Current = % =15A

10Q
18. V;=10x107°V T*““#T
R=1x10°Q Vi 10 nF Vo
C=10x10°F 1 T .l
1 1 1 1 10* 5000
(a) Xc = = = 3 - = — = =
WC 2xfC 27x10x10°x10x10 2nx10 2n T
2 2
Z=R?+x? = J(lx103)2 +(Mj = \/106 +(Mj
T T
L= Eo _ Vi _ 10x1073
Z Z 2
10° {5000}
T
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Alternating Current

1 1 1 1 10°

b) X.. = = = = =
(b) X WC 2rfC  27x10°x10x107° 27x10° 2n

e R - J(wf o[22 = o[22

T
_ 10x107®
I =
/ 500
-3
Vo=lp X, = —20x10° ——1.6124V=1.6mV

500

(¢) =1 MHz = 10° Hz

Xe =

WC ~ 2rnfC  27x10°x10x10"° 2xx10°2 2=

J*JW(—J fror (2]

1 _ 10x107

\/750

-3
X, = —20x10° 50 516 mv

\/750

(d) /=10 MHz = 10" Hz
_ 1 1 1 _ 1 _ 10
Xe = - - 7 N 17 5f
WC 2nfC  2ax10'x10x10" 2nx10" i

z= JRE X’ = \/(103)2 *@2 - \/106 +[ET

T

19. Transformer works upon the principle of induction which is only possible in

case of AC.

Hence when DC is supplied to it, the primary coil blocks the Current supplied
to it and hence induced current supplied to it and hence induced Current in the

secondary coil is zero.

L G G B

11 1 _ 1 _10%

ERES)

_ 500

I

50
n

Sec
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ELECTROMAGNETIC WAVES

CHAPTER - 40
€ dg € EA
dt dt 47 g,r?
= X x— = A
MiLAr 2T
= (Current) (proved).
E= K—? , [from coulomb’s law]
X
KgA
¢e=EA= =%
X
_ _ doE d kgA d o
lg = €0 T =€y ax—z =gy KgA ZEX
=gy X ><q><A><—2><x_3><d—X:qAV,
4n < dt  2mx®
E= Q (Electric field)
So
o=EA =2 A_Q
A2 g2
o =Y, 8/ Q) 1(d0)
dt dtle, 2) 2\ dt
-
= EE(ECG%/RC) zlEc_ie—t/RC zieRon
2dt 2 RC 2R
E= Q (Electric field)
g A
0=E.A. = Q. A:—Q
A2 g2
o =Y, 8/ Q) 1(d0)
dt dtle, 2) 2\ dt
B= p,oH
= H= E
Ho

Eo _Bo/(uo&C) 1
HO BO /”'0 GO C
_ 1
8.85x107*? x3x10°®

=376.6 Q=377 Q.

Dimension 1 1 = 1 = M'L*T°A? = [R].
€& C [LTHMA3ZT*A?] ML?T3A?

Eo =810 V/m, BO =?

We know, By = Ho €0 CEp

Putting the values,

By = 4n x 107 x 8.85 x 1072 x 3 x 10°® x 810

=270109 x 10°=2.7x10° T = 2.7 uT.
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Electromagnetic Waves

B = (200 puT) Sin [(4 x 10" 5™ (t — x/C)]
a) By=200 puT
Eo=C x Bp =200 x 107° x 3 x 10° = 6 x 10*
1 ., (200x107°)? _ 4x10° 1

b) Average energy density = — B2 = =—— =0.0159 = 0.016.
21y 0 2x4nx107  8xx10~7 20

I =2.5x 10" w/m?
We know, | = %eo E3C

21 21
(0]
g C g C
_\/ 2x2.5x10M
8.85x107? x3x10°

Bo =m0 €0 CEg
=4x314x107" x8854x 10 % x3x10%x4.33x108=1.44T.

= Ei=

=0.4339 x 10° = 4.33 x 10® N/c.

Intensity of wave = % g, E5C

€0=8.85x10":E;=7;C=3x10%, | = 1380 W/m*
1380 = 1/2 x 8.85 x 10 x E2 x 3 x 10°
g2 - 2x1380 i
8.85x3x10™
= E,=10.195 x 10% = 1.02 x 10°
Eo = BoC

=103.95 x 10*

1.02x10°

— =3.398 x 10°=3.4x10"T.

= Bp= EO/C =

3x10
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ELECTRIC CURRENT THROUGH GASES
CHAPTER 41

Let the two particles have charge ‘g’
Mass of electron m, = 9.1 x 10 kg
Mass of proton m, = 1.67 x 107> kg
Electric field be E
Force experienced by Electron = qE
accln. = ge/me
For time dt
S, = 295 g2 (D)
2 mg
For the positive ion,
qE
4><mp

accln. =

2 4><mp
4

S, = x dt? ..(2)

mp
=—" =73406

p me
E=5Kvm=5x10°vim;t=1ps=1x10"s
F=gE=16x10"x5x 10°
4= 9E _16x5x107°

m 9.1x107
a) S = distance travelled

= %atz =439.56 m =440 m

Se
s

by d=1mm=1x10°m

1x10°%= 2,16x505 2
27 91
=91 1078 - t=1.508 x 10° sec = 1.5 ns.
0.8x5

Let the mean free path be ‘L’ and pressure be ‘P’
Lo 1/p for L = half of the tube length, P = 0.02 mm of Hg
As ‘P’ becomes half, ‘L’ doubles, that is the whole tube is filled with Crook’s dark space.
Hence the required pressure = 0.02/2 = 0.01 m of Hg.
V = f(Pd)
Vs = Ps ds
v =Pid
V, P, d, 100 10 Imm
VR4 100 20 x
=x=1mm/2=0.5mm
i=neorn=ile
‘e’ is same in all cases.
We know,
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Electric current through gases

i=AST? e ®RT  $=452eV,K=1.38x102 J/Kk

n(1000) = As x (1000)2 « e_4.52x1.6x10*19/1.38x10*23x1000
= 1.7396 x 10"

a) T=300K
n(T) _ ASx (300)? x @452x1.6x1071 /1.38x10"°300 705y 10°°
n(1000K) AS x1.7396x107" B
b) T =2000 K
nT) _ ASx (2000)2 < e—4.52x1.ex10*19/1.38x10*23x2000 050 x 10
n(1000K) ASx1.7396x10%7 -
c) T=23000K
n(T AS x (3000)2 x e—4.52x1.6x10*19 /1.38x10723x3000 16
n(10(0())K) - )As x1.7396 x 10 - 1340740
i = AST? g /KT
ip =i i, =100 mA
A, = 60 x 10* A, =3x10"
S, =S S,=S
T, =2000 T, =2000
o1 =45eV 0, = 2.6 eV
K =1.38 x 102 J/k
~4.5x1.6x1071°
i = (60 x 10%) (S) x (2000)? e1.38x10"%x2000
—2.6x1.6x1071°
100 = (3 x 10%) (S) x (2000)? e138x1072*x2000
Dividing the equation
. —4.5x1.6x10,-2.6x1.6x10
L e[ 1382 ' 13820 )}
100
= L —20xe ™ - ! _20x0.000016
100 100
= i=20x0.0016 = 0.0329 mA = 33 pA
Pure tungsten Thoriated tungsten
¢=45eV ¢=26eV
A =60 x 10* Alm* - K A=3x10" Alm* — K
i= AST? e /KT

IThoriated Tungsten = 5000 |Tungsten
4 2 —-23
S0, 5000 x S x 60 x 10" x T* x e 1.38xTx10

—2.65x1.6x107%°

=Sx3x10*xT?x e 138:Tx1072
—4.5x1.6x10719 —2.65x1.6x10719
8 —23 —23 4
—=3x10°x e 1.38xTx10 - e 1.38xTx10 x 3 x 10

Taking ‘In’
=9.21T=220.29
= T =22029/9.21 = 2391.856 K
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Electric current through gases

10.

11.

12.

i= AST? e /KT

i = ASTI2 @ ¢/KT

i T2 e t/KT

7T g
. 2 2

- (l) o/ KT+KT' _ (l) QOKT'=0 /KT
il -l—r Tl

. 2 4546401
= %:(_2000) e 138103 (L_Lj =0.8690

i (2010 2010 2000
i 1
=== =1.1495 =1.14
i’ 0.8699
A =60 x 10* A/m? — k?
d=45eV 6=6x10"° o/m’-k*
S=2x10"°m? K =1.38 x 102 J/IK

H=24 o'

The Cathode acts as a black body, i.e. emissivity = 1

L“E=cAT! (A is area)

1= E 24 =2x10"K = 20x10"K
cA 6x10%x2x10°°

= T=2.1147 x 10° = 2114.7 K

Now,i =AST?e /KT

=6x10°x 2 x 107° x (2114.7)? x e 138110

=1.03456 x 10° A=1mA
ip= CV3'? (1)

= dip = C 3/2 V&P v,

LN Q)
dv, 2 °
Dividing (2) and (1)
i dip 3/20y,"
ip de Cvp3/2
14, 3
ip dv, 2V

dp _2v

di, 3,
Ro 2V 2x60

= =4x10° = 4kQ
3ip  3x10x10~
For plate current 20 mA, we find the voltage 50 V or 60 V.

Hence it acts as the saturation current. Therefore for the same temperature, the plate current is 20 mA
for all other values of voltage.

Hence the required answer is 20 mA.
P=1W,p=7?
Vp=36V,V,=49V, P =1V,
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Electric current through gases

13.

14.

15.

16.

17.

P
=>ph=—=—
Vo

|p o (Vp)3/2
Iy o (V'p)*?
3/2

b (Vo)

LV

1/36 (36 )3’ 2
= ===

49

by
1 366

——=——x-=1,=04411

361, 49 7
P'=V,l,=49x0.4411=21613W =22 W
Amplification factor for triode value

Charge in Plate Voltage 8V,

~ "~ Charge in Grid Voltage 8V,
22502225 25 155 |- svp =250 225, 5Vg = 2.5 0.5]
25-05 2

rh=2KQ=2x10’Q

Om = 2 milli mho = 2 x 10~ mho

=Ty xgm=2x10°x2x 10° =4 Amplification factor is 4.
Dynamic Plate Resistance r, = 10 KQ = 10° Q

Sl =7

8V, =220-220=20V

3l = (8Vp I 1p) I Vg = constant.

=20/10" = 0.002 A =2 mA

SV,
rp= (—pJ at constant V,
4l
p

Consider the two points on V, = -6 line
(240-160)V 80

= —————— =—x10°Q = 8KQ
(13-3)x10°A 10

dl, ant
= | = |V,= constan
gm SVg p

Considering the points on 200 V line,
_ (13-3)x10° , 10x10°°
(-4+(-8)] 4

W =rpxgm
=8x10°Qx25x10°Q " =8x1.5=20
a) r, =8 KQ =8000Q
8V, =48V S, =7
3l = (8V, I 1p) I Vg = constant.
So, 3l, = 48/8000 = 0.006 A =6 mA
b) Now, V, is constant.
dl, =6 mA=0.006 A

= 2.5 milli mho

m
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Electric current through gases

18.

19.

20.

Om = 0.0025 mho
Vg = (8lp / gm) / V = constant.

_ 0.006 _
©0.0025
rp, =10 KQ =10 x 10° Q
n=20 V, =250 V
Vy=-7.5V l, =10 mA

ol
a) gm= [ﬁ}vp = constant
]

_ sy = Ob _15x107 -10x107
° Oy nin

-3
= Lcu _5_,5
20/10x10° 2
rg=+25-75=-5V

oV
b) r,=|—% |V, =constnant
p Sl 9

p

. 8V,
=10 =
(15x107° -10x107%)
=8V,=10*"x5x10° =50V
V', =V, =50 =V, =-50+V, =200V
V, =250V, Vy=-20V
a) ip = 41(V, + 7V
= 41(250 — 140)** = 41 x (110)**' = 30984 pA = 30 mA
b) iy = 41(V, + 7Vy)' ™
Differentiating,
dip = 41 x 1.41 x (V, + 7Vg)*** x (dV, + 7dVy)

dv,
Now r, = —_Vg = constant.

diy
dv, 1x10°

L o =10°x251x10°=25x10°Q=25KQ
di, 41x1.41x110"

or

c) From above,
dl, =41 x1.41 x6.87 x7d V,

di
Om= —~ =41x 141 x 6.87 x 7 p mho

dv,

= 2780 p mho = 2.78 milli mho.
d) Amplification factor
W=rXgn=25x10°x278x10°=6.95=7
ip = K(Vg + Vpl)*? (1)
Diff. the equation :
dip = K 3/2 (Vg + Vy/uw) 2 d V,
& = EK(Vg +ﬁjﬂ2

dVg 2 n
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Electric current through gases

21.

22.

= Om =32 K (Vg + V,/u)*? (2

From (1) i, = [3/2 K (V, + Vy/uw)"’® x 8/K® 27

= ip =K (Gm)° = g = 3\fiy

r, = 20 KQ = Plate Resistance

Mutual conductance = gy, = 2.0 milli mho = 2 x 10~° mho

Amplification factor p = 30
Load Resistance = R =?

We know
A= ”r where A = voltage amplification factor
1+
RL
r, x
= A="L ?m where |
1+
RL
3 -3
— 30= 20x10° x2x10 3= 4R,
14 20000 R, +20000

R
= 3R, + 60000 =4 R,
= R =60000 Q = 60 KQ

Voltage gain = B

1+ 2
RL

When A = 10, R_ = 4 KQ
3
10= — B g kx4x107
f 4x10° +r1
1+¢ p
4x10°
= 40 x10°x 10r,= 4 x 10> p (1)
when A=12, R, =8 KQ
5 HX8X103

2= % .
8x10% +1,

8
1+ 3
8x10

= 96x10°+12r,=8x10°p (2

Multiplying (2) in equation (1) and equating with equation (2)
2(40 x 10° + 10 1) = 96 x 10+3 + 12r,

= 1,=2x10°Q=2KQ

Putting the value in equation (1)
40 x 10° +10(2 x 10°) =4 x 10°

= 40 x10°+20 x 10°) =4 x 10°p

= u=60/4=15
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PHOTO ELECTRIC EFFECT AND WAVE PARTICLE QUALITY

CHAPTER 42
A1 =400 nmto A, =780 nm
E=hv= th h=6.63x10*j-s, c=3x10%m/s, A, = 400 nm, A, = 780 nm

_ 6.63x10*x3x10° 6.63x3

E 2 x10°=5x 10"
400x10"
E,= 263x3 1019 255103
7.8
So, the range is 5 x 107 J to 2.55 x 107*° J.
A =hlp
34
= p=tn=2810" 59 1306%107=1.33x 107 kg - mis.
500 x 10"

A1 =500 nm =500 x 10~°m, %, = 700 nm = 700 x 10° m

E; — E, = Energy absorbed by the atom in the process. = hc [1/A; — 1/A;]
= 6.63 x 3[1/5—1/7] x 1079 = 1.136 x 10*° J

P=10W .. Einlsec=10J % used to convert into photon = 60%
..Energy used =6 J

6.63x10% x3x10° 6.633

Energy used to take out 1 photon = hc/A = S x107Y
590x10~ 590
No. of photons used = 6 = 5590 1017 Z176.9x10"7 = 1.77 x 10°
6.63x3 -17 6.63x3
x10
590
a) Hereintensity =1=1.4 x 10° w/m? Intensity, | = POWer _ 1.4 x 10% w/m?
a
Let no.of photons/sec emitted = n .. Power = Energy emitted/sec = nhc/A = P

No.of photons/m? = nhc/A = intensity
_intensityx’  1.9x10°x5x107°
- hc  6.63x107* x3x10°
b) Consider no.of two parts at a distance r and r + dr from the source.
The time interval ‘dt’ in which the photon travel from one point to another = dv/e = dt.
In this time the total no.of photons emitted =N =n dt = (%j%

hc
These points will be present between two spherical shells of radii ‘r' and r+dr. It is the distance of the
point from the sources. No.of photons per volume in the shell

N  Paxdr 1  pA
2nr2dr hc?  4mr’ch  4rnhc?r?
In the case = 1.5 x 10 m, A = 500 nm, = 500 x 107° m

=3.5x10%

AN
2

(r+r+dr)=

P2 =1.4x10°%, .. No.of photons/m® = —ZLZ
4nr 4nr< he
-9
= 1.4 x 10° x 50010 =1.2x10%

6.63x107%* x3x10°®
c) No.of photons = (No.of photons/sec/m?) x Area
= (3.5 x 10%) x 4nr?
=3.5 x 10% x 4(3.14)(1.5 x 10')* = 9.9 x 10*.
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Photo Electric Effect and Wave Particle Quality

10.

A=663x10°m,0=60°n=1x10" A=hip

=P=p=10"%

Force exerted on the wall = n(mv cos 6 —(—mv cos 0)) = 2n mv cos 6.
=2x1x10° %107 x%=1x10°N.

Power =10 W P — Momentum
x:ﬁ or,P:D or,E:ﬂ
A t A
E= he or, E:h_c = Power (W)
A t At

W =Pc/t or, P/lt=W/c = force.

or Force = 7/10 (absorbed) + 2 x 3/10 (reflected)

7 W 3 W 7 10 3 10
— X— 42X —X— => —X +2x—xX

10 C 10 C 10 3x108 10 3x108
13/3x 10 =4.33 x 10 N.

m=20g
The weight of the mirror is balanced. Thus force exerted by the photons is equal to weight
hp e e
A A
= E = EC
t ot

= Rate of change of momentum = Power/C
30% of light passes through the lens.
Thus it exerts force. 70% is reflected.
. Force exerted = 2(rate of change of momentum)

=2 x Power/C
30%(2>< Powerj _mg
C
-3 8
— Power = 20x107° x10x3x10° x10 ~ 10w = 100 MW.
2x3
Power = 100 W
Radius = 20 cm
60% is converted to light = 60 w
Now, Force = -POWer _ 60 _ 2x107'N.
velocity 3x10°
-7
Pressure = force _ 2x10 S T
area 4x3.14x(0.2)° 8x3.14
=0.039x10°=3.9x 107 =4 x 107 N/m>.
We know,

If a perfectly reflecting solid sphere of radius ‘r’ is kept in the path of a parallel beam of light of large
aperture if intensity is I,

Force = izl
c
I=05W/m% r=1cm, C=3x10®m/s
nx(1)?x0.5 3.14x0.5
3x108  3x10®
=0.523x10°%=52x10°N.

Force =
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11.

12.

13.

14.

15.

16.

For a perfectly reflecting solid sphere of radius ‘r’ kept in the path of a parallel beam of light of large

aperture with intensity ‘I’, force exerted = <

If the i undergoes an elastic collision with a photon. Then applying energy conservation to this collision.

We get, hC/A + moc? = mc?

and applying conservation of momentum h/A = mv
My

from above equation it can be easily shown that

V=C or V=0

Mass ofe=m =

both of these results have no physical meaning hence it is not possible for a photon to be completely

absorbed by a free electron.

r=1m
2 2
Energy = i:ki
1
2
Nowlki—h_c ok_h_c
1 kg?

For max ‘A’, ‘q’ should be min,
For minimum ‘e’ = 1.6 x 10°° C

Max A = h—cz = 0.863 x 10° = 863 m.

kq

-34 8
For next smaller wavelength = 6.63x3x10 ~ x10 = 863 =215.74m

9x10°x(1.6x2)?x107%® 4

A2 =350nn=350x10"m
¢=19eV

-34 8
Max KE of electrons = h_C_d) = 6.63 Xlg x 3><1019 -1.
A 350x107° x1.6x10"

=1.65ev=1.6ev.
Wy=25x107"]
a) We know Wy = hvg
W, 25x107"
h  6.63x107%
b) eVy=hv —W,
or. V, = hv-W, 6.63x10x6 xlol‘l‘g— 25x107 _ 0.01V
e 1.6x10"
$=4eV=4x16x10"1
a) Threshold wavelength = A

Vo = =3.77x 10" Hz = 3.8 x 10" Hz

¢ = hc/h
-34 8 27
- = h_C: 6.63x10 ><31>;10 _ 6.63><3X10 i ~31x10"m =310 nm.
) 4x1.6x10" 6.4 10~
b) Stopping potential is 2.5 V
E=¢+eV

= hc/h=4x16x10"°+1.6x 10 x 25
_ 6.63x107** x3x10°
© Ax1.6x107%®

6.63x3x107%
1.6x10°x6.5

= A =4+25

=1.9125 x 10~ = 190 nm.
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17. Energy of photoelectron

-15 8
= m?= hTC—hv0 = 414x10 7 x3x107 5 5oy = 0.605 ev.

4x1077

We know KE = P = P?=2m x KE.
2m
P2=2x9.1x10""%x0.605 x 1.6 x 107°
P =4.197 x 10 kg — m/s
18. A =400 nm =400 x 10° m

Vo=1.1V
hc hc
—=—+ev,
N g
34 8 34 8
_, 66310 xa;xlo _6.63x107%x3x10° o oo Lo
400x10" Ao
—26
— 497= 989107 7
)\‘0
—26
_, 1989107 _ 97 176=321
)\‘0
—26
= Ao = % = 6.196 x 107 m = 620 nm.

19. a) When A =350, V¢ = 1.45
and when X =400, Vs =1
hc

potential
and 1S =w +1 (2)
400 10—

Subtracting (2) from (1) and solving to get the value of h we get
h=4.2x 10" ev-sec

b) Now work function = w = th =ev-s

= @—1.45 =2.15ev.
350
_ hc hc
c) w= T = Mthere cathod = W
- 1240 _ 576.8 nm
2.15
20. The electric field becomes 0 1.2 x 10" times per second.
15
. Frequency = % =0.6 x 10"
hv = (1)0 + KE

= hv—¢o=KE
_ 6.63x107**x0.6x10"
- 1.6x107Y
=0.482 ev=0.48 ev.
21. E=Egsin[(1.57 x 10" m™) (x — ct)]
W =157x10"xC

= KE
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22.

23.

24.

25.

_ 1.57x10" x3x108
= Hz
2n
Now eVy=hv — W,
15
=414 %1075 % 227X3x107 4 g,
T

=3.105-1.9=1.205ev

_ 1.205x1.6x107*°

© 16x10%

E =100 sin[(3 x 10" s™)t] sin [6 x 10" s™){]
=100 % [cos[(9 x 10" s™)t] — cos [3 x 10" s )]

The w are 9 x 10*® and 3 x 10™°

for largest K.E.

f= Wma 9x10%®

2n 2n

E — ¢o = K.E.

= hf-¢o = K.E.
6.63x107%* x9x10"®

2nx1.6x107°

= KE =3.938 ev=23.93 ev.

Wy=hv —ev,
_ 5x107°
 8x10
=6.25x10°-3.2x10°=3.05x 107 J

_ 3.05x107*°
© 16x1079
We have to take two cases :
Casel ... vyp=1.656
v=5x 10" Hz
Casell... vy=0
v=1x 10" Hz
We know ;
a) evy=hv-w,
1.656e = h x 5 x 10 —w, (1)
0 =5h x 10" = 5w, (2
1.656e = 4w,

= Wp= @ ev=0.414 ev

= f Wo:l.geV

So, Vo =1.205V.

-2=KE

=1.906 eV.

b) Putting value of wy in equation (2)
= 5wp = 5h x 10™

= 5x0.414=5xhx 10"

= h=4.414x 10" ev-s

wo =0.6 ev
For wg to be min ‘A’ becomes maximum.
_hc _ hc _ 6.63x107*x3x10°®
W= — OFA= — = —
A Wq 0.6x1.6x10

=20.71 x 107" m = 2071 nm

~1.6x107*° x 2 (Given V, = 2V, No. of photons = 8 x 10*°, Power = 5 mW)

V (in volts)

T T
1 2 3 4
v(in 10 Hz)
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26.

27.

28.

29.

A=400nm,P=5w
E of 1 photon = he = (%J ev
A 400
5 5x 400
Energy of 1 photon T 161019 x1242
No.of electrons = 1 per 10° photon.

No.of electrons =

5x 400
1.6x1242x107"° x10°8
Photo electric current = o 1255 41002 o x1.6x107° =1.6 x 10°A = 1.6 pA.
.0 X X X
A=200nm=2x10"m

hc  6.63x107%* x3x10°8

No.of photoelectrons emitted =

E of one photon === = PNTE: =9.945 x 107"
X
-7 e
No.of photons = PYYCTEE 9?51010719 =1x10"no.s
. X
11
Hence, No.of photo electrons = 11%)? =1x10’

Net amount of positive charge ‘q’ developed due to the outgoing electrons
=1x10"x1.6x10™=1.6x 10 C.

Now potential developed at the centre as well as at the surface due to these charger
_Kg_9x10°x1.6x107"
r 48x107

0o =2.39 eV

A1 =400 nm, A, = 600 nm

for B to the minimum energy should be maximum

. & should be minimum.

=3x10tv=03V.

E-= th—q)o =3.105 - 2.39 = 0.715 eV. 10cm ®

The presence of magnetic field will bend the beam there will be no current if
the electron does not reach the other plates.

mv

qB

]

2m
gB

= r=

_ J2x9.1x10x1.6x107° x0.715
- 1.6x10° xB

= B=285x10"°T

Given : fringe width,

= 0.1

y=1.0mmx2=2.0mm,D=0.24 mm,Wy=22ev,D=12m B |

AD A 1].s
y=— B |

d A |

yd 2x107°x0.24x10°3 ° '

or,A= == - =4x10" m
D 1.2
-15 8

E:h_C:4.14><10 x3x10 = 3105 ev

A 4x10

Stopping potential eV, = 3.105 - 2.2 =0.905 V
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30.

31.

32.

33.

¢=4.5eV, L =200nm
Stopping potential or energy = E — ¢ = WTC -0

Minimum 1.7 V is necessary to stop the electron
The minimum K.E. = 2eV

[Since the electric potential of 2 V is reqd. to accelerate the electron to reach the plates]

the maximum K.E. = (2+1, 7)ev = 3.7 ev.

Given

6=1x10"cm™ Wy (Cs) =1.9eV, d =20 cm = 0.20 m, A = 400 nm
we know — Electric potential due to a charged plate =V =E x d
Where E — elelctric field due to the charged plate = 6/Eq

d — Separation between the plates.

-9
vz Sygo X107 x20 oo pggv =226

E, 8.85x107*? x100

_ _ hc 4.14x107 x3x108
Ve =hv—-wg= ——-w, = -
I8 4%x1077

1.9

=3.105-1.9=1.205 ev
or, Vo=1.205V
As Vy is much less than V'

Hence the minimum energy required to reach the charged plate must be = 22.6 eV

For maximum KE, the V must be an accelerating one.

Hence max KE =V +V = 1.205 + 22.6 = 23.8005 ev

Here electric field of metal plate = E = P/E,

_1x107®

© 8.85x10 2

accl.de=¢=q9gE/m
_ 16x10%°x113

=113 v/im

=19.87 x 102

Metal plate

T A A AA~31 |
9.1x10 y=200m f \
o V2 _N2x20x107 _ |

=1.41x 10" sec

a 19.87x107%

K.E. = hTC—W =12eV

=1.2 x 1.6 x 10™° J [because in previous problem i.e. in problem 31 : KE = 1.2 ev]

_V2KE  \2x1.2x1.6x107%

m 41x10®

". Horizontal displacement = V, x t
=0.655x 10° x 1.4 x 107" = 0.092 m = 9.2 cm.

When A =250 nm

hc 1240

Energy of photon= — =——=4.96 ev
gyorp A 250

LV =0.665 x 10°

. KE. = hTC—w =4,96-1.9 ev=23.06ev.

Velocity to be non positive for each photo electron
The minimum value of velocity of plate should be = velocity of photo electron

" Velocity of photo electron = +2KE/m
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-19
_ m _ [3.06x1.6 X_i? =1.04 x 10° m/sec.
9.1x10 9.1x10

34. Work function = ¢, distance = d
The particle will move in a circle
When the stopping potential is equal to the potential due to the singly charged ion at that point.
hc

eVog= ——
0= = o
hc 1 ke hc 1
= Vo= |——0¢|—=>—=|——-0 |—
° (x d)je 2d (x ¢)e
2 2 2
- Ki:h_c_d):h_c:Ke er):Ke +2d¢
2d A A 2d 2d
_ hcad 2hcd 8meyhed
> A= — i =— .
Ke +2d¢ 2+2d¢ e +87'E80d¢
47'[80e
35. a) When A =400 nm
Energyofphoton:h—C:@:&lev
A 400

This energy given to electron
But for the first collision energy lost = 3.1 ev x 10% = 0.31 ev
for second collision energy lost = 3.1 ev x 10% = 0.31 ev
Total energy lost the two collision = 0.31 + 0.31 = 0.62 ev
K.E. of photon electron when it comes out of metal
= hc/A — work function — Energy lost due to collision
=3.1lev-22-0.62=0.31ev
b) Forthe 3" collision the energy lost = 0.31 ev
Which just equative the KE lost in the 3" collision electron. It just comes out of the metal
Hence in the fourth collision electron becomes unable to come out of the metal
Hence maximum number of collision = 4.
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BOHR’'S THEORY AND PHYSICS OF ATOM
CHAPTER 43

goh® _ A’TA(MLPT)?  MPL'T
mme?  L2MLT2M(AT)2  M2L3T2
..ap has dimensions of length.
We know, & =1/% = 1.1 x 10" x (1/n;® = 1/n,?)
a) n=2,n,=3
or, 1/ = 1.1 x 10" x (1/4 — 1/9)
_ 36
5x1.1x10’
b) np=4,n,=5
A=1/% =1.1x 10 (1/16 — 1/25)
_ 400
1.1x10" x9
for R = 1.097 x 10’, A = 4050 nm
c) n=9,n,=10
1/A = 1.1 x 10" (1/81 — 1/100)
or, A :LO7 = 387.5598 x 10" = 38755.9 nm
19x1.1x10
for R =1.097 x 10; A = 38861.9 nm
Small wave length is emitted i.e. longest energy
n=1,n,=wo

1 1
Vi)
A ng —n;

= 1 =1.1x10’ (E—i)
A 1

a0:

or, : =6.54 x 107" = 654 nm

or, A = 40.404 x 107" m = 4040.4 nm

o0
= A= ;7 ~ L 107 =0.909 x 107 = 90.9 x 10°° = 91 nm.
1.1x107 1.1
b) lZZZR %
A ng.—-n,
= A= L ol onm

=

C) —:ZZR %
A n°-n,

= A= 91gng—lzlonm
z 9

me*

8h%Ce2

Me=9.1x10 kg, e=1.6 x10"¢c, h=6.63x 102" J-S, C =3 x 10° m/s, &, = 8.85 x 10™*
_ 9.1x10731 % (1.6 x10729)*
 8x(6.63x1073)® x3x10° x (8.85x102?)2
ng=2,N,=w

E = —13.6_—13.6:13.6[%_LJ

Rydberg’s constant =

or, R =1.097 x 10’ m™*

2 2 2
ny n, n n

=13.6 (1/o — 1/4) =-13.6/4 = -3.4 eV
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a) n=1,r= > = A°
mmZe 4
_ 0.53x1 = 0.265 A°
2
— 2 —
.o 13.262 _7186x4 _ .0y
n 1
b) n=4,r= %:4.24A
e= 28 s4ev
164
c) n=10,r= W:ZG.SA
&= M:_o_544A
100

As the light emitted lies in ultraviolet range the line lies in hyman series.

e
A n; n;

1

G —
102.5x10"
9 2
10 =1.1x10"1-1/nd) = 10 =1.1x10"(1-1/n3)
102.5 102.5
1 100 1 1-100

> l-S=——"=
n2 102.5x1.1

= n,=297=3.

a) First excitation potential of
He'=10.2 x 22 =10.2 x 4 = 40.8 V

b) lonization potential of L,**
=13.6VxZ°=13.6x9=1224V

n=4->n,=2

nN=4-3-2

1 1.097 x107 (i —1)
16

=1.1x 10" (1/1% = 1/ny%)

N2 1025x1.1

A 4
_ 7
1 :1_09”107(1 4) _ 1.097x107x3
A 16 16
-7
p= 10}10° _ ) g617 %107
3x1.097

=1.861 x 107° = 487 nm
n=4andn,=3

l=1.097x107 (i—l)
A 16 9
_ 7
- 1:1_09”107(9 16):1.097><10 x7
A 144 144
= A 144 = 1875 nm

 7x1.097x107
n=3->n,=2

1_ 1.097 x107 (i—ij
A 9 4
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10.

11.

12.

13.

14.

15.

— 7
= l :1.097x107(4 9) - 1.097 x10' x5
. 36 66
—7
= 36x10° _ coeim
5x1.097
A =228 A°
-34 8
B Xfox 19" -o00872x 107
A 228x10"

The transition takes place formn=1ton=2
Now, ex. 13.6 x 3/4 x z° = 0.0872 x 107*°

2~ 0.0872 x1071% x 4

= =5.3
13.6x3x1.6x107%°

z=+5.3 =23
The ion may be Helium.
F= CI1Q22
Angyr

[Smallest dist. Between the electron and nucleus in the radius of first Bohrs orbit]
(1.6x10719) x (1.6 x10™°)x 9x10°
(0.53x10719)2

a) From the energy data we see that the H atom transists from binding energy of 0.85 ev to exitation
energy of 10.2 ev = Binding Energy of —-3.4 ev.

=82.02x10°=8.202x10°=82x10°N

So,n=4ton=2 -0.85 eV
b) We know = 1/% = 1.097 x 10’ (1/4 — 1/16) -15ev
16 7 : -3.4ev
A= ——————=4.8617 x 107 = 487 nm. 136y

© 1.097x3x10’
The second wavelength is from Balmer to hyman i.e. fromn=2ton=1
n=2ton,=1

1
L(id
A ng n;
= 1 _1.097x107 [iz _izj 1,097 %10 (1 B )
A 22 7 4
=L><10_7
1.097x3
=1.215x 10" =121.5 x 10° = 122 nm.

Energyatn=26,E = % =-0.3777777

= A

Energy in groundstate = -13.6 eV

Energy emitted in Second transition = -13.6 —(0.37777 + 1.13)
=-12.09=12.1eV

b) Energy in the intermediate state = 1.13 ev + 0.0377777

13.6xz> 13.6

n? n?

=1.507777 =

or,n= 136 _ 3.03=3=n.

1.507
The potential energy of a hydrogen atom is zero in ground state.
An electron is board to the nucleus with energy 13.6 ev.,
Show we have to give energy of 13.6 ev. To cancel that energy.
Then additional 10.2 ev. is required to attain first excited state.

Total energy of an atom in the first excited state is = 13.6 ev. + 10.2 ev. = 23.8 ev.
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16.

17.

18.

19.

20.

21.

22.

23.

Energy in ground state is the energy acquired in the transition of 2" excited state to ground state.

As 2™ excited state is taken as zero level.
_hc _4.14x107°x3x10° _ 1242

E 5 =27 ev.

M 46x10° 46
Again energy in the first excited state

-15 8

E= h_C: 4.14x107 x3x10 —12ev.

M 103.5
a) The gas emits 6 wavelengths, let it be in nth excited state.

= nn-1 =6=>n=4 .. Thegasisin 4" excited state.

=6=>n=4

. Lo -1
b) Total no.of wavelengths in the transition is 6. We have %

a) Weknow,mvor= m = mriw = n_h = W= Lz
2n 2n 2nxmxr

1x6.63x1073

T 2x3.14x9.1x10 X (0.532 x10° 0.413 x 10" rad/s = 4.13 x 10" rad/s.
X o. X 9. 1% x (0. X

The range of Balmer series is 656.3 nm to 365 nm. It can resolve A and A + AA if /AL = 8000.

656.3-365 _

8000
Total no.of lines 36 + 2 = 38 [extra two is for first and last wavelength]
a) np=1,n,=3,E=13.6 (/1 - 1/9) =13.6 x 8/9 = hc/A

.. No.of wavelengths in the range = 36

-15 8 -7
or, l3.6><8:4.l4><10 x3x10 :>}»:4'14X3X10 - 1.027 x 10~ = 103 nm.
9 A 13.6x8
b) As ‘n’ changes by 2, we may considern=2ton=4
1242

or A =487 nm.

then E =13.6 x (1/4 — 1/16) = 2.55 evand 2.55 =

L Y/
Frequency of the revolution in the ground state is 2—0
il

[ro = radius of ground state, V, = velocity in the ground state]

. . N/
-.Frequency of radiation emitted is —2—=f
27'["0

C2nr,

0

S~ C=fA=A=Clf=

_ C2mry _

0

SO 45.686 nm = 45.7 nm.

KE = 3/2 KT = 1.5 KT, K = 8.62 x 10~ eV/k, Binding Energy = —13.6 (1/o — 1/1) = 13.6 eV.

According to the question, 1.5 KT = 13.6
= 15x862x10°xT=13.6

7= 138 _i05410°k

1.5x8.62x107°

No, because the molecule exists an H," which is impossible.
K =8.62 x 107 eV/k
K.E. of H, molecules = 3/2 KT
Energy released, when atom goes from ground state to no = 3
= 13.6 (1/1 -1/9) = 3/2 KT = 13.6(1/1 — 1/9)

— 3/2x862x10°T= 13.6x8

= T=0.9349 x 10° = 9.349 x 10* = 9.4 x 10* K.
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24.

25.

26.

27.

28.

n=2,T=10"s
4
Frequency = ———
quency 4¢2n°h®
2,~-31,3 2 3 3 -24 -102
So, time period = 1/f = 450 n4h 4x(8.85)2 %2 ><4(6.63) 10 %2)
me 9.1x(1.6) 10
=12247.735 x 107*° sec.
1078

No.of revolutions = =8.16 x 10°

12247.735x107%°

= 8.2 x 10° revolution.
Dipole moment (u)

= niA=1xg/tA=gfA

4e5h°n 4e5h™n

(9.1x1071)(1.6 x107%°)® x £ x(0.53)? x10% x 1
4x(8.85x10712)%(6.64 x10734)%(2)°
0.0009176 x 10°=9.176 x 10 A - m>.

exme* x nr2n?

= ex

Magnetic Dipole moment=niA =

nh
Angular momentum = mvr = —

2n

Since the ratio of magnetic dipole moment and angular momentum is independent of Z.

Hence it is an universal constant.

Ratio =

e® xmx nrZn? (2n (16 x10719)° x (9.1x107%) x (3.14)? x (0.53 x 10710)?

24g,h®n®  nh
=8.73 x 10" C/kg.
1242

The energies associated with 450 nm radiation = 250 =276 ev

1242

2x(8.85x1072)2 x (6.63 x1073)* x 12

Energy associated with 550 nm radiation = =50 =2.258 = 2.26 ev.

The light comes under visible range
Thus,n;=2,n,=3,4,5, ......
E,—E;=13.6 (1/2°-1/3%) =19ev
E, - E,=13.6 (1/4 — 1/16) = 2.55 ev
E, — Es = 13.6 (1/4 — 1/25) = 2.856 ev

Only E, — E, comes in the range of energy provided. So the wavelength corresponding to that energy

will be absorbed.

A= % =487.05 nm = 487 nm
2.55

487 nm wavelength will be absorbed.

From transitions n =2 to n =1.
E=13.6(1/1-1/4)=13.6 x 3/4=10.2 eV

Let in check the transitions possible on He.n=1to 2
E;=4x13.6 (1-1/4)=40.8eV
n=1ton=3

E,=4x13.6 (1-1/9)=48.3¢eV
Similarly n = 1 to n = 4 is also not possible.
n=2ton=3

Es=4x13.6 (1/4 — 1/9) =7.56 eV

[E2 > E hence impossible]

[E1 > E hence it is not possible]
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20.

30.

31.

32.

n=2ton=4
E,=4x13.6 (1/4 —1/16) =10.2 eV
As,Ez<EandE,=E
Hence E; and E, can be possible.
A =50 nm
Work function = Energy required to remove the electron from n; = 1 to n, = .
E=13.6 (1/1 - 1/0) =13.6
h—0—13.6 =KE
Y

= %—13.6 =KE=KE=24.84-13.6=11.24¢eV.

A =100 nm
_he 1242 _ 15 soev
A 100
a) The possible transitions may be E; to E,
E; to E,, energy absorbed = 10.2 eV
Energy left = 12.42 — 10.2 = 2.22 eV
2.22eV = th = % or A =559.45 = 560 nm
E; to E3, Energy absorbed = 12.1 eV
Energy left = 12.42 - 12.1 = 0.32 eV
0.32= he = 1242 or A= 1242 _ 3881.2 = 3881 nm
Y Y 0.32
E; to E4, Energy absorbed = 0.65

Energy left = 12.42 - 0.65 = 11.77 eV

11.77 = he _ 1242 or A= 1242 _ 105.52
A A 11.77
b) The energy absorbed by the H atom is now radiated perpendicular to the incident beam.

—10.2= he ori= 1242 _ 121.76 nm

A 10.2
—121= h_c orA= % =102.64 nm

A 12.1
— 0.65 = h_c orA= % =1910.76 nm

A 0.65

6=1.9eV
a) The hydrogen is ionized
n=1n,=o
Energy required for ionization = 13.6 (1/n,> — 1/n,%) = 13.6
hTC—l.Q =13.6 = A =80.1 nm =80 nm.

b) For the electron to be excited fromn; =1ton, =2

E =13.6 (1/n,* - 1/n,") = 13.6(1 - %) = @
hTC—l.g = 136x3 = A=1242/12.1 =102.64 = 102 nm.

The given wavelength in Balmer series.

The first line, which requires minimum energy is fromn; =3 to n, = 2.

.. The energy should be equal to the energy required for transition from ground state to n = 3.
i.e. E=13.6[1-(1/9)] = 12.09 eV

.. Minimum value of electric field = 12.09 v/m = 12.1 v/m
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33. In one dimensional elastic collision of two bodies of equal masses.
The initial velocities of bodies are interchanged after collision.
.. Velocity of the neutron after collision is zero.
Hence, it has zero energy.

34. The hydrogen atoms after collision move with speeds v; and v,.

mv = mv; + mv, ..(1)
1 5, 1 5, 1 5

—mv® =—mv; +—mv; + AE ..(2
2 oMV +omv; (2)

From (1) v2 = (v; + V2)* = V2 +V3 +2v,v,
From (2) v> = vZ +v2 + 2AE/m
2AE
= 2V, = ...(3)
(Vi—Vo)? = (Vi +Vp)2 —4vyv,
= (V1 — Vp) = V* — 4AE/m
For minimum value of ‘v’
Vi =V, = V2 — (4AE/m) = 0
P AAE _ 4x13.6x1.6x107*°
m 1.67x107%

_ \/4><13.6 x1.6x107%
= v=
1.67x107%
35. Energy of the neutron is % mv2,
The condition for inelastic collision is = % mv® > 2AE
= AE = ¥Va mv?
AE is the energy absorbed.
Energy required for first excited state is 10.2 ev.
.. AE<10.2ev

=7.2 x 10* m/s.

4x10.2
m

~102ev<¥am? = Vmin = ev

=6 x 10* m/sec.

\/10.2 x1.6x1071 x4
1.67x107%
36. a) A =656.3 nm

-34
Momentum P = E/C = h—cxlzﬂ = &109

A c A 656.3x10
b) 1x107% =167 %107 xv

=v=1/1.67=0.598 =0.6 m/s

=0.01 x 10%° =1 x 10 kg-m/s

-27
¢) KE of atom =% x 1.67 x 1077 x (0.6)° = 2200010 o _ 194107 ev.
1.6x10°
37. Difference in energy in the transition fromn=3ton=2is 1.89 ev.
Let recoil energy be E.

Yame [Vo = V5] +E=1.89ev=189x16x10"°J

2 2
" %x9.1><10_3{[¥) ‘(%} }E =3.024x107°)

= E=3.024 x 10 - 3.0225 x 10>
38. n1:2, n2:3
Energy possessed by H,, light
=13.6 (1/n,° = 1/n,%) = 13.6 x (1/4 — 1/9) = 1.89 eV.
For Ha light to be able to emit photoelectrons from a metal the work function must be greater than or
equal to 1.89 ev.
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. The maximum energy liberated by the Balmer Seriesisn; =2, n, =«
E =13.6(1/n,°—1/n,%) = 13.6 x 1/4 = 3.4 eV
3.4 ev is the maximum work function of the metal.

. Wocs=1.9eV

The radiations coming from the hydrogen discharge tube consist of photons of I I
energy = 13.6 eV.
Maximum KE of photoelectrons emitted
= Energy of Photons — Work function of metal.
=136eV-19eV=11.7eV
. A =440 nm, e = Charge of an electron, ¢ =2 eV, V, = stopping potential.

4.14x107*° x3x10®
440x107°

= eV, =0.823 eV = V= 0.823 volts.

Mass of Earth = Me = 6.0 x 10** kg

Mass of Sun = Ms = 2.0 x 10*° kg

Earth — Sun dist = 1.5 x 10"' m

21,2

nh n“h

mvr= — or,m’v’r’= ——
2n 4n

We have, th -d=eVy, = —2eV =gV,

(1)

GMeMs _Mev?

r2 r

Dividing (1) and (2)

or v’ = GMs/r (2

n’h?

We get Me’r = —
47°GMs

forn=1

2
r= }% =229x10*¥m=23x10"m.
4n“GMsMe

Me? xr x 4x t° x G x Ms

b) n®= - =25x10™.
h
meVr = ﬂ (1)
n
2
GMgMe _mV2 _ GM, _ @)
r r r
Squaring (2) and dividing it with (1)
m2v?r?2  n?h?r 2 n°hr _ n’h%r
2 = 2 = mer= — =>r= e
v 4n°Gm, 4n°Gm, 4n“Gm,me
=>v= nh from (1)
2nrmg
_ nh4x®GM,M2 _ 27GM,M,
2nM n?h? nh
2 22\ 12013
KE = lmevz :lme (2nGM M, )* _ 4n°G*MaM;
2 2 nh 2n’h?

pE = “OMM, _ ~GMM4n°GMMz _ —47°G’MaMZ

r n2h2 n2h2

2n°G2MEME

Total energy = KE + PE =
i 2n%h?
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44. According to Bohr's quantization rule

45.

46.

nh
mvr = —
27
‘r'is less when ‘n’ has least value i.e. 1
or, mv = _nh_ ...(2)
2nR
Again, r = m, or, mv =rgB ..(2)
gB
From (1) and (2)
nh
rgB= — =e
q o [g
=r= nh =r=,h/2neB [here n = 1]
2neB
. . nh
b) For the radius of nth orbit, r = .
2neB
nh mv
C) mvr= —,r= —
2n gB
Substituting the value of ‘r' in (1)
mv  nh
mvx—=—
gB 2=
= may? = 1heB [n=1,g=¢€]
T

>, heB heB
Ve = > = orv= 5 -
2mm 2mtm

even quantum numbers are allowed

n; =2, n, =4 — For minimum energy or for longest possible wavelength.

_ 1 1 1 1) ._
E= 13.6[—2——2J =13.6(2—2——J =255

ng n; 4?
= 255= h_c
X
- he _1242 _ 107 05nm =487 nm
255 255

Velocity of hydrogen atom in state ‘n’ = u
Also the velocity of photon = u
Butu<<C

Here the photon is emitted as a wave.

So its velocity is same as that of hydrogen atom i.e. u.

.. According to Doppler’s effect

frequency v = v (1+U/Cj
\1-u/c
u
asu<<<C 1-—=q
c
(1+u/c) ( uj ( uj
LV =V =Vo|1l+—| =>Vv=vy| 1+—
1 c c
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X - RAYS
CHAPTER 44

A=0.1nm

_hc 1242 evnm
a) Energy = - = “oirm

=12420 ev =12.42 Kev = 12.4 kev.

8 8
b) Frequency = € __3x10 5 :3X11% =3x10'®Hz
A 0.1x10” 10™

3 -19
c) Momentum =E/C = 12.4x107 x1.6x10 = 6.613 x 107** kg-m/s = 6.62 x 10~** kg-m/s.

3x108

Distance = 3 km = 3 x 10° m
C=3x10°m/s
_ Dist _ 3x10° 10 sec.
Speed 3x10°
= 10 x 10°® sec = 10 ps in both case.
V =30 KV
_hc hc 1242 ev—nm
" E eV  ex30x10°
A=010nm=10""m; h=6.63x10*J-s

=414 x 10 nm = 41.4 Pm.

C=3x10°m/s; e=16x10"C
hc hc

Amin = — or V=—

ey er

_ 6.63x107** x3x10°®
1.6x107° x107°
hc  6.63x107* x3x10°

Max. Energy = - 10 =1989x10%=1089x10°=2x10"5J.

=12.43 x 10°V = 12.4 KV.

}\‘:80pm,E: h_C:l2—423
A 80x10”

We know A = h_c
\Y

=15.525 x 10° eV = 15.5 KeV

Nowy= NS _ A
101V 1.01

o ez 001
1.01

0.01x2 100=—1 =0.9900 = 1%.
01x A 1.01

d=1.5m,2=30pm=30x10"°nm

% change of wave length =

E= h—czizg =41.4x10° eV
A 30x10”
3

Electric field = %: % = 27.6 x 10° V/m = 27.6 KV/m.
Given A'=A—-26 pm,V' =15V
Now,2= "¢ p=DC

ev ev
or AV =1V

SAV=(A-26x10")x 15V
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10.

11.

12.

13.

14.

=A=151-15x26x10"

_ 39x107%2

05

v = he _ 6.63x3x107* x10°
er 1.6x107°x78x107*

V=32KV=32x10°V

When accelerated through 32 KV

= =78x 102 m

E=32x10°eV
x:h—C=12—423:38.8x10‘3nm:38.8pm.
E 32x10
hc 18
A= —:V=40kV,f=9.7 x 10" Hz
eV
or,nzl;or,lzl;orh:ﬂv_s
c eV f eV f
3
=&V s 4010 10 eves,
f 9.7 x10%

V=40KV =40 x 10° V
Energy = 40 x 10% eV

Energy utilized = %x 40x10° =28 x 10% eV

=S w = 44.35 x 10~ nm = 44.35 pm.
E  28x10° ev

For other wavelengths,

E = 70% (left over energy) = 17000 x (40 —28)10° =84 x 10°.
p=NC_ % =147.86 x 10~ nm = 147.86 pm = 148 pm.
E 8.4x10
For third wavelength,
-0 (12 - 8.4) x 10% =7 x 3.6 x 10° = 25.2 x 10°
100
p=NC_ LZZ =49.2857 x 1072 nm = 493 pm.
E 25.2x10
K, = 21.3 x 107 pm, Now, Ex — E, = 12—423 =58.309 kev
21.3x10"
E, = 11.3 kev, Ex = 58.309 + 11.3 = 69.609 kev
Now, Ve = 69.609 KeV, orV =69.609 KV.
A =0.36 nm
_ 1242

E==——- =3450eV (Ey-E
0.36 (Em — Ex)

Energy needed to ionize an organ atom = 16 eV
Energy needed to knock out an electron from K-shell
= (3450 + 16) eV = 3466 eV = 3.466 KeV.

A1 =887 pm
8
V= E:Lo12 =3.382x 10" =33.82 x 10 =5.815 x 10°
L 887x10”
A2 = 146 pm
8
= Lolz =0.02054 x 10%° = 2.054 x 10*® = 1.4331 x 10°.
146 x10~

44.2

=0.15937 x 10° = 15.93 x 10° V = 15.93 KV.



X-Rays

15.

16.

17.

We know, v =a(z-b)

- V5.815x10% =a(13-b)
J1.4331x10° = a(30 - b)

- 13-b 5815 x107t
30-b 1.4331

= 30 x 0.4057 — 0.4057 b=13-b

—12.171-0.457b+b=13

=0.4057.

= 0829 _ 39401
0.5943
8
a= 2815107 4 51353,108 =5 10",
11.33
For ‘Fe’,

Jv =5x 10" (26 — 1.39) = 5 x 24.61 x 10’ = 123.05 x 10’
c/x = 15141.3 x 10"

_ _ 3><108 _ 6 _ —12 _
=h= ——————+ =0.000198 x 10" m =198 x 10" = 198 pm.
15141.3x10

E = 3.69 kev = 3690 eV
)= hc 1242

— =—— =0.33658 nm
E 3690

Je/n =a(z-b); a=5x10" +Hz, b =1.37 (from previous problem)

8
4/% =5x107(Z2-1.37) = v8.82x10" =5x10"(Z-1.37)
. X

=09.39x10°=5%x10"(Z-1.37) = 939/5=2-1.37
=72=20.15=20

. The element is calcium.

Kg radiation is when the e jumps from

n=3ton =1 (here nis principal quantum no)

L 2(1 1
AE = hv = Rhc (Z—h) (2—2—3—2j

= W= [z -h)

N Ty

Second method :

We can directly get value of v by °

hv = Energy

_ Energy(in kev)

R —

This we have to find out +/v and draw the same graph as above.
b=1

=V

For o a (57)

Jv =a(@z-b)
= Jv =a(b7-1)=ax56 ..(1)
For Cu(29)

V1.88x10"® =a(29-1)=28a ...(2)

dividing (1) and (2)

Vv

1 1 1 1 1 1
T 1 1 T 1
10 20 30 40 50 60

—> Z
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18.

19.

20.

21.

22.

23.

24.

Vv ax56
= = 2
\1.88x10'® ax28

= v=1.88x10"2)*=4x 1.88 x 10"® = 7.52 x 10° Hz.

Ko=Ex—EL m(1)  AK,=0.71 A°

Kp=Ex — Em (2 AKz=0.63 A° La

L.=EL—Ewm m(3) ¥

Subtracting (2) from (1) Ka | KB
Ku_Kg:EM—EL:—La v v

or, L, = Ky — K, = 3x10° 3x10°

T 0.63x10° 0.71x107
=4.761 x 10" — 4.225 x 10™® = 0.536 x 10 Hz.

8
Againy = —>10 __ _56.10%=56A"
0.536 x10
1= 12—423 = 58.309 x 10° ev
21.3x10" M
Ej EJLa
2= &23 =8.8085 x 10° ev v L
141x10 . .
3 1| Ko B
E,=E, + E, = (58.309 + 8.809) ev = 67.118 x 10° ev " )
p=he_ 1242 165, 10%nm=185pm.

E; 67.118x10°
Ex = 25.31 KeV, E_ = 3.56 KeV, Ey = 0.530 KeV
Ke=Exk—K_ = hv
E« -E. 25.31-3.56
h 4.14x107%
KB =Exk—Ky= hv
Ex —Ey _ 25.31-0.53
h 4.14x107"
Let for, k series emission the potential required = v
.. Energy of electrons = ev
This amount of energy ev = energy of L shell
The maximum potential difference that can be applied without emitting any electron is 11.3 ev.
V=40KV,i=10 mA
1% of Tye (Total Kinetic Energy) = X ray

—2

i=ne orn= Lﬂ = 0.625 x 10" no.of electrons.

1.6x10
KE of one electron =eV = 1.6 x 10™° x 40 x 10° = 6.4 x 10™° J
Tke = 0.625 x 6.4 x 10" x 107° = 4 x 10% J.
a) Power emitted in X-ray = 4 x 10% x (=1/100) = 4w
b) Heat produced in target per second = 400 — 4 = 396 J.
Heat produced/sec = 200 w

- g = 200 = (ne/t)V = 200

=Sv= x10° =5.25 x 10" Hz

=v= x10°%=5.985 x 10" Hz.

= i=200/V =10 mA.
Given : v = (25 x 10 Hz)(Z - 1)°
Or C/x = 25 x 10™(Z — 1)?
3x10®
a) -12 14
78.9x107*2 x 25 x10

or, (Z - 1)> = 0.001520 x 10° = 1520

= Z-1=238.98 or Z=39.98 = 40. Itis (Zr)

=(Z-1?
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X-Rays

25.

26.

27.

3x108 )
=(z-1
146 x1072 x 25 x10% -9
or, (Z - 1) = 0.0008219 x 10°
= Z-1=28.669 or Z =29.669 = 30. Itis (Zn).

3x108 )
=(Z-1

158 x107*2 x 25 x 10* (- A Y

T T T T

or, (Z— 1) = 0.0007594 x 10° 78.9 146 158 108
= Z—1=27.5589 or Z = 28.5589 = 29. It is (Cu). Wavelength (in pm)

3x108 )
198x1072 x 25x10% -1
or, (Z — 1) = 0.000606 x 10°
= Z-1=24.6182 or Z = 25.6182 = 26. It is (Fe).
Here energy of photon = E
E=6.4KeV=6.4x10%ev

Intensity

v

3
Momentum of Photon = E/C = w = 3.41 x 107" m/sec.
3x10
According to collision theory of momentum of photon = momentum of atom
. Momentum of Atom = P = 3.41 x 10>* m/sec

. Recoil K.E. of atom = P*/ 2m
(3.41x1072*)2eVv

(2)(9.3x107%° x1.6 x1071°)

Vo — Stopping Potential, A - Wavelength, eV, = hv — hvg

eVy = he/A = Voh = hcle

V — Potential difference across X-ray tube, A — Cut of wavelength

A=hcl/eV or Vi=hcle

Slopes are same i.e. Voh = VA

hc  6.63x107* x3x10°

e 16x10°

A =10 pm =100 x 10 m

D=40cm=40x10"m

B=0.1mm=01x10"m

=3.9eV[1Joule =1.6 x 10 ev]

=1.242 x 10°° Vm

1/ U

AD
=0
_ AD 100x107*?*x40x107° _ 7
= d— ?Z 1073)(0.1 —4)(10 m.
AAA
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10.

CHAPTER - 45
SEMICONDUCTOR AND SEMICONDUCTOR DEVICES

f=1013 kg/m®, v=1m®
m =fV = 1013 x 1 = 1013 kg

No.of atoms = 2023 ><10233>< 6x10% _ 264.26 x 10%°.

a) Total no.of states = 2 N = 2 x 264.26 x 10*° = 528.52 = 5.3 x 10°® x 10%*°

b) Total no.of unoccupied states = 2.65 x 10%°.

In a pure semiconductor, the no.of conduction electrons = no.of holes

Givenvolume =1cm x 1cm x 1 mm
=1x10%x1x10%x1x10°=10"m?

No.of electrons = 6 x 10" x 107" = 6 x 10"

Hence no.of holes = 6 x 10™.

E=023eV,K=1.38x10"

KT =E

=1.38x10®xT=023x1.6x10"
1= 0-23x16 x10™° 0.23x1.6x10*

1.38x10% 1.38
Bandgap =1.1eV, T =300 K
1 1.1

a) Ratio = 11 3 5
KT 8.62x107x3x10

5
b) 4.253' = _ 1 orT= _1DaA0" 3000.47 K.
8.62x10° xT 4.253x8.62
2KT = Energy gap between acceptor band and valency band

= 2x1.38 x 107 x 300

=0.2676 x 10* = 2670.

=42.53=43

-21
— E=(2x1.38x3)x102%g= 22138 107 o\, (6x138) 152y
1.6 107%°
=5.175 x 1072 eV = 51.75 meV = 50 meV.

Given :

Band gap =3.2 eV,

E=hc/A=1242/X=3.2 or A =388.1 nm.

A =820 nm

E=hc/A=1242/820 =1.5eV

Band Gap = 0.65 eV, A =?
E=hc/A=1242/0.65=1910.7x10°m=1.9x 10° m.
Band gap = Energy need to over come the gap

hc 1242eV —nm
9 620nm

Given n = e *¥/XT AE = Dijamon —» 6 eV ; AE Si —» 1.1eV
. S
Now, n; = @ AE1/2KT _ 42+300x8.62x107°

=2.0eV.

-1.1
— A—AE2 /2KT -5
n,=e 2 - e2><300><8.62><10

n _ 4.14772x10°
n, 5.7978x107%
Due to more AE, the conduction electrons per cubic metre in diamond is almost zero.

=7.15x 10°%

1
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11.

12.

13.

14.

o= -|—3/2 efAE/ZKT at 4°K

__om
o= 4372 _ g2x8.62x10°x4 = g o 107308
At 300 K,
-0.67
o = 300%/2p2862:10 5300 _ 3X1730 1205
8
g x @-1073.08 64

Ratio = -1060.13

[(3x1730)/8]xe 2%  3x1730
Total no.of charge carriers initially = 2 x 7 x 10" = 14 x 10™/Cubic meter

Finally the total no.of charge carriers = 14 x 10" /m®

We know :

The product of the concentrations of holes and conduction electrons remains, almost the same.
Let x be the no.of holes.

S0, (7 x 10™) x (7 x 10™) = x x (14 x 10" = x)

= 14x x 10" —=x* =79 x 10%°

= x*—14x x 10" =49 x 10*° =0

Lo 14x107 +147 x+10% 1 4x 49 x10%°
2
= Increased in no.of holes or the no.of atoms of Boron added.

5x10%®
1386.035 x 10"
(No. of holes) (No.of conduction electrons) = constant.
At first :

No. of conduction electrons = 6 x 10"

No.of holes = 6 x 10*°
After doping

No.of conduction electrons = 2 x 10%

No. of holes = x.

(6 x 10™) (6 x 10™) = (2 x 10?)x

=14.00035 x 10"

= 1 atom of Boron is added per =3.607 x 10~ x 10" = 3.607 x 10"°.

6x6x10919
2x108
= x=18x 10" = 1.8 x 10'°.
o= Goe_AE/ZKT

AE =0.650 eV, T =300 K

According to question, K = 8.62 x 107 eV
—-AE
Goe*AE/ZKT = 2 x 5, @2Kx300

-0.65
= e¥8:62407°T = 696561 x 10
Taking in on both sides,
-0.65

We get, = =-11.874525
2x8.62x107 xT'

1 11.574525x2x8.62 x107°

T 0.65
— T'=317.51178 = 318 K.




Semiconductor devices

15.

16.

17.

18.

19.

20.

21.

Given band gap =1 eV

Net band gap after doping = (1 — 10 %)eV = 0.999 eV
According to the question, KT, = 0.999/50

= T,=231.78=231.8

For the maximum limit KT, = 2 x 0.999

_ 2x1x10% 2
= T,= — =
8.62x10 8.62
Temperature range is (23.2 — 231.8).
Depletion region ‘d’ = 400 nm = 4 x 107" m
Electric field E = 5 x 10° V/m
a) Potential barrierV=Exd=0.2V
b) Kinetic energy required = Potential barrier x e = 0.2 eV [Where e = Charge of electron]
Potential barrier = 0.2 Volt
a) K.E. = (Potential difference) x e = 0.2 eV (in unbiased cond")
b) In forward biasing
KE + Ve =0.2e
= KE=0.2e -0.1e = 0.1e.
c) In reverse biasing
KE-Ve=02e
= KE =0.2e + 0.1e = 0.3e.
Potential barrier ‘d’ = 250 meV
Initial KE of hole = 300 meV

We know : KE of the hole decreases when the junction is forward biased and increases when reverse
blased in the given ‘Pn’ diode.

So,

a) Final KE = (300 — 250) meV = 50 meV

b) Initial KE = (300 + 250) meV = 550 meV

i1 =25 puA, V=200 mV, i, = 75 pA

a) When in unbiased condition drift current = diffusion current
.. Diffusion current = 25 pA.

b) On reverse biasing the diffusion current becomes ‘O’.

c) On forward biasing the actual current be x.
x — Drift current = Forward biasing current

= X—25puA=75puA

= X =(75 + 25) pA = 100 pA.

Drift current = 20 pA = 20 x 107° A.

Both holes and electrons are moving

x102 =23.2.

-6
So, no.of electrons = Lom =6.25 x 10".
2x1.6x10"
a) VKT — 100
N
— @862x107°x300 = 100
VY =4605=V=4.605x8.62x3x 10" =119.08 x 10~
8.62x107°x300
-3 -3
R = X _ \CKT _ - 119.(;8><10 _ 119.08><18 —12x10
I 1,e®/€™1)  10x10°x(100-1)  99x10°
Vo = |0R

= 10x 10°x1.2x10°=1.2 x 10°=0.0012 V.
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KT

) 0.2= _.e—eV/KT
eiy
K =8.62 x 107 eV/K, T = 300 K
ib=10x 10° A.
Substituting the values in the equation and solving
We getV =0.25
22. a) ip=20x 10°A, T=300K, V = 300 mV
ev 100

R § —_—
i=ieKT =20x 107°(e862-1) =2.18 A=2 A

v Vx10®

v 6
b) 4= 20X10—6(es.62x3x10*2 ~1) = 8623 _1= 4x10°
20
Vx10° 5
= e8623 = 200001 = 2% _ 15060

8.62x3
=V =315mV =318 mV.
23. a) Current in the circuit = Drift current
(Since, the diode is reverse biased = 20 pA)
b) Voltage across the diode = 5 — (20 x 20 x 10°°)
=5-(4x10%)=5V.
24. From the figure :

According to wheat stone bridge principle, there is no current through the
diode.

Hence net resistance of the circuit is 4—; =20Q.

25. a) Since both the diodes are forward biased net resistance = 0
=2V —1A
20

b) One of the diodes is forward biased and other is reverse biase.
Thus the resistance of one becomes .
- 2

= =0A.
2+

Both are forward biased.
Thus the resistance is 0.
i=2

2

=1A

One is forward biased and other is reverse biased.
Thus the current passes through the forward biased diode.

'.i:g:1A.
2

26. The diode is reverse biased. Hence the resistance is infinite. So, current through

A, is zero.

For A,, current = % = 0.2 Amp.

10Q
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27. Both diodes are forward biased. Thus the net diode resistance is 0.

28.

29.

30.

31.

= > _3S-94
(10+10)/10.20 5
One diode is forward biased and other is reverse biased.

Current passes through the forward biased diode only.
V. 5
Rt 10+0

=12=05A.

a) WhenR=120Q
The wire EF becomes ineffective due to the net (—)ve voltage.
Hence, current through R = 10/24 = 0.4166 = 0.42 A.
b) Similarly for R =48 Q.
10

i= ————— =10/60 =0.16 A.
(48+12)
— AW
A | 100 ' B
t t
I I
V —» X VvV —>

Since the diode 2 is reverse biased no current will pass through it.

|
| A el
% \

Let the potentials at A and B be V,and Vg respectively.
i) 1fVa>Vg

Then current flows from A to B and the diode is in forward biased.

Eq. Resistance = 10/2 =5 Q.
i) IfVa<Vg

Then current flows from B to A and the diode is reverse biased.

Hence Eq.Resistance = 10 Q.
8l =80 pA—30 pA =50 A =50 x 10° A
Ol =35mMA-1mA=-25mA=25x 10° A

B= [%}VCe = constant
ol

2.5x107° 2500 _
50x10°® 50
Current gain = 50.

50.

i 109

i 100

‘ | |5V 10Q
I

4V 120
B
A N
6V R
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32.

33.

34.

35.

B =50, 8l, = 50 pA,
Vo =B x RG =50 x 2/0.5 = 200.

Vo Vo o 200

V, 8l xR 50x107° x5x10?
b) 8V; = dlp x Ry =50 x 10° x 5 x 10° = 0.00025 V = 25 mV.
c) Power gain = % x RG = B2 x% = 2500x% =10

a) VG =VyV, = = 8000 V.

X = ABC+BCA +CAB

a) A=1,B=0,C=1
X=1.

b) A=B=C=1
X=0.

For ABC +BCA

seCaman D
Lﬁc_p D—

LHS=AB x AB = X+X [X=AB]
IfX=0, X =1

If X =0,X=1
=1+0o0r0+1=1

= RHS =1 (Proved)

R1=0.5KQ




10.

11.

THE NUCLEUS
CHAPTER - 46
M = Am,, f = M/V, m, = 1.007276 u
R=RoA™ =1.1x 10" A u=1.6605402 x 10" kg
_ Ax1.007276 x1.6605402x10"*’

4/3x3.14xR?
f in CGS = Specific gravity = 3 x 10**.

=0.300159 x 10" = 3 x 10" kg/m°.

30
f= My M_4x107 1 g lgou
v f 24x10Y 0.6 6
V = 4/3 nR°.
= 1><1014 =43txR*=>R%= 1><§><£><1014
6 6 4 =&
~ R3= 1,100 o2

T

~ R=%x10%x3.17 = 1.585 x 10* m = 15 km.
Let the mass of ‘a’ particle be xu.
‘o’ particle contains 2 protons and 2 neutrons.
. Binding energy = (2 x 1.007825 u x 1 x 1.00866 u — xu)C? = 28.2 MeV (given).
.. X =4.0016 u.
L' +p—>l+a+E;L’=7.016u
o = *He = 4.0026u ; p = 1.007276 u
E=Li'+P—20=(7.016 + 1.007276)u — (2 x 4.0026)u = 0.018076 u.
= 0.018076 x 931 = 16.828 = 16.83 MeV.
B = (Zm, + Nm, — M)C®
Z=79;N=118; m,=1.007276u ; M = 196.96 u ; m, = 1.008665u
B =[(79 x 1.007276 + 118 x 1.008665)u — Mulc?

=198.597274 x 931 — 196.96 x 931 = 1524.302094
so0, Binding Energy per nucleon = 1524.3 /197 =7.737.
a) U238 2He4 + Th234

E = [M, — (Nyc + Myp)]u = 238.0508 — (234.04363 + 4.00260)]u = 4.25487 Mev = 4.255 Mev.
b) E=U?*—[Th® +2n + 2p'y]

={238.0508 — [234.64363 + 2(1.008665) + 2(1.007276)]tu

=0.024712u = 23.0068 = 23.007 MeV.
%R =1223.018 u ; *®Pb = 208.981 u ; **C = 14.003 u.
223R51 N 209Pb + 14C
Am = mass R, — mass (2°9Pb + 14C)
= =223.018 — (208.981 + 14.003) = 0.034.
Energy = AM x u = 0.034 x 931 = 31.65 Me.
E;n > Ez, N+P;=E;n > Ez, N+ 1H1 [As hydrogen has no neutrons but protons only]
AE = (Mz_q,n + Ny — Mz,N)CZ
EzN = EZ,N—l + %n .
Energy released = (Initial Mass of nucleus — Final mass of nucleus)c2 = (Mgzno1 + Mg — MZN)CZ.
p32 _, g% 4 ovo +1BO
Energy of antineutrino and B-particle

=(31.974 - 31.972)u = 0.002 u = 0.002 x 931 = 1.862 MeV = 1.86.

In>P+e
We know : Half life = 0.6931 / A (Where A = decay constant).
Orr=0.6931/14x60=8.25x10*S [As half life = 14 min = 14 x 60 sec].

Energy = [M, — (Mp + Mg)]u = [(My, — Mpy) — My Jc® = [0.00189u — 511 KeV/c?]
=[1293159 ev/c® — 511000 ev/c’]c’ = 782159 eV = 782 Kev.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

220Ra - 4o+ Z2Rn

19 19 0 05

g O—>gF+B+oV

13 25 0 0o
Al > SMG+2e+ Vv
84Cu—5%Ni+e +v

Emission of nutrino is along with a positron emission.
a) Energy of positron = 0.650 MeV.

Energy of Nutrino = 0.650 — KE of given position = 0.650 — 0.150 = 0.5 MeV = 500 Kev.

-19
b) Momentum of Nutrino = 500x1.6x10 7 14352267 x 1022 kg m/s.

3x10®
a) 1oK* —>,,Ca* + &% +,V°
10K > g Ar* 4+ e 4 VO
10K* + % 5 Ar®
10K > ,0Ca*® + &%+ V0.
b) Q = [Mass of reactants — Mass of products]c’

= [39.964u — 39.9626u] = [39.964u — 39.9626]uc’ = (39.964 — 39.9626) 931 Mev = 1.3034 Mev.

10K* 5 gAr*0 1 ef 4 VO
Q = (39.9640 — 39.9624)uc® = 1.4890 = 1.49 Mev.
10K+ €% — Ar®
Quane = (39.964 — 39.9624)uc’.
SLi+n—iLi; jLi+r - 5L
SLi—>%Be+e +v-
®Be — sHe + 5He
"C—>"B+p +v
mass of C” = 11.014u ; mass of B” = 11.0093u
Energy liberated = (11.014 — 11.0093)u = 29.5127 Mev.
For maximum K_.E. of the positron energy of v may be assumed as 0.
. Maximum K_.E. of the positron is 29.5127 Mev.

Mass 2™ = 228.028726 u ; **’Ra = 224.020196 U ; o. = 3He — 4.00260u

5Th — *'Ra* + o

*"Ra* —» ?'Ra + v(217 Kev)

Now, Mass of **Ra* = 224.020196 x 931 + 0.217 Mev = 208563.0195 Mev.

KE of o = E *™ - E***Ra* + a)

= 228.028726 x 931 — [208563.0195 + 4.00260 x 931] = 5.30383 Mev= 5.304 Mev.
N PCrret+y

2C* 5 2C + v(4.43 Mev)

Net reaction : N > C + e + v + v(4.43 Mev)

Energy of (e* +v) = N*? — (c** + v)

=12.018613u — (12)u — 4.43 = 0.018613 u— 4.43 =17.328 — 4.43 = 12.89 Mev.
Maximum energy of electron (assuming 0 energy for v) = 12.89 Mev.

a) ty, =0.693/ A [A —> Decay constant]

= ty, = 3820 sec = 64 min.

b) Average life =t;, / 0.693 = 92 min.

c) 0.75=1e™=1In0.75=—-At=1t=1In0.75/-0.00018 = 1598.23 sec.

a) 198 grams of Ag contains — Ny atoms.

23 —6
1 ng of Ag contains — No/198 x 1 pg = % atoms

46.2
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21.

22.

23.

24.

25.

26.

0.963 0.693 x 6 x10%
xN =

Activity = AN = disintegrations/day.
ti/ 198x2.7
17 17
= 0.693x6x10 disintegration/sec = 0.693x6x10 curie = 0.244 Curie.
198 x 2.7 x 3600 x 24 198 x 2.7 x 36 x 24 x 3.7 x 10*°
by A= o _ 0244 _ 6405 = 0.040 Curie.
2ty 5, 1
2.7

ty2 = 8.0 days ; A =20 u Cl

a) t=4.0days; A =0.693/8
A=Ae™=20x10"°x (06984 =17 41 x 10°Ci=14 u Ci
0.693

by A= — > =1.0026 x 10°.
8 x 24 x 3600
A=49x108g™
a) Avg. life of 28U = 11 1 10
A 49x107 4.9

= 6.47 x 10° years.
0.693  0.693

— 9
r  29.10% 4.5 x 10" years.

b) Half life of uranium =

¢) A= o o Po gz 2oy
2t/t1,2 A

A =200, A; =500, t =50 min
A=Ase™ or 200 = 500 x g >0 %0
= 1=3.05x10"s.
_ 0.693 0.693
b) ti, = =

A 0.000305
Ao = 4 x 10° disintegration / sec
A’ =1 x 10° dis/sec ; t = 20 hours.

=2272.13 sec = 38 min.

’ = AO 2t/t1/2 :h = 2t/t1/2 =4
PALCTE: A'
= t/y, =2 = t"*=t/2 =20 hours / 2 = 10 hours.
6
Ar= Do 43107 00390625 x 10° = 3.9 x 10° dintegrations/sec.
ot/t2 2100/10

ty2 = 1602 Y ; Ra =226 g/mole ; Cl = 35.5 g/mole.

1 mole RaCl, =226 + 71 =297 g

2979 = 1 mole of Ra.

0.1x6.023x10%
297

01g= %xo.l mole of Ra = =0.02027 x 10%

A =0.693/t,,=1.371x 10"
Activity = AN = 1.371 x 107! x 2.027 x 10%° = 2.779 x 10° = 2.8 x 10° disintegrations/second.
tip = 10 hOUrS, Ag=1 Ci

-0.693
x9
Activity after 9 hours = A, e™ = 1xe 10 = =0.5359 = 0.536 Ci.
No. of atoms left after 9™ hour, Ag = ANg
10

= Ng= Do 0536x10x3.7>x10 »3600 _ g 5176 x 10 x 3600 = 103.023 x 10%.

A 0.693

70.693)(9

Activity after 10 hours = Ag e™ = 1xe 1© ~ =0.5Ci.
No. of atoms left after 10" hour
Ao = ANy
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27.

28.

29.

30.

31.

32.

= Ny = Ao 05x37 x10% <3600 26.37 x 10" x 3600 = 96.103 x 10",
A 0.693/10
No.of disintegrations = (103.023 — 96.103) x 10" = 6.92 x 10",
t1, = 14.3 days ; t = 30 days = 1 month
As, the selling rate is decided by the activity, hence A, = 800 disintegration/sec.
We know, A = Age™ A = 0.693/14.3]
A =800 x 0.233669 = 186.935 = 187 rupees.
According to the question, the emission rate of y rays will drop to half when the B+ decays to half of its
original amount. And for this the sample would take 270 days.
.. The required time is 270 days.
a) Po>n+e"+v Henceitisap’ decay.
b) Let the total no. of atoms be 100 Nj.

Carbon Boron
Initially 90 Ng 10 Np
F|na."y 10 No 90 No
—0.693xt
Now, 10 Ny = 90 Ng e™ = 1/9 = e 203  [because ty, = 20.3 min]
= in 220093, 21972x203 _ 54 36~ 64 min.
9 20.3 0.693

N =4 x 10% ; ty, = 12.3 years.

a) Activity = %—T =An= —0£693 N = —01(23933
1/2 .

= 7.146 x 10™ dis/sec.
AN _ 7146 x 10
dt
No.of decays in next 10 hours = 7.146 x 10™ x 10 x 36.. = 257.256 x 10" = 2.57 x 10".
—0.693

Q) N=Npe™=4x10%x e 203 =282 x 10% = No.of atoms remained
No. of atoms disintegrated = (4 — 2.82) x 10% = 1.18 x 10%.

Counts received per cm? = 50000 Counts/sec.

N = N50 of active nucleic = 6 x 10*®

Total counts radiated from the source = Total surface area x 50000 counts/cm?

x 4x10?% dislyear.

b)

=4 x3.14 x 1 x 10" x 5 x 10 = 6.28 x 10° Counts = dN/dt 1em?
We know, %—T: AN \I/_
9 —> / \
Ori-= % =1.0467 x 107 =1.05 x 10~ s im '
6x10

Half life period can be a single for all the process. It is the time taken for 1/2 of the uranium to convert to
lead.

a8 6x10%8 x2x107° _ 12

No. of atoms of U = —= x10% =0.05042 x 10%°

238 238
23 -3
No. of atoms in Pp = 2X107x06x107 3.8 520
206 206
Initially total no. of uranium atoms = 12 361 102 = 0.06789
235 206
—0.693 -0.693

N=Noe™=N=N, e’¥2 = 0.05042 = 0.06789 e447<10°
(0.05042 -0.693t
= lo =
0.06789

 4.47x10°
=1t=1.92x10° years.
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33.

34.

35.

36.

Ag=15.3;A=12.3;ty, = 5730 year
0.6931 0.6931

A= = r_l
Ty, 5730
Let the time passed be t,
n _ 0.6931

We know A = Aje” 0 xt=12.3 =153 xe.

= t=1804.3 years.

The activity when the bottle was manufactured = Ay
—0.693x

Activity after 8 years = Aje 125

8

Let the time of the mountaineering = t years from the present
—0.693xt
A= Agje 125 ; A= Activity of the bottle found on the mountain.

A = (Activity of the bottle manufactured 8 years before) x 1.5%
-0.693 _0'693><8
= Agje 125 = Aje 25 x0.015

-0.693, -0.693x8
= Tye-t=—g55—+N[0.015]

= 0.05544 t = 0.44352 + 4.1997 = t=83.75 years.
a) Here we should take R, at time is to = 30 x 10° s™*

: 30x10°
i) IN(Ry/Ry))=1In| ————| =
) InRIRY 30><109J a0
254
y . (30x10°) _
i) In(Ro/Rz) = In mj =063 Count rate R(10° s™) 20
. 151
i) IN(Ro/Rs) = In| 2229 | = 1 35 101
8x10 51
9 f —
iv) IN(Ro/R4) = In 3O><—109j =2.06 ¥ 25 50 75 100
3.8x10 Time t (Minute)
30x10°
V) IN(Ry/Rs) = In| ————— | =2.7
) IN(Ro/Rs) 22 10° J
b) .. The decay constant A = 0.028 min™
c) .. The half life period = ty,.
ty, = 0.693 _ 0.693 = 25 min.
A 0.028
Given : Half life period t;, = 1.30 x 10° year , A =160 count/s = 1.30 x 10° x 365 x 86400
~ A=AN=160= O'693N
2
9
— N-= 160x1.30x365x86400x%10 —95x 10
0.693
. 6.023 x 10°® No. of present in 40 grams.
6.023x 10 =40g = 1= ng
6.023x10
18
. 95x 10 present in = 22X9:5X19 _ _ g 309 , 10 = 0.00063.
6.023x10

. The relative abundance at 40 k in natural potassium = (2 x 0.00063 x 100)% = 0.12%.
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37.

38.

39.

40.

41.

42.

a) P+e—n+vneutrino [a—4.95x10" s ;b — 1]

b) f =a(z-Db)
= Jc/r =4.95x 107 (79— 1) = 4.95 x 10" x 78 = C/A = (4.95 x 78)* x 10™
3x10®

= =2x10°x10°=2x10" m=20 pm.
14903.2x10
. ) . . . . dN dN
Given : Half life period = t;», Rate of radio active decay = o =R =>R= r
Given after time t >> ty», the number of active nuclei will become constant.
i.e. (dN/dt)present = R = (dN/dt) gecay
- R = (dN/dt) gecay
= R = AN [where, A = Radioactive decay constant, N = constant number]
0.693 Rty »

N) = Rty, = 0.693 N = N = .
ty, ") v 0.693

Let No = No. of radioactive particle present at timet=0
N = No. of radio active particle present at time t.
ZN=Nge™ [A - Radioactive decay constant]
. The no.of particles decay = Ng — N = Ng — Nge ™' = No (1 — e™)
We know, Ag = ANg; R=2ANg ; Ng = R/A
From the above equation

= R=

N = No(1—e™) = %(1— e™)  (substituting the value of No)

n =1 mole = 6 x 10* atoms, t;, = 14.3 days
t = 70 hours, dN/dt in root after time t = AN

-0.693x70
N=Noe™=6x102x e 14324 =6 x 10% x 0.868 = 5.209 x 10%°.
~0.693 _ 0.0105x1023
14.3x24 3600
=2.9 x 107 x 10% dis/sec = 2.9 x 10" dis/sec.

5.209x10% x dis/hour.

Fraction of activity transmitted = (Llﬂj x100%
2.9x10

2.9x101
V =125 cm® =0.125 L, P =500 K pa =5 atm.
T =300 K, ty, = 12.3 years = 3.82 x 10° sec. Activity = A x N
5x0.125
8.2x1072 x3x10?

8
= (Mxmoj% =1.275 x 107 %6,

N =nx6.023 x 102 = x6.023x10%° = 1.5 x 10% atoms.

= &38 =0.1814x 10°=1.81 x10°s™

3.82x10

Activity = AN = 1.81 x 10 x 1.5 x 10% = 2.7 x 10° disintegration/sec
13
- 27x10° Xlom Ci =729 Ci.
3.7x10

212Bi — 2987Ti + sHe(a)
212 1

22Bi — 51°Bi —> 552P, + €~

ti,=1h. Time elapsed = 1 hour

att=0 Bi*"? Present=1g

s att=1Bi*”®  Present=05g

Probability a-decay and pB-decay are in ratio 7/13.
. Tlremained = 0.175 g

.. Poremained = 0.325 g
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43.

44,

45.

46.

47.

48.

108 110

Activities of sample containing ~Ag and
a) Here we take A = 8 x 10° dis./sec
w ) In(Ad Ay )  =1In(11.794/8) = 0.389

i) In (A Ag,) = In(9.1680/8) = 0.1362
i) In (Agf Ag, ) = In(7.4492/8) = ~0.072
iv) In (Ad/ Ay, ) = In(6.2684/8) = —0.244

v) In(5.4115/8) = -0.391
vi) In(3.0828/8) = —0.954
vii) In(1.8899/8) = —1.443
viii) In(1.167/8) = —1.93
ix) In(0.7212/8) = —2.406
b) The half life of 110 Ag from this part of the plot is 24.4 s.
c) Half life of '°Ag = 24.4 s.
.. decay constant A = 0.693/24.4 = 0.0284 = t = 50 sec,

The activity A = Aje™ = 8 x 10° x e 9% = 1 93 x 10°
d)

6

4

2
———
O] 20 40 60 80

e) The half life period of *®*Ag from the graph is 144 s.
t]_/z =24h
t]_/z = tltz = 24x6 =4.8h.
t,+t, 24+6
Ag=6rci;A=3rci
A= Do 3= 8 t

= S _2t/4.8h = 2a8h =2=1t=4.8h.

Q = qeft/CR : A= Aoe*kl
Energy B 1q2 x e*Zt/CR

Activity 2 CAe™

Since the term is independent of time, so their coefficients can be equated,

124
10+
8
6
44
24

Ag isotopes = 8.0 x 10° disintegration/sec.

20 40 60 80 100 200 300 400 500

2 ]

4

So, A =t or,A = i or, } = i or, R= 2l (Proved)
CR CR t CR ()
R=100Q ;L =100 mH
After time t, i = ip (1—e V') N = N, (™)
i ~ io(l_eftR/L)

i/N is constant i.e. independent of time.
N Noe—lt
Coefficients of t are equal —R/L = —A = R/L = 0.693/t),
=t, = 0.693 x 10° = 6.93 x 10~ sec.

1 g of ‘I' contain 0.007 g U**

6.023 x10%

So, 0.7 g contains x 0.007 atom

6.023x10% x0.007 x 200 x10° x1.6 x1071°

1 atom given 200 Mev. So, 0.7 g contains

So, 235 g contains 6.023 x 10” atoms.

Time \’\'\,

J=5.74 %107 J.

Let n atoms disintegrate per second
Total energy emitted/sec = (n x 200 x 10°x 1.6 x 10
300 MW = 300 x 10° Watt = Power

—19

235

) J = Power
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49.

50.

51.

52.

53.

300 x 10°=n x 200 x 10° x 1.6 x 107*°

=>n= <101 = 3 1019
2x1.6 3.2
6 x 10°° atoms are present in 238 grams

238x3x10"
6x10% x3.2
a) Energy radiated per fission = 2 x 10% ev

Usable energy = 2 x 10% x 25/100 =5 x 10" ev =5 x 1.6 x 107

Total energy needed = 300 x 10% = 3 x 10° J/s

3x10®
5x1.6x107*

No. of fission per day = 0.375 x 10?° x 3600 x 24 = 3.24 x 10* fissions.
b) From ‘a’ No. of atoms disintegrated per day = 3.24 x 10

We have, 6.023 x 10% atoms for 235 g

235

6.023x10%

%xlo19 atoms are present in =37x10"g=3.7mg.

No. of fission per second = =0.375 x 10%°

for 3.24 x 10** atom = x3.24x10%* g = 1264 g/day = 1.264 kg/day.

a) ZH+H->JH+H
Q value = 2M(?H) = [MCH)+MEH)]
= [2 x 2.014102 — (3.016049 + 1.007825)]u = 4.0275 Mev = 4.05 Mev.
b) fH+2H>3H+n
Q value = 2MZH)-M(GHe) +M,]
= [2 x 2.014102 — (3.016049 + 1.008665)]u = 3.26 Mev = 3.25 Mev.
¢) 2H+3H-%H+n
Q value = [MEH) +MGHe) -M(3He) + M, ]
= (2.014102 + 3.016049) — (4.002603 + 1.008665)]u = 17.58 Mev = 17.57 Mev.
- Kag, _ 9x10° x (2x1.6 x1072°)?

P ..(1)
r r
15KT=15x138x102xT (2
_ 9x10%x10.24x107%®

Equating (1) and (2) 1.5 x 1.38 x 1002 x T

2x107"
_ 9x10°x10.24x107%®
 2x10 5 x1.5x1.38x10%

‘H+*H  —>°®Be

M(*H) — 4.0026 u

M(Be)  —»8.0053 u

Q value = [2 M(®*H) - M(®Be)] = (2 x 4.0026 — 8.0053) u

=-0.0001 u = -0.0931 Mev = —93.1 Kev.
In 18 g of N, of molecule = 6.023 x 10%

26
In 100 g of N of molecule = % =3.346 x 10

=22.26087 x 10° K = 2.23 x 10" K.

. % of Deuterium = 3.346 x 10°° x 99.985
Energy of Deuterium = 30.4486 x 10%° = (4.028204 — 3.016044) x 93
=942.32 ev = 1507 x 10° J = 1507 mJ

MDA
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THE SPECIAL THEORY OF RELATIVITY
CHAPTER - 47

S =1000 km = 10° m
The process requires minimum possible time if the velocity is maximum.
We know that maximum velocity can be that of lighti.e. = 3 x 10% m/s.

Distance = 10° 1
Speed 3108 “300°
{=50cm,b=25cm,h=10cm,v=0.6¢c
a) The observer in the train notices the same value of £, b, h because relativity are in due to difference
in frames.

b) In 2 different frames, the component of length parallel to the velocity undergoes contraction but the
perpendicular components remain the same. So length which is parallel to the x-axis changes and
breadth and height remain the same.

2 22
o1 Yo —s0,-
50v1-0.36 =50 x 0.8 =40 cm.
The lengths observed are 40 cm x 25 cm x 10 cm.
L=1m
a) v 3x10°m/s

10
L' = 1—% =+/1-10"° =0.9999995 m
9x10

b) v =3x10°m/s

12
U=11- 220 _ 1710 =0.99995 m.
9x10

c) v=3x10" m/is

14
L'=1 /1—% =+/1-1072 =0.9949 = 0.995 m.
9x 10"

v=0.6cm/sec;t=1sec
a) length observed by the observer = vt = 0.6 x 3 x 10° = 1.8 x 10° m

22
b) 8= /ov1-v?/c® = 1.8x10°= 1{0‘/1—%
C

_ 1.8x10°8
Y
The rectangular field appears to be a square when the length becomes equal to the breadth i.e. 50 m.
i.e.L'’=50;L=100;v="

C=3x10°m/s

We know, L' = Ly1-v?/c?

=50 = 100V1-Vv?/c? = v = +/3/2C =0.866 C.
Lo = 1000 km = 10°m
v = 360 km/h = (360 x 5) / 18 = 100 m/sec.

2 4
a) h'= hyv1-v?/c? =10° 1—[ 1008J =106‘/1— 10 s =10°.
3x10 9x10

Solving change in length = 56 nm.
b) At=AL/v =56 nm /100 m = 0.56 ns.

So, time =

@
I

A =2.25 x 10° m/s.
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10.

11.

12.

13.

v =180 km/hr =50 m/s
t = 10 hours A
let the rest dist. be L.

L'= Ly1-v?/c? = L' =10 x 180 = 1800 k.m.

2
1800 = L 1—&52
(3x10°)

or, 1800 x 1800 = L(1 — 36 x 107*%)

3.24x10°
OI’, L = 7714
1-36x10
or 25 nm more than 1800 km.

[ Jus)

=1800 + 25 x 1072

6 -9
b) Time taken in road frame by Car to cover the dist = 1.8x10" +25x10

50
=0.36 x 10° + 5 x 10 = 10 hours + 0.5 ns.
a) u=>5c/13
At = t _ ly :y><13:§y.
Ji-v2/c? \/1_ 25¢2 12 12
169c?

The time interval between the consecutive birthday celebration is 13/12 y.
b) The fried on the earth also calculates the same speed.

The birth timings recorded by the station clocks is proper time interval because it is the ground frame.
That of the train is improper as it records the time at two different places. The proper time interval AT is
less than improper.

i.e. AT' =V AT
Hence for — (a) up train — Delhi baby is elder (b) down train — Howrah baby is elder.

The clocks of a moving frame are out of synchronization. The clock at the rear end leads the one at

from by L, V/C? where L, is the rest separation between the clocks, and v is speed of the moving frame.

Thus, the baby adjacent to the guard cell is elder.

v =0.9999 C ; At = One day in earth ; At" = One day in heaven

V= 1 _ 1 _ 1 _
Ji-v2/c? \/ (0.9999)2c?  0.014141782

- o

70.712

At =V AL ;
Hence, At' = 70.7 days in heaven.
t=100years ; V=60/100K ; C=0.6 C.

At = t _ 100y _ 100y =125y.
Ji-vzic? [ ePct 08
=
We know
= f\1-Vv?2/C?

f' = apparent frequency ;
f = frequency in rest frame
v=08C
2
p= 1-204C7 _ 536 =065

cz
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.V =100 km/h, At = Proper time interval = 10 hours

A= At ~ 10 % 3600
Ji-v2/c? ) ( 1000 jz
36 x3x10°8
At' — At = 10 x 3600 L -1

( 1000 JZ
11— ——=
36 x3x10°8

By solving we get, At' — At = 0.154 ns.
. Time will lag by 0.154 ns.

. Let the volume (initial) be V.

V' =V/2

So, VI2 = vy/1-V?/C?

= Cl2=+C?-V? = C¥4=C*-V*

2
=2 S 3Ly ﬁc.
4 2
. d=1cm,v=0.995C
-2
a) time in Laboratory frame = d_1x10
v 0.995C

_ 1x107?
0.995x3x10°
b) In the frame of the patrticle

_ t _ 335x10%?
V1-v2/c? \1-(0.995)

. x=1lcm=1x107?m;K=500N/m, m=200g

Energy stored = %2 Kx* = % x 500 x 10~ = 0.025 J

=33.5x 10?=33.5PS

t' =335.41 PS.

. 0.025 0.025
Increase in mass = =
c? 9x10%
0.025 1

=0.01388 x 10 =1.4 x 10°%.

Fractional Change of max = e I
9x10 2x10"

. Q=MS A6 = 1 x 4200 (100 — 0) = 420000 J.
E = (am)C®
_ am= E _Q _ 420000
c? c? (3x10%)y?
=4.66x 1072 =4.7 x 10 kg.

. Energy possessed by a monoatomic gas = 3/2 nRdt.
Now dT =10, n = 1 mole, R = 8.3 J/mol-K.
E=3/2xtx8.3x10
1.5x8.3x10 124.5

c?  9x10®
=1383 x 10 =1.38 x 10™° Kg.

Loss in mass =

. Let initial mass be m

Ybmv:=E

1 (lesz m x50
= E=—m =

2\ 18 9
Am = E/C?
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21.

22.

23.

24.

25.

— Am=_Mx%0 __Am __ 50

9x9x10' m  81x10'
= 0.617 x10'°=6.17x 107"
Given : Bulb is 100 Watt = 100 J/s
So, 100 J in expended per 1 sec.
Hence total energy expended in 1 year = 100 x 3600 x 24 x 365 = 3153600000 J
Total energy 315360000

c? ~ 9x10%

=3.504 x 10° x 10*® kg = 3.5 x 107 Kg.

Change in mass recorded =

| = 1400 w/m®
Power = 1400 w/m® x A o
7
= (1400 x 47R%)W = 1400 x 47 x (1.5 x 10'1)? / \\
= 1400 x 4n x (1/5)* x 10% .\ @L
/
a) E_AmC® _Am _E/t AN i
t t t C? S==7
22
c? = 1400 xdmx 2'1265”0 = 1696 x 10% = 4.396 x 10° = 4.4 x 10°.
9x10
b) 4.4 x 10° Kg disintegrates in 1 sec.
30
2 x 10%° Kg disintegrates in £09 sec.
4.4x10
21
= [ 110 j =144 x10° x 102 y = 1.44 x 10%y.
2.2 % 365 x 24 x 3600

Mass of Electron = Mass of positron = 9.1 x 10! Kg
Both are oppositely charged and they annihilate each other.
Hence, Am=m+m=2x 9.1 x 10 Kg
Energy of the resulting y particle = Am C?
2x9.1x9x107™"
1.6x107"°
=102.37 x 10* ev = 1.02 x 10° ev = 1.02 Mev.
me=9.1x10",v,=0.8C
Me  91x10%  91x10*
J1-v2/c? \1-oe4c?/c? 06
=15.16 x 10 Kg = 15.2 x 10! Kg.
b) K.E. of the electron : m'C* - m,C? = (m’ — m,) C?
=(15.2x 10" = 9.1 x 1073 x 10%)* = (15.2 x 9.1) x 9 x 10! x 10" J
=546x10°J=5.46 x 10 *J=55x 107 J.
¢) Momentum of the given electron = Apparent mass x given velocity
=15.2x 10"~ 0.8 x 3 x 10° m/s = 36.48 x 10> kg m/s

=3.65 x 102 kg m/s
2

=2x91x10x9x10%J=

a m' =

m,C

V2
2, 1—?

_9.1x9x107%!x10%

2
) \/1_ 0.3Cezc

a) ev—myC’= =ev-9.1x10%x 9 x 10"

=eV-91x9x107"
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_91x9x10° L o g, 105 21x9x10°7
2x0.8 ' 1.6

—eV= (9_1><9 + 9.1x9)x10*15 = eV (EJF 81.9)><10’15
1.6 1.6

eV = 133.0875 x 10°° = vV = 83.179 x 10* = 831 KV.

2 -15
MoC” L ev—9.1x9x107 x9x 10 = 21x9x10

2 2
2V 2 08

9.1x9x107%°
2x0.435

b) eV - moC? =

= eV-819x10"=

= eV=12.237x 107"
V= 12.237x107%°

L6107 =76.48 kV.

m,C?

V2
2, 1—?

2 -31 16
m,C +mC? = 9.1x107"x9x10

% 2{/1-(0.99)?
c?

_372.18x207°

V=0.99C=eV-myC’=

= eV= +9.1x107%1 x9x10%

= eV=37218x 10" =V — =272.6 10*
1.6x10"

= V =2.726 x 10° = 2.7 MeV.

2
a) —MC = 16x107

V2

e
= m,C? [;—1] =1.6x107"
N1-Vv?/c?

1 B 1.6x107*°

= 1

J-vZ/c2  9.1x10x9x10%

= V=C x 0.001937231 = 3 x 0.001967231 x 0% = 5.92 x 10° m/s.

2
b) —MoC _ nc?=1.6x 107 x 10 x 10°
V2
o
= m,C? [;—q =1.6x107"°
Vi-v?/c?
1 _ 1.6x107%°
= il 15
J1-v2/c? 9.1x9x10

= V =0.584475285 x 10° = 5.85 x 10" m/s.
c) KE.=10Mev=10x10°eV=10"x1.6 x10°J=1.6 x10™%J

m,C?

—-myC*=1.6x10"J

el

= V?=8..999991359 x 10™ = V = 2.999987038 x 10°.

5
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27.

28.

AmM=m-—mgy=2mg— Mg =My
Energy E = moc® = 9.1 x 10 x 9 x 10™° J
9.1x9x107%°

T 51.18 x 10" ev = 511 Kev.
O X

Eine.. =

Neglecting the v* term as it is very small

2 2
=~ 3V o012 Y —004/3
4 c? c?

—VIC=02/3 =V=02/J3C= 22
1.732

x 3x10°8

=0.346 x 10° m/s = 3.46 x 10’ m/s.
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