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ELECTRIC CURRENT

3.147 The convection current is

148

3.149

dg
I-= ®

here, dg = hdx, where A is the linear charge density.
But, from the Gauss’ theorem, electric field at the surface of the cylinder,
A
T 2x g a

Hence, substituting the value of A and subsequently of dg in Egs. (1}, we get
2F m ey ady
Joo —————
dt

=2ne,Eav, as —= v

=&

Since d << r, the capacitance of the given capacitor can be calculated using the formula
for a parallel plate capacitor. Therefore if the water (permittivity €) is introduced up to a

height x and the capacitor is of length /, we have,
eeg2nre g (I-x)2mr ey 2nr
= 3 + 7 == (ex+1-x)
Hence charge on the plate at that instant, g = CV

Again we know that the electric current intensity,
1.4, 4EN
dt

dt
. Veg2mr d(ex + 1 ~x) - Vansu(E_l)_d_x
d dt d dt
But, %’:—= v,
So, I= H_f%_c(:ﬂv= 011pA

We have, R, = R, (1 + au),(1)
where R, and R arc resistances atf® C and 0° Crespectively and o is the mean temperature
coefficient of resistance.

So, Ri=Ry(1+0,¢) and Ry= n Ry (1 + iy 1)
(a) In case of series combination, R = 2R,
50 R=R,+Ry= R [QA+m) + (o +nay) ] (¢)]
oy + 10,
-R0(1+n)[1+2 Ten t} (2)
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Comparing Egs. (1) and (2), we conclude that temperature co-efficient of resistance of the
circuit, o+ oy
o= ——"
1+m
{b) In parallel combination
Ry(l+o ) Rgm(1 +oy1) Nk,

TR+ nenRy(Ivayn) R'(1+a’t), where R' =

1+m

Now, neglecting the terms, proportional to the product of temperature coefficients, as being

very small, we get,
na, +q
o = “—"_—'_1 2

1+m

3150 (a) The currents are as shown. From Ohm’s law applied between 1 and 7 via 1487 (say)

6 % I 6 ;4
% T 7 I i
) ) /\I/g > {1’2 s F Z(Iz- 13)
I R ¥/ A,
AI3
Wl g s sl
” 8
3 A I?- -1
7 I/3 ‘— I/6 I/6 1 }E y I-I3
H ’, 2
I/é’ 4 L2,
/1 @ (b)
IR =£R+£R+IR=§RI

a” 37767 T3 " §

Thus, R = %
(b) Between 1 and 2 from the loop 14321,
ILiR=2LR+ 3R or, [ = I;+2,
From the loop 48734,
U, -I)R+2{,-,)R+{,-1,)R=I;R.

or, Ayt Iy or fy= 31,
14

50 I = ?12

Then, (1, +2) R = T/, R = ;R= 2[R
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7
or R = ER , 6 J};/z ,

(c) Between 1 and 3 ¢ 4 ];/z I z R T
From the loop 15621 2 3 14l

1 Iy 1 I%’l
I:,_R=IlR+-2—R or, 12=35 L ],/2 1'2
Then, (I, +2f,) R,= 41 R, /5 > 8
0
= LR+LR=3[R N
L, 4
Hence, R,,= %R . Lt2r, (©

3.151 Total resistance of the circuit will be independent of the number of cells,

2R A

A P
R Rx <—:> Rx
B B

i (R.+2R)R
' *~ R ,+2R+R
or, Rx2+2RRx-2R2=O
On solving and rejecting the negative root of the quadratic equation, we have,
R = R(V3 -1)
3.152 Let R, be the resistance of the network,
A A
Rr '
Ry Ko <‘““> Ko
B

R, R .,
then, R, = b2 or Rj-RyR -R K, =0

“U R2
R,= -1 1+V 1+4—2 = 6Q
0 2

On solving we get,
R,
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3153

3154

3.155

3.156

Suppose that the voltage V is applied between the points A and B then
where R is resistance of whole the grid, /, the current through the grid and /;, the current

through the segment AB, Now from symmetry, /4 is the part of the current, flowing
through ail the four wire segments, meeting at the point A and similarly the amount of
current flowing through the wires, meeting at B is also /4. Thus a current /2 flows
through the conductor AB, i.e.

Hence, R =

Let us mentally isolate a thin cylindrical layer
of inner and outer radii r and r+dr
respectively. As lines of current at all the points

of this layer are perpendicular to it, such a
layer can be treated as a cylindrical conductor
of thickness dr and cross-sectional area

2nrl So, we have,

B dr dr
“Ps T Pann

and integrating between the limits, we get,

dR

e b
R 2n:Ilna

Let us mentaily isolate a thin spherical layer of inner and outer radii r and r + dr. Lines
of current at all the points of the this layer are perpendicular to it and therefore such a
fayer can be treated as a spherical conductor of thickness dr and cross sectional area

axr’ So

dr
dR = 1
P 4nr M
And integrating (1) between the limits [a, b], we get,
1 1
R=-E|2_2
4n|a b]
Now, for b — =, we have
Ro-P_
4xa

In our system, resistance of the medium R = 2 (1 1 s
4x|la b

where p is the resistivity of the medium

The cuirent i= 2. —
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. —dg__JSng)__ dp . .
Also, 1 ar - 7 C 4 S capacitance is constant. (2)
So, equating (1) and (2) we get,
— 9 _ _cd9
£ j1_1 d
4nla b
or, _f de A
¢ Cpfl_1
4n|a b
of inm e Atdnab
’ 1% Cob-a)
Hence, resistivity of the medium,
4 Atab

P Cl-amn

Let us mentally impart the charge +g and —q to the balls respectively. The electric field
strength at the surface of a ball will be determined only by its own charge and the charge
can be considered to be uniformly distributed over the surface, because the other ball is
at infinite distance. Magnitude of the field strength is given by,

E-—2
dxeya
q

— and electric current
4 a

So, current density j= 1
Pdme,

Ia-f j—’dgbz iS= —-—q—-5-4rr.a2= -4
padreya PEy
But, potential difference between the balls,
: —p =292
P -9.= 2 4rxeya

Hence, the sought resistance,

¢, -y 29/4meya p
r q/p e,  2ma

R=

{a) The potential in the unshaded region beyond the conductor as the potential of the given
charge and its image and has the form

e ”
11 Ay E
¢=A - coerLl s
1N ity c/ -~ /B
o
where 1), r; are the distances of the point from : Ze zo ,/f;; e
. . R
the charge and its image. The potential has Z % 0/2 2 2 x )
been taken to be zero on the conducting plane 2o 2
Lo g P R W
and on the ball » AR
maqe, .~ -,
A(1 1) v INagee, zrix
P =~ =57
a 21
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So A ~ Va. In this calculation the conditions a <</ is used to ignore the variation of
¢ over the ball.

The electric field at P can be calculated similarly. The charge on the ball is

Q = dneVa
Va 2alv
and Ep = 2cosd =
ez El
Then j = 1
p pr
(b) The total current flowing into the conducting plane is
I=f 2::xdxj=f dmxde — 2 _
2 2
0 0 P (“2 + 1)

(On putting y = x2+12)

Hence R-%-—E—

3,159 (a) The wires themselves will be assumed to
be perfect conductors so the resistance is
entirely due to the medium. If the wire is of
length L, the resistance R of the medium is

1 . . .
a i because different sections of the wire are

connected in parallel (by the medium}) rather
than in series. Thus if R; is the resistance per

unit length of the wire then R = R,/L. Unit
of R, is chm-meter.

The potentizl at a point P is by symmetry and

superposition
(for I >> a)
- 4 In a -4 n 2
?=3 2
A | g
z"y
Then @, = ‘—2, = % % (for the potentiai of 1)
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ot, A= - V/n 1
a
1%
and f,p-"ﬁn—l-/—aln rl/rz
We then calculate the field at a point P which is equidistant from 1 & 2 and at a distance
r from both :
|4 1
Th - - i
en E I nl/a (r)x 2 sin®
- vi 1
2Ini/a 2
1 vV 1
d J - E -_—
an Ok =S Fnija 2
. . vV 1
(b) Near cither wire Anl/a a
1 v
and J ==0E-p nl/a
Then 1=YerY wyoma
R 1
Which gives R, = E In l/a

3160 Let us mentally impart the charges +¢ and —g to the plates of the capacitor.
Then capacitance of the network,

eg, | E dS
C= q_ ___9...-[.....!.'_..._ )
¢ P
Now, electric current,
i= fj d5= foE,dSasj11E. @)

Hence, using (1) in (2), we get,

i= C_qgo= _C_‘E.= 15pA
€€y p EE,
3.161 Let us mentally impant charges +qg and —g to the conductors. As the medium is poorly
conducting, the surfaces of the conducrors are equipotential and the field configuration is
same as in the absence of the medium,

Let us surround, for example, the positively charged conductor, by a closed surface S, just
containing the conductor,

then, RaZ_ % __ %P . iME
t J’J—’dg' JoE,ds
ee, | E dS
and c=4- of
(i ®

0
So, RC = = = PEg
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1162

3.163

3.164

The dielectric ends in a conductor, It is given that on one side (the dielectric side) the
electric displacement ) is as shown. Within the conductor, at any point A, there can be
no normal component of eleciric field, For if there were such a field, a current will flow
towards depositing charge there which in turn will set up countering electric field causing
the normal component to vanish. Then by Gauss theorem, we easily derive

o= D, = Dcos o where o is the surface charge density at A.

The tangential component is determined from
the circulation theorem

ff-d?zo

It must be continuous across the surface of the
conductor. Thus, inside the conductor there is

a tangential electric field of magnitude,
D sin ¢ at A .
Ege

This implies a current, by Ohm’s law, of

Dsina

EgE p
The resistance of a layer of the medium, of thickness dx and at a distance x from the first
plate of the capacitor is given by,

=

1 dx
dR= —— — 1
ox) § @)
Now, since o varies linearly with the distance from the plate. It may be represented as,

o, -0
o= 0+ ( 7 l]x , at a distance x from any one of the plate.

From Eq. (1)
dRw —— L
Gy=0,) §
01+( _ ]
d
o
or, R= }—f & = d in —=
5y (02—01) S(o,-a) o
o O+ —-d—x
SViog,-o
Hence, i= K= —--(—2-——1-)-=5nA
R a,
din—
41

By charge conservation, current j, leaving the medium (1) must enter the medium (2).
Thus

Jicoso, = j,cos L,
Another relation follows from
El: = EZ: ’
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3166

3167

which is a consequence of F d7r= 0
Thus -l-j sin oy = — J si;\az g
1 1= Rk
g o
! 2 @ (’CZ Jz
tan o an
or, 1 hr)
o % (1
tang, O
or, ! - -—1 J £'
tanoy, o, 1
The electric field in conductor 1 is
Pif
E=—
' aRr?
I
and that in 2 is E,= 22
TR
Applying Gauss’ theorem to a small cylindrical pill-box at the boundary.
I I
_ P12dg+ Pzzdg_ odS
nR nR £y

1
Thus, O= g -
o (P2-p) _inR

and charge at the boundary= £4(p, - p,) I
We have E, d, +E,d,= V

and by current conservation

1 1

—E »« —E

(1 1 4] 2
PV

Thus, = —
! P d +py4d;

Vv
27 prd+pyd,
At the boundary between the two dielectrics,
o=D,-D, = gye, E; —gg8, E|

gV ( )
——ssmr— | E -£
prd +pydy 2P2 = 1P
By current conservation dx
E(x) E@+dE(x) dE(x) 4
- ] rs
plx) p+dplx) dplx) 5, 0
This has the solution, ey £ /'_?:df —}—
E(x}-«cp(x)-aif—’z(fl ]

333
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Hence charge induced in the slice per unit area
da= 80}%[ {ex)+de () H{pW+dpx)}-exp)= eoid[ﬁ x)p (x}]

Thus, dQ= ¢, de(x)px)]
Hence 1otal charge induced, is by integration,
Q=¢eyl{e;p;-2,py)
3168 As in the previous problem
E{x)= Cpx)= Clpg+p; )

m-1)py
where pptpd=mp, or, p;= 7
d
By integration V= f Cp{x)de=C pod(l +B£—1) = %C ppd(m+1)
rAd
Thus ==
pod(n+1)
Thus volume density of charge present in the medium
ag
= S ggdE (x)/dx
_ 2e,V X(n—l)po_ZEOV(n—l)
Ped{n+1) d (n+1)d

3.16% (2) Consider a cylinder of unit length and divide it into shells of radius r and thickness
dr Different sections are in parallel. For a typical section,
d(L]— Inrdr 217 dr

R, - (a/rz) - o
1 aR* §°
Int ii —= =
fregrating, R, a 2no
5 .
or, R, = %, where S= xR’

(b) Suppose the electric filed inside is E, = E_ { Z axis is along the axiz of the conductor),

This electric ficld cannot depend on r in steady conditions when other components of £
are absent, otherwise one violates the circulation theorem

—» —
E-dr =10
The current through a section between radii (r+dr, r) is
2nrdr - £ = 23dr £
4
Thus _T 2n 3’d E
Hence E = 2ot when § = nR’

SZ
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3.170 The formuia is,
g=CV,y(1-e "R

9. _ -URC V. _,__-wrc
or, 1% o Vol -e } or, A 1-¢
-wRC v V-V
of, é = ] - F; T
Yo .
Hence, t = RC In =RCInl0, if V=09V,
V-V
Thus £ = 0.6 uS.
3.171 The charge decays accerding to the foumula
g= g, e %€
= o
Here, RC = mean life = Halflife/Iln 2
So, half life= T= RC In2
EEy A pd
But, C= P R= i
Henge, = 7 =14x10%Q-m
egyIn 2
3.172 Suppose q is the charge at time £ Initially g= CE, at r= 0.
Then at time ¢, e
: b
%‘1 —iR-E=0 1t
Buti= - %% (- sign because charge decreases) . !
-1R q
", g "
So C +R at E ¢
dg . m %
dt RC R
d m/RC_ & _twRC
or, Z qe RT e
or, q= ~C;]—§+A e~ t"RE

A= CE(l—%), from g= CE at t= 0

1 1) -wwrC

Hence, =CE[=4+[1-~]e™ "
T 0 R
Finally, i= _“fi_ff, E(HR- 1} -/kc

3.173 Let r = intenal resistance of the battery. We shall take the resistance of the ammeter to
be = 0 and that of voltmeter to be G.

iti = - = j———
InitiallyV=E~1Ir, I —ye
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3174

3175

G
r+ G M
Aftcr the voltmeter is shunted

—=E- ———§— {Voltmeter) 2) |
1

r+

So, V=g

| -
|

R+G

and i’G =" EG {Ammeter) 3) __@ @

"*R+G
From (2) and (3) we have

Y o Wt
M g—r+G R )
From (1) and (4)
%=r+G-nr or G=mr

Then (1) gives the required reading

LA -
M M+l
Assume the current flow, as shown. Then potentials are as shown. Thus,
¢ = ¢ -IR +E ~ IR, -, gq-IR‘ £ Q-IR#'EJ
or I= 5i-5 —NM'_*_'i I___L
’ R +R, P
7
And = @ - IR +§ 11 ¢ ?2 2
A
5i-% I 2
SO, = - El + le ﬂ i . 2
‘. -
= ~(§, R, + R )/R, + Ry) = -4V 2 @-IR+5IR,
Let, us consider the current i, flowing through the circuit, as shown in the figure.

Applying loop rule for the circuit, -Ap= 0
-2E+iR|+iR;+iR= 10

. L 1 gR" 2 g Rz 2
or, i{R+R,+R)=2E i - g
LR —— = I
or . .
’ R+R +R,
Now, if ¢ -9=0
-E+iR; =0 AAN N €

2ER,
or, R+R.+E,
of, R= R, - R,, which is not possible as R, > R,
Thus, P-@3= —E+iR,= 0

=% and 2R, = R, +R + R,



2&R,
or R+R,+R, =5
So, R = R, - R,, which is the required resistance.

. NE NaR
3.176 (a) Cument, = NR™ NR

(b) 9,-9g=nE-niR=naR-naR=10

= o, as E= aR (given)

3.177 As the capacitor is fully cbarged, no current
flows through it. So, current

I=

R, +R, (as E;>E))

And hence, ¢, —gpg= &, -5, +iR,

' R
E2_El ._E{,_—J\/\Ai/g

T
1
I
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E;-§ ¥
-5 -Et =Ry 14
R +R, £
_Z['_____/\Nv\,\_l
(Ei - EZ)RI Rz
- -5V
R, +R,
3.178 Let us make the current distribution, as shown in the figure.
Current § = 5 (using loop rule)
R R, R,
YR+ R, . _
4 J2
So, current through the resistor R, J— - j ”
]
R
i 2 & TR R R2
R+ R,R, R/+R,
R +R,
= ik = 12A
RR,+RR,+R R,
and similary, current through the resistor R,,
R
ipm — == el - 08A
R\R, Ry+Ry, RR, +R,R,+RR,
R4+ ——
R +R,
xR,
3.179 Total resistance= ’_xR + /
1o xR, * Vo
R+——
!
{-x xR R,
= R, + — X
P T +XR, .(_.___Vm_qj
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xR X xR X
Then V= V”IR+xR0 /(1—1+xRo+lR) - VoRx/{lR+R0x(1—I)}

For R>>Ry, Va vﬁ}

3.180 Let us connect a load of resistance KX between 1be points A and B (Fig.)
From the loop rule, A @ = 0, we oblain

iR =% - LR (1) ne R

and iR =k, ~ (i-i)R 3
2 i/ 442 A B

or ER+Ry=F+ R,(2)
Solving Eqs. (1) and (2), we get & R2
P - E\R + 5k, / R+ RiR, - & 3) 7

R1+R2 Rl +R2 R + RO

B Ry + ER, R R, R

where %0 - W‘ and Ro -~ m;

Thus one can replace the given arrangement of the cells by a single cell having the
emf &, and internal resistance R,

3.181 Make the current distribution, as shown in the

diagram. 6 R f [87- 5
Now, in the loop 12341, applying - Agp = 0 +H- ..
iR+i, R, +5 =0 ) 2 R
e 1'
and in the loop 23562, 1 ——{P—MW«—T’— 4
iIR-E,+(i-i)R,=0 (2) Z
Solving {1) and {2), we obtain current through ‘ . 3
the resistance R, 2 7 R
(E,R; - §, Ry
i = R -5 & - 002 A
RR,+RR,+R R,

and it is directed from left to the right

3.182 At first indicate the currents in the branches using charge conservation (which also includes
the point rule).

In the loops 1 BA 61 and B34AB from the 6, . A ;4
loop rule, - Ag = 0, we get, respectively _L 1 £
-+ -igRy + § - R =0 1) &
iRy + & - (i=i) Ry + 5 = 0 ) Ry Ry
On solving Eqs (1) and (2), we obtain Ri 1'2:(:5-2‘.)
(& - SR + Ry, + &) 162

iy = = 06 A 1 N <

R{R;, + RyRy + Ry R, i 8 i 3

Thus @, - ©5 = &, - R, = 09V
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3.184

3.1385

3.186
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Indicate the currents in all the branches using charge conservation as shown in the figure.
Applying loop rule, - Ag = 0 in the loops 1A781, 1B681 and B456B, respectively, we

get

§o=([0'£1)R1' (1 8 < 4 '\/5/2\/\,226 < 5

i Ry+i Ry ~E =0  (2)and

(i -B)R-E -4 R =0 (3) g.— e

Soiving Egs. (1), (2) and (3), g" T Rr . R3 r g’

we get the sought current lo~lt) l}, R

(I._I.)zg(Rz*Rs)*’goRa 1 Z} A ‘E'I BW?
1737 R[R,+R,) + R,R, 0 3 4=(-13)

Indicate the currents in all the branches using charge conservation as shown in the figure.
Applying the loop rule (~ A = 0) in the loops
12341 and 15781, we get

- LR - (,-L)R, =0 1
& + LRy - (i -B)Ry (1) s R3 7 N P
and (i, - i)Ry- & + iy Ry = 0 ) " AllB
LY
Solving Egs. (1) and (2), we get ' Ro | &
19 . 4
i B Ry + Ry + 5, Ry L5 R &
¥ R, R, + RyRy + RyR,
2 i} > 3
Hence, the sought p.d. & &

s - 95 = & - R
B R R +Ry - § R (R, + Ry
- R R, + RyRy + RyR,

=-1V

Let us distribute the currents in the paths as
shown in the figure.

Now, ¢,-¢, =iR, + iR, (1).
and @) — @3 = iRy + (i-i) R, 2
Simplifying Eqs. (1) and (2) we get
Ry (p1-@) + Ry (91— 93) -

T "RyR, + RyR, + RyR, 024
R ... .
Current is as shown. From Kirchhoff’s Second law -—AN\;V\-——C 23
iR = iRy, N . Ra
Il - . ‘ ;3
ER 4+ (i - )R, =V, A Rs B

iRy + (iz+i)R,=V L Ry D 4+is
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3.187

3.188

Eliminating i,
i1 (Ri+Ry) - iR, =V

th (R3+R Y+ LR, =

Hence i;| Ry (R, +R2)+ (R_,_ R,)

R
14 (R1+R2)—E-1-(R3+R4)]
3

RS(R1+R2)—R1(R3 +R4)
RR (R +Ry) + RRy(Ry+R,)
On substitution we get iy =1-0 A from C to D

or, iy=

From the symmetry of the problem, current
flow is indicated, as shown in the figure.

Now, @,-@z= §7+({i-i)R 1)

In the loop 12561, from - A= 0
(-i)R+(=-2i)r-ijr=20

(R+r)

3r+R’ @

Equivalent resistance between the terminals
A and B using (1) and (2),

ot, i=

R+r
3r+R(r_R)+R

‘PA“PB,[ Isr(3R+r)
{ i 3r+R

Ry=

Let, at any moment of time, charge on the plates be +g and —g respectively, then voltage
across the capacitor, ¢ = ¢/C 1)
Now, from charge conservation,

i= i+, where i,= %":‘ {2)

In the loop 65146, using —Ag= 0

%+(i1+%‘f)n-§-o 3)

[using (1) and (2)]
In the loop 25632, using —-Ag@= 0

-L4iR=0 o :'IR-% (@)
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From (1) and (2),

dg . . 24 dg__ dt
af=%-¢c % TR ®)
5-¢

On integrating the expression (5) between suitable limits,
q

21

Thus %, Ve _12_'5(1_8—2:/RC)

(a) As current i is linear function of time, and at = 0 and At, it equals i, and zero
respectively, it may be represented as,

& &
. . ¢ iy At
Thus q=f1dt=fzo(1-§)dt= )
0 0
So, ip= %
o2t
Hence, b= [1 A
The heat generated.
Al
0 i 4R
N _ 2q _r _ 4R
n= [ e [ [21-£)] o - 42
0 0
(b) Obviously the current through the coil is given by
VM
i= [t
012
i At
Then charge g= fidr a f g2 M=
In2
0 0
So, Iy = g—z 2

And hence, heat generated in the circuit in the time interval ¢ {0, =],

o

H=fi2Rd:=f ginZ,-va| pg. L2 p
A Ar 241
0
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1196

3.191

1192

The equivalent circuit may be drawn as in the figure.
Resistance of the network = R + (R/ 3) R
Let, us assume that e.m.f. of the cell is &, then
current R
VAR Y

Y% R+ (R73) R

Now, thermal power, generated in the circuit
P=R/3 — & 9
Ry + (R/3) )2 &
fi..
For P to be maximum, EE = 0, which yields ;R
R=3R, "o

We assume current conservation but not Kirchhoff’s second law. Then thermal power

Ri

dissipated is
. ) ..
P(tl)=;1R1+(z—11)2R2

i2(R,+R,) - 2ii,R, + 'R,

2
R, R\R,
= R + — ‘2 —_— =7
[1 RQ] i R1+R2‘ +i R +R, Izl
The resistances being positive we see that the power dissipated is minimum when
iy =i
1""R,+R,

This corresponds to usual distribution of currents over resistance joined is parailel.

Let, internal resistance of the cell be r, then
V=E-ir 1)

where i is the current in the circuit. We know

that thermal power generated in the batiery.

Q=i 2 R
Putting r from (1) in (2), we obtain,
Q= &-V)i=06W i k

In a battery work is done by electric forces
{whose origin lies in the chemical processes
going on inside the cell). The work so done
is stored and used in the electric circuit outside. &
Its magnitude just equals the power uscd in

the electric circuit. We can say that net power

developed by the electric forces is

P=—IV =-2'0W

Minus sign means that this is generated not consumed.
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3.193 As far as motor is concerned the power delivered is dissipated and can be represented by
a load, R, . Thus

|4
= R
R+R, _—
ViR
and  P=I*Rje —> V Ro
(Ry+R)
This is maximum when Ry = R and the current . A -
1 is then
|4
I= R
The maximum power delivered is
V2
AR "™ Fous
y? 2
The power input is R+FR, and its value when P is maximum is R

The efficiency then is %—- 50%

3.194 1If the wire diameter decreases by & then by the information given
- 2
P = Power input = % = heat lost through the surface, H.

Now, H o= (1 - &) like the surface area and

Rox(1-86)2
v? 2 2
So, R—(l -8)°=A(1-8) o, V°(1-0)= constant
0
But Vel+m so (L+m)>(1 ~8)= Const= 1
Thus d=2n=2%
3.195 The equation of heat balance is
v? dT
R -k(T-Tp=C ”
Put T-Ty=E&
v? k. V?
> CBekB= g on B+el=CR
d . ks VZ e
or, E(Ee 9 R
2
or, Eeh/c eh/r:+A

where 4 is a constant. Clearly
E=Qatt=0, so A= —Vﬁand hence,
z

4 -k
Te Tg+yz(l-e <)
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3.196

3197

3198

Let, @,-93=¢
Now, thermal power generated in the resistance R,
2

R
P=i?R = + | R
* , RoR, Ry+R |7

1"R,+R, A _
For P to be independent of R, i
Rz RJ:‘

dP . .
R - 0, which yeilds

x

R = R\ Ry
* R, +R,

Indicate the currents in the circuit as shown in the figure.
Appying loop rule in the closed loop 12561, — Ap = 0 we get

=12Q

LR-E +iR =10 1)
and in the loop 23452,
(i-i)R,+&~-i,R= 0 ) ¢ 4
Solving (1) and (2}, we get, J J-
; E R+ E Ry & Té2
1" RR+R,R,+RR,
So, thermal power, generated in the resistance R,
2
P=i?R E R, +E R, R R
! RR, +R, R,+RR, K Ry
For P to be maximum, % = 0, which fields 1!
R, +R,
R, +E,R,)*
Hence, P = —-—-—-—'—"-_@1 2+ 5 R)

mx= 4R R, (R, +R)

Let, there are x number of cells, connected in series in each of the n parallel groups

N
then, nx= Nor, x= . 4y R
RN NP AP R
Now, for any one of the loop, consisting of x
cells and the resistor R, from Joop rule g 1%
. |
iR+ i—xr -xE=10 r
& 1xr
N i
So,i = x5 =z , using (1)
xr Nre Moo o]
R+— R+—5

n n
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Heat generated in the resistor R,

2
- 2 - Nn§
Q= R= | % +NR) R @

4Q = ), which yields

and forQtobe maximum,zn

Nr

ne — = 3

R
‘When switch 1 is closed, maximum charge accumulated on the capacitor,
Fuax = €&, ®
and when switch 2 is closed, at any arbitrary c
instant of time,

(R, +Ry) (— ‘f,?) - 4/C, %

because capacitor is discharging, Swi-%

L)
1 1
°"f3d""<ﬁl+mc{d‘ 4
q_

Integrating, we get

q -t (R +R)C -
- or, = e 2

Differentiating with respect to time,

In

=t

, RIEX 1
Q)= %* G € PR [_W)

-t
CE e R, +R)C
{R,+R)C

Negative sign is ignored, as we are not interested in the direction of the current.

or, i(n)=

-1
thus, ()= E’E‘Eﬁ , FRIE )

When the switch (Sw) is at the position 1, the charge (maximum) accumalated on the
capacitor is,

q=C§%
When the Sw is thrown to position 2, the capacitor starts discharging and as a resull the
electric energy stored in the capacitor totally turns into heat energy tho’ the resistors R,

and R, (during a very long interval of time). Thus from the energy conservation, the total
heat liberated tho’ the resistors.

@ 1 .2
H=Ui=2"3
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3.200

320

During the process of discharging of the capacitor, the current tho® the resistors R, and
R, is the same at a]l the moments of time, thus

H, « R, and H, = R,

S H HR (as H=H, +H
o, 1= R, + k) as H=H, + H)
1 CR, 2
Hence H, = 5 R+ K
When the plate is absent the capacity of the condenser is
€S
C= 7
‘When it is present, the capacity is
gg S
C'= —22 _<€
dil-m) " 1-7

(a) The energy increment is clearly.

AU=Levz_leoyzl €M 2

2 2 2(1-m)
(b) The charge on the plate is

cv o,
q;= -1—-_—1—1 initially and gr= CV finally.

2

A charge %‘- has flown through the battery charging it and withdrawing E:IV_;[ units

of energy from the system into the battery. The encrgy of the capacitor has decreased by

72
just half of this. The remaining half i.e. %C;‘_-;[ must be the work done by the external

agent in withdrawing the plate. This ensures conservation of energy.

Initially, capacitance of the system = Ce.

So, initial energy of the system : U, = %(C £) y?
and finally, energy of the capacitor : Uf- %C v?
Hence capacitance energy increment,
Y
“levilicgvialev e - 1)e-05mr
2 2 2
From energy conservation
AU=A+A,.
(as there is no heat liberation)
But Ay = (C;-Cy V= (C-CelV*

AU
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347
Hence A, ., = AU-A

= %C(I-E)st 05mJ

If C, is the initial capacitance of the condenser before water rises in it then
g 2in R

U, = -l-CO V2, where Co= y

2

(R is the mean radius and ! is the length of the capacitor plates.)

Suppose the liquid rises to a height & in it. Then the capacitance of the condenser is

eegf2nR , eU-R)2R _ £g2AR
d d - d

and energy of the capacitor and the liquid (including both gravitational and electrosatic

contributions) is

1 g 2nR

2 d

If the capacitor were not connected to a battery this energy wouid have to be minimized.
But the capacitor is connected to the battery and, in effect, the potential energy of the
whole system has to be minimized. Suppose we increase 4 by 8A. Then the energy of the
capacitor and the liquid increases by

£y 2nR
2d

I+ @E-1)h

(+(e- DBV + pg 2R hd) ’5’

&h

-1V + pg(Zn:Rd)h)

and that of the cell diminishes by the quantity A_, which is the product of charge
flown and V

gy (2R
dh 0 @7R) (e~1)V

d

In equilibrium, the two must balance; so
gy (e - 1) V2
- 2d
£ (€ - 1)V2
Hence = ‘L'i)_
2pgd

(a) Let us mentally islolate a thin spherical layer with inner and outer radii
r and r+ dr respectively. Lines of current at all the points of this layer are perpendicular
to it and therefore such a layer can be treated as a spherical conductor of thickness dr

and cross sectional area 4 & rz. Now, we know that resistance,

dar dr
dR= poicm pans 1
ps(") p43rr M

Integrating expression (1) between the Iimits,
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3.204

b

R

dr el 1
de-fpo,,”? o, R= 4n[a—b]
0 a

4::806

Capacitance of the network,C =

5

and - where g is the charge
gl ?|at any arbitrary moment
also, QP = =dq R, as capacitor is discharging,

dt
From Egs. (2), (3), (4) and (5) we get,

_dq] [L_1
dt|pia b

_4neoe of dg __dt
11 4n T g peg
a b
4 ¢
1 dt
Integrati f—‘—ii-— dr =
paine g peoe-{ p e2,
%
—t.
Hence g= gye P5°

{b) From energy conservation heat generated, during the spreading of the charge,

H= U;- U, [because A 4 ~ 0]

@

&)

@

)

_l % 1 %) % b-a
" 24aggl|a b 8meg ab
{(a) Let, at any moment of time, charge on the plates be (g; - ¢} then current through
d -
the resistor, i= - —(—%;—q), because the capacitor is discharging.
;= 99
o " -(4o-4) [ (o9 )
Now, applying loop rule in the circuit, I |
., -4 C
iR - ol 0
dq 9-9 R
oL dt R C PV V) S S—
=d4
_dq _ 1 =2%
o -9 RC dt dt
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At t= 0, g=0and at t= 1, g= g

do—4
So, In——=
%o R
Thus g= qo(l-e“'mc) 0-18 mC

{b) Amount of heat generated = decrement in capacitance energy
2

Qg — g, - -t/RC
.L?i_.l. [ o 0(1 e )]
2C 2 C
2 2t
1% 0, ‘JTE]_
57T [1 e 82 mJ
Le i - 94
t, al any moment of time, charge flown be g then current i = r
Applying loop rule in the circuit, — Ap = 0, we get :
dq,, V-9 4
dt]R o +_C' 0
49 __ 1 2t ——'\/\/5'\/\/—9-——-—
o CV,~2q RC -4 -
(CVo~4)

CV,-2q _.L_C 4

So, In TSFZI_(E for Ostst - T
0 o Clo—8
cv -z S i=d
or, g= o(l_exc) Z_Z
2 at
. dg CVy 2 ;R Yo _awrc

Hence, = o= —5—g5 € =€

Now, heat liberaled,

o = .
2 0 2
=szdt-——2- f RC gr= = OV,
[ 0

In a rotating frame, to first order in w, the main effect is a coriolis force 2 m v ox .

—

This unbalanced force will cause electrons to react by setting up a magnetic field B so
—

that the magnetic force e ¥'x B balances the coriolis force.

Thus ——~—B or, B— -%’—"—u—f
2m e

The flux associated with this is

¢ = NstrzB=Natr22—;"-m
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where N= E?It_r'- is the number of turns of the ring. If ® changes {(and there is time for

the clectron to rearrange) then B also changes and so does ®. An emf will be induced
and a current will fiow. This is

I=Nzr —2:;"— w/R
The total charge flowing through the ballastic galvanometer, as the ring is stopped, is

qu:trZ/ -2;—”(1)/}1

e_ ANnFo  lor

So, m qR qR

3.207 Let, n, be the total number of electorns then, total momentum of electorns,

p= nomevd (1)
e
Now, I=pS, vy= %—sxv,- ”l—evd o))

Here §, = Cross sectional area, p = electron charge density, V = volume of sample
From (1) and (2)

mé
p= -;—Il- 0-40 pn Ns

3.208 By definition

nev;= j (where v, is the drift velocity, n is number density of electrons.)
Then T= L- le—l'
Va )
So distance actually travelled
nel<v>

J

S=cy>T=

{<v> = mean velocity of thermal motion of an electron)

3.209 Let, n be the volume density of elecirons, then from I'= p §, v,

I=neS [<v>|= neSx%

So, t= “— = 3 ps.
(b) Sum of electric forces

= |{nv) eE] =|nSle pﬂ: where p is resistivity of the material.

= nSlep-;-- nelpl= 10 uN
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3.210 From Gauss theorem ficld strength at a surface of a cylindrical shape equals,

, where A is the linear charge density.

2xe,r
i 2 2eV
Now, eV = SmV on v= ~y 1
- dq _ , &
Also, dg= Mdx so, I A T
or, I=4kv or A.=—£--= ;—’using(l)
2eV
m

(3

I ‘\/ m,
Hence E = 32V/m

T 2n gy 2eV
(b) For the point, inside the solid charged cylinder, applying Gauss’ theorem,
2nrhE=nrPh—i—

eonRzl
q/1 Ar
0]’, = 2]’- %
2reyR 2ne, R
So,from Ew -%;£,
A R
f—-dq;-f—}——jrdr
2Zne,R
®, 0
cpm M [P] 2
or, ¢1-P 2me RZ|2[, 4ng
VI ‘V m
Hence, P -y m‘; 'z—f“v" = 0-80V
3211 Between the plates @ = ax*?
ot, %- axg-x”3
dzt'p 4 i
-67'-- §a.x - —p/eo
4eya
or, p= - 90 x-m

Let the charge on the electron be - ¢,
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3.213

3.214

1
2
as the electron is initially emitted with neligible energy.

v2=2e9. Y = 2eq
m m

dega 2 273
S [ = = EL .
% J pv 9 P

(j is measned from the anode to cathode, so the - ve sign.)

then m” - e = Const. = 0,

|4
E=3
So by the definition of the mobility
V= uty 7 Vo= u‘o—%
and j=(n+u3+n_u;)%-f

(The negative ions move towards the anode and the positive ion towards the cathode and
the total current is the sum of the currents due to them.)

On the other hand, in equilibrium n_= »_

I + -, &V
So, n, = n_=-§/ (u0+u0)7
I1d

T evs (g + g )
Velocity = mobility x field

= 23x10°cm ™3

Yo
!

So, maximum displacement in one direction is
E.1

Vo . 2uV,
Xpax = uT sinwrdt =
0

or, v = u— sin w ¢, which is positive for 0s wr=< =

lw

2uV,

At w= wy, X, .= I so o -
wl?
Thus o= '2—1-/;
When the current is saturated, all the ions, produced, reach the piate.
Y/

Then, n - = =6 x10° emPs™!

eV

(Both positive ions and negative ions are counted here)

. . odn .
The equation of balance is, E;—'-= n -ri
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The first term: on the right is the production rate and the second term is the recombination
rate which by the usual statistical arguments is proportional to n (= no of positive ions
x 10. of ~ve ion). In equilibrium,

dn

@

"
50, n-v-;‘-6x107cm'3

eq

3.215 Initially n= ny= Vn, /r

Since we can assume that the long exposure to the ionizer has caused equilibrium to be
set up. Afer the ionizer is switched off,

an_ _ .2
dt
dn 1
or rdt= ——, or, rt= —+constant
n n
1 1
But n=nyatt= 0, s0, rt= ——-—
n n

The concentration will decrease by a factor  when
1 1 n-1

B ny/n  ny Ry

or, toan-\fr;:;: = 13 ms

3.216 Tons preduced will cause charge to decay. Clearly,

rt,

. £
7N CV = decrease of charge = n;eA dt = —':;—Vn

or, t= -

Note, that n, here, is the number of ion pairs produced.

3.217 If v = number of electrons moving to the anode at distance x, then

dv
——=av or v=vye®*

dx
Assuming saturation, /= evye®

3.218 Since the electrons are produced uniformly through the volume, the total current attaining
saturation is clearly,

d

4
I-fe(h,-Adx)e“"- efll.A(
0

e*¥-1
a )

a

ad
Thus, j= §= e:'z,-(e _1)



