Electric Oscillations (Part - 1)

Q.94. Due to a certain cause the free electrons in a plane copper plate shifted over
a small distance x at right angles to its surface. As a result, a surface charge and a
corresponding restoring force emerged, giving rise to so-called plasma oscillations.
Find the angular frequency of these oscillations if the free electron concentration
in copper is n, = 0.85.10%° m™.

Ans. | fthe electron (charge of each electron = - e) are shifted by a same distance x, a
net + ve charge density (per unit area) is induced on the surface. This will result in an

electric field E = ™€*® jn the direction of x and a restoring force on an electron of

nex
E.D ¥
Thus mx = - ne'x
By
or J’c'+-n—e;—x =0
meg
This gives w, = ne = 1.645 x 10" 57\,
J'H-Eﬂ

As the plasma frequency for the problem.

Q.95. An oscillating circuit consisting of a capacitor with capacitance C and a coil
of inductance L maintains free undamped oscillations with voltage amplitude
across the capacitor equal to Vm. For an arbitrary moment of time find the
relation between the current I in the circuit and the voltage V across the capacitor.
Solve this problem using Ohm's law and then the energy conservation law.

AnNs. Since there are no sources of emf in the circuit, Ohm’s 1 law reads

q,._p4
c L dt
. f - d—qs .
Where g = change on the capacitor, dt — current through the coil. Then

iﬂ 2o - 2 1
d;gﬂﬂnq 0, wy IC®

The solution of this equation is

g = gmcos (wpl+a)



v, Hn

From the problem "™~ € Then
I= -y CV sin{mgr+a)
and VeV, cos({ugt-a)
F 2
Vis =V
wict "
2
or V’+% - V2,

2

%Ll’z+—q— = constant

By energy conservation iC

When the P.D. across the capacitor takes its maximum value Vm, the current I must be

zero. Thus "constant”

Hence £C£+ V:= V,;“: once again.
Q.96. An oscillating circuit consists of a capacitor with capacitance C, a coil of
inductance L with negligible resistance, and a switch. With the switch
disconnected, the capacitor was charged to a voltage Vm, and then at the moment t
= 0 the switch was closed. Find:

(a) the current I (t) in the circuit as a function of time;

(b) the emf of self-inductance in the coil at the moments when the electric energy
of the capacitor is equal to that of the current in the coil.

Ans. After the switch was closed, the circuit satisfies

ar g
L=

or %+uﬁq-ﬂ-&q-ﬂ‘i’_m%r
Where we have used the fact that when the switch is dosed we must have

v-%-v_,;-%‘l-unr-n.



1=t <= CVaywsinwgt

= -V, Ec-linmﬁr

L cosay

r
(b) The electrical energy of the capacitor is 2€ and of the inductor is
%L P sin® wg 1.

The two are equal when

WIE
0F = 4

At that instant the emf of the self-inductance is

di
-Ld—: = YV, CO8w,t = meﬁ

Q.97. In an oscillating circuit consisting of a parallel-plate capacitor and an
inductance coil with negligible active resistance the oscillations with energy W are
sustained. The capacitor plates were slowly drawn apart to increase the oscillation
frequency n-fold. What work was done in the process?

Ans. In the oscillating circuit, let

g = g,Ccoswil

be the change on the condenser where

g -l—and C . . .
Le and C is the instantaneous capacity of the condenser (S = area of plates)
o BS
¥y

y = distance between the plates. Since the oscillation frequency increases n fold, the
guantity

2 !
w EnSL

changes n?fold and so does y i.e. changes from yy initially to n2yo finally. Now the



P.D. Across the condenser is

G Y u
V= o cOS @l = e cos w f

And hence the electric field between the plates is

Gm
E = Ensmsmr

Thus, the chaige on the plate being 4= @4 the force on the plate is

F= B st e

En-s

Since this force is always positive and the plate is pulled slowly we can use the average
force

A

F'ze{,s

A =F(Wy-yn)= {n’-llg':l;
And work done is 0

ﬂ'i}"n - ‘ﬁ. -W
?.tn..‘.i' 2Cg ..
But the initial stored energy. Thus.

A=(n’-1)W.

Q.98. In an oscillating circuit shown in Fig. 4.27 the coil inductance is equal to L =
2.5 mH and the capacitor have capacitances C; 2.0 pF and C> = 3.0 pF. The
capacitors were charged to a voltage V = 180 V, and then the switch Sw was closed.
Find:

(a) the natural oscillation frequency;

(b) the peak value of the current flowing through the coil.

[ 5,,!;“ L
T %f' : T Tl_,ffj

Fig. 4.27. Fig. 4.28.



Ans. The equations of the L - C circuit are

clv-j Ldt € V-[hLd
C, T Oy

1 1
L(li+1) = - FIII - C—:

d
L &'{Ii +I}-

I
Differentiating again ’

Then

Cy
f! = El—{:zf, fg -

[ o= 'fl +.f=

2
C|+Cz I'

50 L(Cy+C3)I+I =0
or I = [ysin{wgr+a) I

e r Sw 1,
where 00 = 717G, +C;) (F?) Cr=

— I#.IE -1 CE
(Hence T-%-ﬁ.’?m&)

At =0, I=0s0a=20

Ii= fnﬁiﬂﬂ]uf-

The peak value of the current is 70 and it is related to the voltage V by the first equation

LI=V- [Idt/C,+Cy)

]
1 .
or + L wgfycos wyt = V—C1+C2_£'Iusmm¢:dr

(The P.D. across the inductance isV att = 0)

1 Iy
s—(cos gt -1
+C1+C-z (.l]ﬂ{ bjﬂ }

NIAY:
Hence I = (Ci+C)wgV = VY 21222 _ 805 A

L

Q.99. An electric circuit shown in Fig. 4.28 has a negligibly small active resistance.
The left-hand capacitor was charged to a voltage Vo and then at the momentt=0
the switch Sw was closed. Find the time dependence of the voltages in left and right
capacitors.

Ans. Initially g = C V 0 and g2 = 0. After the switch is closed change flows and w e
get



q1+9: =CVy
91 ,dI 92

ctta-—¢e-"
Also [ =gy = =gy Thus T
Ljr'+%‘i_u q %
it ol] - 2 2 % +
Hence I +wgl = 0wy ic’ - _._..:‘IE
The soloution of this equation subject to -q; -qi
I=0att=0 Sy
o

is 1= lysinwge.
Integrating
P
gy = "o cos Wy {

Ty
gy -B+E ©os wy i

Finally substituting in (1)

A-B 1l
T—mnccosmgHLInmncusmnr =0

Thus

CV,
2

cv, I
2 l‘-II’.III|:],

A =B = and

=10

So
C ¥
g, = '_z'_n(l"‘mu]ﬁ‘}

V
g2 ‘Tufl"fﬂﬁmuf}

Q.100. An oscillating circuit consists of an inductance coil L and a capacitor with
capacitance C. The resistance of the coil and the lead wires is negligible. The coil is
placed in a permanent magnetic field so that the total flux passing through all the
turns of the coil is equal to ¢. At the moment t = 0 the magnetic field was switched
off. Assuming the switching off time to be negligible compared to the natural
oscillation period of the circuit, find the circuit current as a function of time t.



Ans. The flux in the coil is

D(r)=[D <0
0 >0

. . =L
The equation of the current is 4t ¢ @

2
AL Gy

This mean that ~ 9*

or with (:Jﬁ--L f o= fysin(wyr+ o)

LC

i
Putting in (1) -Llymgcos (wyt+a) = - K%' [cos (wgt+a)— cosa]

This implies cosax = 0 . J = = [;cos wyt . From Faraday's law
dd dl
= a "t

or integrating from f = — ¢ to - € where € —= 0
$ = L I with + sign in [

80 I hd COs oy §
¥ L mﬂ *

Q.101. The free damped oscillations are maintained in a circuit, such that the
voltage across the capacitor varies as ¥ = Vme™® cos of. Find the moments of time
when the modulus of the voltage across the capacitor reaches

(a) peak values;

(b) maximum (extremum) values.

. _— -
Ans. Given ¥V = Vm e = cosorf

) ) ' . -1
(2) The phrase ‘peak values’ is not clear. The answer is obtained on taking |cos we|

(b) For extrema



- Peoswr- wsinwe = 0
or tanw i = — PSw

i.e. W =nn+ tan'][—:-u-ﬁ],

Q.102. A certain oscillating circuit consists of a capacitor with capacitance C, a coil
with inductance L and active resistance R, and a switch. When the switch was
disconnected, the capacitor was charged; then the switch was closed and
oscillations set in. Find the ratio of the voltage across the capacitor to its peak
value at the moment immediately after closing the switch.

Ans. The equation of the circuit is

2
L LQ, 40, Q2
dt di

cC

This has the solution Q0 =0, Psin(wr+ a)

R Val-8. o=t
where ﬂ-zL.m wy = 7, oy Ic
Now I-E'Q'-'D att =10

dt

50, 0.e P (-psin(wr+ a)+wcos(wt+a)) =0 att=0
Thus weosa = fsina  or u=tm—1%
Now Vm=%nnd VDHRD,atr-l]-%Esina

%-smu-——*—-——n-—a Vl-ﬁfm-ﬁ 'i"

m Vﬁ.}“‘ﬂ

Q.103. A circuit with capacitance C and inductance L generates free damped
oscillations with current varying with time as | = = Ine™'sin ot. Find the voltage
across the capacitor as a function of time, and in particular, at the moment t = 0.

Ans. We write

—%? -I =1, e B sinwr

=fr+ imr

=gml, e (gm means imaginary part)

Then



~Bi+ dmr

C=emln 5w
=Br+iwmtr
{ﬁ"' im}e—ﬁl’if.]
- gm i, == Bz-l- w
m] -t BSINQI+ © coswf
" ﬁz-n-mz
o e mr im0t ) 5.2
Uﬁz+ w? p

(An arbitrary constant of integration has been put equal to zero.) Thus

V—%-!.V% e P sin(wt+ 8)

L L w
vo)=1, VL sms=r, Vi =2
C C'1,fm2+ﬁz

Y S
" Cc(1+ pw’)
Q.104. An oscillating circuit consists of a capacitor with capacitance C =4.0 pF
and a coil with inductance L = 2.0 mH and active resistance R = 10Q. Find the
ratio of the energy of the coil's magnetic field to that of the capacitor’s electric
field at the moment when the current has the maximum value.

ANS.

I=I, e ® sinwt

R 1,1'
ﬁ-_:lmﬂ- ﬁ:m- m’ﬁ“ﬁl

2L
I =g, q= charge on the capacitor
Then q_;me*ﬁfii“_[ﬂ.f:_al*ma_ﬂ‘
Vol + ﬂz B
Thus Wy = % L12e P ginar

i e B sin’(we+ 8) LI: o= 2B

. 2
3C o B > sin (we+ &)

Wg =



Br

Current is maximum when %e_ sinwt =0
Thus - Psinwt+ weoswr =0
or uum:-ﬂuunb
p
i.e Wi =nn+ b
W 3 . 2
and hence Fu _ S;I!l (wr) - m:& - 1j
W  sin®(wit+ &) sin®28 dcos’d
1 wg 1 LY L

W ——— g — g w— —_— o 0 - 5.

4ﬁzfr-"-1§ 4ﬁ2 LC‘“RI CRZ
(Ww is the magnetic energy of the inductance coil and WE is the electric energy ot t!
capacitor.)

Q.105. An oscillating circuit consists of two coils connected in series whose
inductances are L; and L, active resistances are Ry and Rz, and mutual
inductance is negligible. These coils are to be replaced by one, keeping the
frequency and the quality factor of the circuit constant. Find the inductance and
the active resistance of such a coil.

Ans. Clearly
L -L1+ L:,R -R]‘fR-z

Q.106. How soon does the current amplitude in an oscillating circuit with quality
factor Q = 5000 decrease n = 2.0 times if the oscillation frequency is v=2.2 MHz?

ANS.

Now Br=1Inmn Wr-m—n"lﬂr
-m-ﬂjma

Y

Q.107. An oscillating circuit consists of capacitance C = 10pF, inductance L = 25
mH, and active resistance R 1.0 Q. How many oscillation periods does it take for
the current amplitude to decrease e-fold?

Ans. Current decreases e fold in time



I-r-l--& seC -Emcillltiuna
g R T
2L w
R 2n
L L Rn bl"-tL'E— 1 159 illati
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Q.108. How much (in per cent) does the free oscillation frequency o of a circuit
with quality factor Q = 5.0 differ from the natural oscillation frequency wo of that
circuit?

Ans.
-t B
€37~ 28
-'2 -—
® B2, B TR
Now wy = @ 1+% of W= ——ot
40 I
1-{-—?
40
so |“’“' xmue@..s;:xmu%-m%

Q.109. In a circuit shown in Fig. 4.29 the battery emf is equal to @€ = 2.0V, its
internal resistance is r = 9.0€Q2, the capacitance of the capacitor is C = 10pF, the coil
inductance is L = 100 mH, and the resistance

%5 %E‘ ?L

Fig. 4.29,

is R = 1.0 Q. At a certain moment the switch Sw was disconnected. Find the energy
of oscillations in the circuit

(a) immediately after the switch was disconnected,;

(b) t=0.30 s after the switch was disconnected.

ARNS.




E
Att = 0 current through the coil R+

£
P.D. across the condenser R+ r

(a) Att -0, energy stored = Wo
i (e YV, 1 (eRY 1 2(L+CRY) Lo
(R+ J+2 (R+r] € )

2 2 (R+ r ¥

(b) The current and the change stored decrease as e'?/?- so energy decreases as et R/-

W= W, e " =010 m.

Q.110. Damped oscillations are induced in a circuit whose quality factor is Q = 50
and natural oscillation frequency is vo = 5.5 kHz. How soon will the energy stored
in the circuit decrease n = 2.0 times?

Ans.
=z _av_ o Vo-p
or 2o Vit40® o pa 2
p 1+ Q?
Now W= W, e 2#

Thusmnlgydmusmﬂtimain]:—; sec,
v =2
nir4Q _Qln 033 ms
2wy

-]n 2*\".1



Electric Oscillations (Part - 2)

Q.111. An oscillating circuit incorporates a leaking capacitor. Its capacitance is
equal to C and active resistance to R. The coil inductance is L. The resistance of
the coil and the wires is negligible. Find:

(a) the damped oscillation frequency of such a circuit;

(b) its quality factor.

Ans. In a leaky condenser

dq _ ,_ 4 Y
& -1 where [ R Icak current
.9 __q;41_ _,dfdg V
Now V ol Ld.r Ldt dr+ﬂ
.y 4g L da
di RC dt¢
o, 1do,
or q+R di LCq
Then q-q,,e'“ sin { w f+ @)

I S D O _ 7 _ o2
VvV i__1
LC 4Rr*c?
{b}ﬂ-—-RC VL #
2p LC 4Rr3c?
4CR?
_2 2 -1

Q.112. Find the quality factor of a circuit with capacitance C = = 2.0 pF and
inductance L = 5.0 mH if the maintenance of undamped oscillations in the circuit
with the voltage amplitude across the capacitor being equal to Vm =1.0V
requires a power (P) 0.10 mW. The damping of oscillations is sufficiently low.

Ans.



Given V = V e P sinwt, w w wy pT <<1

Energy loss per cycle
T

Power loss =

- %CVE: 2p

(encrgy decreases as Wye™ 2P 5o loss per cycle is Wyx 28 7T)

Thus ﬂP}-%Cijf

2<P>

Va
VZ

Hence Q -}% V %f." =V lq 2{;} = 100 on putting the vales.

Q.113. What mean power should be fed to an oscillating circuit with active
resistance R = 0.45€Q to maintain undamped harmonic oscillations with current
amplitude Im = 30 mA?

or R = %

Ans. Energy is lost across the resistance and the mean power lass is
P> = R®> = ZRIZ = 02 mW.

This power should be fed to the circuit to maintain undamped oscillations.

Q.114. An oscillating circuit consists of a capacitor with capacitance C = 1.2 nF
and a coil with inductance L = 6.0 iLtli and active resistance R = 0.50Q. What
mean power should be fed to the circuit to maintain undamped harmonic
oscillations with voltage amplitude across the capacitor being equal to Vim =10 V?

RCV,}?
= as in (4.112). We get <P> = 5 mW.

> ==

Ans. 2L

Q.115. Find the damped oscillation frequency of the circuit shown in Fig. 4.30. The
capacitance C, inductance L, and active resistance R are supposed to be known.
Find how must C, L, and R be interrelated to make oscillations possible.

Fig. 430, Fig. 4.31.



Ans.

Gm?"ql‘."q} ]
h=-g,L=-q
LII-RJ’I-%.
Thus CL g+ (qy+ gz) = 0
RC g+ qi+ g, = 0

sl

Putting g, = Ae'®’ g, = Be

I nitls

-

(1- w'LC)A+ B =0

A+(l+ iwRC)B =10

A solution exists only if

(1- @®’LC)(1+ ioRC) =1

or ioRC- w’LC-iw’LRC? =0

or LRC*w*-iwlC-RC =0
7. 1 1
w-togs-1c "0

w J ' 1 —1_ wift oy

“2RCT T LC aR
Thus @ = (A, cos agt+A;sinagt)e P’ ete

2
o is the oscillation frequency. Oscillations are possible only if “°~ 0

ially

.
ie. 4R?



Q.116. There are two oscillating circuits (Fig. 4.31) with capacitors of equal
capacitances. How must inductances and active resistances of the coils be
interrelated for the frequencies and damping of free oscillations in both circuits to
be equal? The mutual inductance of coils in the left circuit is negligible.

Ans. We have

'E'J: f1+ lel = L: jz'l' Rz.ﬁ
f1de
- —d—-E‘—-

I=5L+1

Iz

Then differentiating we have the equations

L]Cfri‘ﬂlc.h + {.lr]_".' Iz} =
L,CI,+ RCl+ (Ij+ 1) =0

Look for a solution
I, = Ay e®, I, = Ay &'
Then (1+ o L,C+ aR,C) A+ A, = 0
A+ (1+®L;C+ aRC) Ay = 0

This set of simultaneous equations has a nontrivial solution only if

(14 a«’L,C+ aR C)(1+a’Ll,C+ aR,C) =1
of ﬂ3+u: L1R1+ LER]_* .L-i'l' Lz_"' RIR1C+R1+R1 -
L,L, &L L, C L,L,C

0

This cubic equation has one real root which we ignore and two complex conjugate
roots. We require the condition that this pair of complex conjugate roots is identical
with the roots of the equation

a’LC+ aRC+1 =0



The general solution of this problem is not easy. We look for special cases. If R1=R, =
0, their

LiL,
L| +L2

R=0 and L= . If Ly=Ly=0, then

L=0and R =R Ry [ (Ry+R2) “These are the quoted solution but they are misleading.

We shall give the solution for small Ri, Rz . Then we put @ = ~B*i@ when B 4o o]
g p
We gct{1-mzLIC-liﬁleC-ﬂf1C+imRIC’}
(1-0’L,C-2ipwl,C- BR,C+ iR, C) = 1

(we neglect B* & BR,, PR, ). Then

Li+ L
2 2 2 1 2
{I—LIJLI_C](].—LIJ LEC} 1 =w .LILZC
e . 2 1 . LyLy
This is identical with w ic if L L1+ Lz .
also (2BL,- R)(1- 0’LyC)4 (2BLy- Ry)(1- 0’Ly;C) = 0
RyL3+ R,L} RyL}+ R,L}

This gives p = -;—

= =K = .
L 2L, L,(L;+ L;) (L, + LzF

Q.117. A circuit consists of a capacitor with capacitance C and a coil of inductance
L connected in series, as well as a switch and a resistance equal to the critical value
for this circuit. With the switch

disconnected, the capacitor was charged to a voltage Vo, and at the momentt=0

the switch was closed. Find the current | in the circuit as a function of time t. What
IS | max equal to?

ANS.

a, 4 dg
o C+L¢+RI,I +d:

For the critical case R = 2 U é—‘

Thus LC § + 2VLC g+ g =0

Look for a solution with g o e’



a = - .
vLC

An independent solution is *€*"- Thus
2= (A+Br) e/ VIC
r=0g=CV; thus A = OV
t=0g=1=0

At
Also at

1 e
0=B-A—— =B =V,Y=
vic °T L

Thus filially

Y

1 (cvu+ vV % r]e"‘wﬁ

The current has been defined to increase the charge. Hence the minus sign.
The current is maximum when

This gives '~ YIC and the magnitude of the maximum current is

Vn\/f“
e} = 2V

Q.118. A coil with active resistance R and inductance L was connected at the
moment t = 0 to a source of voltage V = Vm cos ot. Find the current in the coil as a

function of time t.



Ans. The equation o f the circuit is (| is th e current)

L%t—f-r RIwm V_ cosmt

From the theory of differential equations
I - I_p"‘fc

Where IP is a particular integral and Ic is the complementary function (Solution of the
differential equation with the RHS =0 ). Now

Ic - Im e‘r”‘-

and for [p we write [, = [_cos (wr-g)
Substituting we get

Vi

VR L2

..10.”'.
f_- , @ = tan T

Vv
I, = - cos (we- @)+ Igge” "M

Thus R*s o’L?
Now in an inductive circuit |=0att=0

Because a current cannot change suddenly.

Vi
Ig = - —————cs
V2 Zy2
Thus R+ oL
And so
Ve —IRL
I-————[ms[mr- p)-cozqpe ]
R+ w'L?

Q.119. A circuit consisting of a capacitor with capacitance C and a resistance R
connected in series was connected at the moment t = 0 to a source of ac voltage V =
Vm cos ot. Find the current in the circuit as a function of time t.

Ans. Here the equation is (Q is charge on the capacitor)



d
S+R—E

el V. coswit

A solution subject to Q =0 at t = 0 is of the form (as in the previous problem)

Q = Qu[cos(wt- )~ cosGe "€

Substituting back

%m{mr- P)- oRQsin(wr- )
- V. COS W

= Va|cosPeos(wt- §) - sinFsin(wi- §)|

So

Qu = CV,cos§
wRQ, =V, sing

This leads to
14
Qul = c = ¥ 1an $ L mﬂl:'
V1i+ (woRCY
Hence
I di V. in (@t —} CD!:_E RO
- 2-sm.-:lul-t[:u+m“$4|!

2 1
R*+ (_mﬂ]
The solution given in the book satisfies [ = 0 at ¢ = 0. Then Q=0 att =0 but this

will not satisfy the equation at ¢+ = 0. Thus /= 0, { Equation will be satisfied with [ = 0
only if =0 at ¢ = 0)

With our J, I{:-ﬂ}-%

Q.120. A long one-layer solenoid tightly wound of wire with resistivity p has n
turns per unit length. The thickness of the wire insulation is negligible. The cross-
sectional radius of the solenoid is equal to a. Find the phase difference between
current and alternating voltage fed to the solenoid with frequency v.

Ans. The current lags behind the voltage by the phase angle



Now L = g n> ma®l, = length of the solenoid

R-Eﬁj’_*'i"_",zb=dmmmufmewh
bi 9
1
But 2bn =1 A b= —
2n
Then tan ! anmﬂzaz“vx e
7 p-2manl 4pnt
= tan~' b’ av

dpn

Q.121. A circuit consisting of a capacitor and an active resistance R = 110Q
connected in series is fed an alternating voltage with amplitude Vi, =110 V. In this
case the amplitude of steady-state current is equal to Im=0.50 A. Find the phase
difference between the current and the voltage fed.

AnNS.

HereV = V_cosw
I=f cos(wt+ )

Where
I Vm L
- {——1; ang = ORC
2
R+ [_HmC']
Now

.2 1 F:._

B+ oy (I.. ]
1 V. 2

wRC © ;ﬁ:) - 1

Thus the current is ahead of the voltage by

2
- 1 - .
¢ =un ! opp = un” [R—":;]_l-ﬁ“



Q.122. Fig. 4.32 illustrates the simplest ripple filter. A voltage V =V, (1. + cos ot)
is fed to the left input. Find: (a) the output voltage V' (t); (b) the magnitude of the
product RC at which the output amplitude of alternating voltage component is n =
7.0 times less than the direct voltage component, if o =314 s,

D_é_rq fy LA & LR
¥ L < 1
et v [ ] o]
o O o
(i) ()
Fig. 4.32. Fig. 4.33.

=

Ans.

[1d:
‘0

Here V =JIR- I

or Ri‘+%f-f"-—m?nsinmr

Ignoring transients, a solution has the form
I=Isin(we=- a)

i
wRI cos{(wi-a) + E“ sin(wei=- o) = — w Vg sinwe

= - oVy|sin{wt- a)cosa+ cos(wr- a)sina |
50 ng--VDﬂiﬂﬂ
Iy

=L o _V,eosa as=w+tan (wRC)

wC

I =Iysin(wt-tan™! @RC-n) = - Lsin{wr- an~' wRC)

]
I,
4] -Ifd: = Oy + a’cﬂs{mr-tan_l wRC)
Then 0



Voll+ coswr) = Réf+ Q

It satisfies ¢
if Vo(l+ coswr) = = RIgsin(we= tan 'wRC)
L, Tt -1
* C-l-mcmiml-mn wRC)
Thus Qu‘cvg

amd - = v, /Vis (0RCY

oC VooRC checks
Rl e ——e—
Vi+(wRC)
V,
Hence F'-E-VD+ —“—m[mr—a}
¢ Vi+ (oRC)

Vo v,

]---:
® 5 Vis+ (wRC)

of 'qz- 1=w’(RCY
or RC-qu-l,/m-ﬂms.

Q.123. Draw the approximate voltage vector diagrams in the electric circuits
shown in Fig. 4.33 a, b. The external voltage V is assumed to be alternating
harmonically with frequency o.

AnS.

VR__ Vg \Voltage




Q.124. A series circuit consisting of a capacitor with capacitance C =22 pF and a
coil with active resistance R =20Q and inductance L = 0.35 H is connected to a
source of alternating voltage with amplitude Vm =180 V and frequency o = 314 s,
Find:

(a) the current amplitude in the circuit;

(b) the phase difference between the current and the external voltage;

(c) the amplitudes of voltage across the capacitor and the coil.

Ans. (a)
I, = Ve w448 A
2 1
VR +[r.uL- mC]
1
wl - —
wC o
(b)mnq:l- 7 , ¢ u — 60

Current lags behind the voltage ¥ ®¥ ¥

Im
(c) Vrnﬁuﬂ*ﬁs kv

Vig = L,YR*+ 0’L? = 0-5kV

Q.125. A series circuit consisting of a capacitor with capacitance C, a resistance R,
and a coil with inductance L and negligible active resistance is connected to an
oscillator whose frequency can be varied without changing the voltage amplitude.
Find the frequency at which the voltage amplitude is maximum

(a) across the capacitor;

(b) across the coil.

Ans. (a)

v

1
V‘H-_
- wC 2
Vi, (o1- %)
w O
V_ vu]
V(eRCY+ (o®LC=-1)

V(e Y
[EL:- 1) + 4P 0/ 0f

g



Vim

\/[m_ﬂ_ . &] ag agt

g g wp W

] 2 2 1 R?
o . (1] i EB -LT —.IZL
This is maximum when

(b)
wlL
VL-IMF":L-VM 3
2 1
R+ mL-*-—-mCJ
V. L v L
- 1-
-\/ﬂz 1 1/_2 1 (2L _a 1
—+ |L- Li- =|2=_R
mz".( 2 ] mz[f—' ] w' C*
VL
- " :
‘\/ 1 CR® 2 1.2
[muc_[x_ ! ]] L _[,-, zcx]
This is maximum when
1 1 2
—— =L-=CR
w* C 2
Or
2 1 1
iy = -
Lc-Lc2p? _I_I_Hi_i
wp
) Wy

Q.126. An alternating voltage with frequency o = 314s™ and amplitude Vm = 180 V
Is fed to a series circuit consisting of a capacitor and a coil with active resistance R
=40Q and inductance L = 0.36 H. At what value of the capacitor's capacitance will
the voltage amplitude across the coil be maximum? What is this amplitude equal
to? What is the corresponding voltage amplitude across the condenser?

Ans.



V, = I, VR*+ 0*L?
VeV R4 L2

x/ﬂu(m;-m.l_]’

c

For a given o , L , R, this is maximum when

-I—-m.{. or C-*L-ES.ZFF.

For that €, V, = R““ -VVi+ (0L/R)Y = 0540 kV
1 V., V.ol
Vc'mc " R = 509 kV

At this C,

Q.127. A capacitor with capacitance C whose interelectrode space is filled up with
poorly conducting medium with active resistance R is connected to a source of
alternating voltage V = Vn cos ot. Find the time dependence of the steady-state
current flowing in lead wires. The resistance of the wires is to be neglected.

Ans.
o ¢ 0o I-1' l‘
.|+ p————
o 0 0O I ‘
0 Poor Condo |—
2 0 o I.Hr
00 © L AAAASA—

We use the complex voltage V = Vm ' Then the voltage across the capacitor is

(- "}fmc

And that across the resistance R | ' and both equal V . Thus

V. . .
I' = -ﬁi"- e I-1" =inCV, "

Hence



I= %{1+ inRC) e'™*
The actual voltage is obtained by taking the real part Then
I= % Vi+ (0RC) cos(wet+ g)

Where tang = wRC

Note — A condenser with poorly conducting material (dielectric of high resistance) be
the plates is equivalent to an ideal condenser with a high resistance joined in p between
its plates.

Q.128. An oscillating circuit consists of a capacitor of capacitance C and a solenoid
with inductance Li. The solenoid is inductively connected with a short-circuited
coil having an inductance L. and a negligible active resistance. Their mutual
inductance coefficient is equal to L. Find the natural frequency of the given
oscillating circuit.

AnS.
pdh, Jha oan
tart T —hu Ty,
dly dl,
L,— = —Ly,—t
2 dt 27

from the second equation
Lyl = =Ly 1y

Then

LEZ A _.I'l
Li=-—|f;+==20
[1 Li 1



Thus the current oscillates with frequency

Q.129. Find the quality factor of an oscillating circuit connected in series to a
source of alternating emf if at resonance the voltage across the capacitor is n times
that of the source.

Ans.

Given V = V_cosw 1t
I=J cos{wi-gp)}

LR ”_~
- oVo—

Where

v,

I, = _v’ -
2 1
R +(mL-m—c)

_ | I dt _Insin(wr-9)

v,
Then, © € wC

v,

_— e sin(w/- )
V(1- «’LCP+ (0RCY

As resonance the voltage amplitude across the capacitor

Vin v
- - C;z V“"NVM

L _'"2
So CR?



;;-’/L-1 -VH:-%

Now CR® 4

Q.130. An oscillating circuit consisting of a coil and a capacitor connected in series
is fed an alternating emf, with coil inductance being chosen to provide the
maximum current in the circuit. Find the quality factor of the system, provided an
n-fold increase of inductance results in an ii-fold decrease of the current in the
circuit.

Ans. For maximum current amplitude

V
L =— mdthmf_n-?'
Now
Lo Ve
| - 2
R2+ (n-1)
w2
So
;n—lf
n= + 2
(oRCY
n-1
wRC =
Va'-1




Electric Oscillations (Part - 3)

Q.131. A series circuit consisting of a capacitor and a coil with active resistance is
connected to a source of harmonic voltage whose frequency can be varied, keeping
the voltage amplitude constant. At frequencies ®, and m, the current amplitudes
are n times less than the resonance amplitude. Find:

(a) the resonance frequency;

(b) the quality factor of the circuit.

Ans. At resonance

wgl = (0C)~' or wy = e

d I Ve
an [-}M-R'
Nuw -EIE-- v‘ -v V.
n 9 2
2 1 2 . |
v.ﬂ +[m1L-u}-l_C'] R *(WEL ﬂhc]
Then mlL-L-‘Jn!vlﬂ
ll.IlC
wyl - 1 =+Val-1R (assuming o, > w, )
wy O
or m—ﬁn-u&+ﬁ-- n-]’.E
17wy (i L
wg
or W+ My = (0 + oy) = oy =V ou
o)y g
and wy— oy =V - %
B R o |
2L V-1
And

o- Vi 1 _Vr-Dew 1
apt 4 (- wy ) 4



Q.132. Demonstrate that at low damping the quality factor Q of a circuit
maintaining forced oscillations is approximately equal to ®o/A ®, where @, is the
natural oscillation frequency, Ao is the width of the resonance curve I (0) at the

"height" which is ¥ 2 times less than the resonance current amplitude.

Ans.
o D :
Q= 28 "2 for low damping.
I RI,
Now —— = ,
R4+ (mL- ~—~]
wC .
- Im= current amplitude at resouance.
Z
or w - %—- + % -+ 2B
Thus o e oy = f
Do
So Aw = 2p and @ = -

Q.133. A circuit consisting of a capacitor and a coil connected in series is fed two
alternating voltages of equal amplitudes but different frequencies. The frequency
of one voltage is equal to the natural oscillation frequency (o) of the circuit, the
frequency of the other voltage is n times higher. Find the ratio of the current
amplitudes (lo/l) generated by the two voltages if the quality factor of the system is
equal to Q. Calculate this ratio for Q = 10 and 100, if n =1.10.

Ans. At resonance

W o= Gy
vﬂ
Iy (wo) = 2=
Vin
Then fn(nmnl-\/ =
1
R*+ L-——
[nm., w-:]
V, _ Vm

Oy b=

x/m(q-_;_])* v]+[g=+g](n-l)



Q.134. It takes t, hours for a direct current lo to charge a storage battery. How
long will it take to charge such a battery from the mains using a half-wave
rectifier, if the effective current value is also equal to lo?

Ans. The a.c. current must be

I=1I V2 sinws

Then D.C. component of the rectified current is
1 T2
<f'> = T { IpV'2 sinwrdt
e
- !ﬂﬁzn{smﬂdﬂ

Lv2

T

Since the charge deposited must be the same

Igﬁr T'I:In

or = —=—
V2

Ity =

The answer is incorrect.

Q.135. Find the effective value of current if its mean value is lo and its time
dependence is
(a) shown in Fig. 4.34;

(b) I ~ |sin wt |.

I(r=T) = I(r)

Now mean current



T
1 ' T2
cf:-?_!fl?dt-fl?{"-ﬁﬂ

Then fi = 21, since <I > = .

Now mean square current

<r?s

T
2 2
L2, 4B
- p [ ma=3
1}

24
So effective current V3
(b) In this case J = [, |sinwt]|

T
and J’u-%fflhinmtldr
1]

- ——Ilf |sin@|d0 = —famﬂdﬂ - ﬂ

:rl.’.,
I =—
So 2
T
-<f?s fﬂll]. o ¢ et
Then, mean square current 0
ix
I
2 N AP ﬁ
4 2xn
0
L]
Ve’

So effective current

Q.136. A solenoid with inductance L = 7 mH and active resistance R = 44Q is first
connected to a source of direct voltage Vo, and then to a source of sinusoidal
voltage with effective value V = Vo. At what frequency of the oscillator will the
power consumed by the solenoid be n = 5.0 times less than in the former case?

Ans.



Py = . -
Y VRYr 'L YR+ o'L? (o[l o
R
wl N
—= = Vy-1
Thus X
w = E V-1
Or
R
Vo= Vn-1 = 2 kH of on putting the values.

inl

Q.137. A coil with inductive resistance X, = 30Q and impedance Z = 50Q is
connected to the mains with effective voltage value V = 100 V. Find the phase
difference between the current and the voltage, as well as the heat power
generated in the coill.

Ans.
Z =VR*+X} or Ry =V 2-x?
X,
The tan 0 = ———
vz? _x}
vz _x? X\
So cm¢-—z-£- 1- [E]

The current lags by ¢ behind the voltage.

X .2
p=cos' V [f"] - 37,

2

14
P=VI Enstp-—z‘\"'z?' - X} = .160 kW.

also &

Q.138. A coil with inductance L =- 0.70 H and active resistance r = 20Q is
connected in series with an inductance-free resistance R. An alternating voltage
with effective value V = 220 V and frequency w = 314 s i s applied across the

terminals of this circuit. At what value of the resistance R will the maximum heat

power be generated in the circuit? What is it equal to?

Ans.



) VI(R+ )
(R+ r)+ w'L*

This is maximum when R + r = oL for

. V2 ) V2
-UJLE 2
R+r+{R+3 '\'l.R*T"rrOR]i + 2wl
+ F

V:
mx = ol

Thus R = oL - r for maximum power and

Substituting the values, we get R = 2002 and Pry, = 114 kW.

Q.139. A circuit consisting of a capacitor and a coil in series is connected to the
mains. Varying the capacitance of the capacitor, the heat power generated in the
coil was increased n = 1.7 times. How much (in per cent) was the value of cos 11)
changed in the process?

Ans.
V2R

P=
R+ (X, - X,V

Varying the capacitor does not change R so if P increases n times

Z = V’Rz+ (X; - .‘!j;-)2 must decreases V n times
Thus
R . "(— .
cos@ = = increases V n times
% increase in cos @ = (ﬁ- l}x 100 % = 30.4%.

Q.140. A source of sinusoidal emf with constant voltage is connected in series with
an oscillating circuit with quality factor Q = 100. At a certain frequency of the
external voltage the heat power generated in the circuit reaches the maximum
value. How much (in per cent) should this frequency be shifted to decrease the
power generated n = 2.0 times?



Ans.
2
P = : V*R
R+ (X, = Xc )

At resonance X; = X. = @y =

1
vLc

Power generated will decrease n times when

2

(X, - XoF = [mL- ﬁ-] - (n-1)R?

) . .
or m-%-:fu-l%-:w"n—lEﬂ.
Thus szZ'-"n-lglm-

(m?\"n- lﬁ)z-mﬁ+{n- 1)p*
or mﬂﬂ-fl +(n-1)pYwt £ Vn-1 pru,

w

(Taking only the positive sign in the first term to ensure positive value for“T“)
Now

w 1
o 5-1V () -
%— Vi+ 402
Thus
-‘”--\/n—:fw [Visag?
g (1+40%)
For large Q

x 100 % = 0.5%

W= g _"f_em-l N Ven-1
| 0 20

Q.141. A series circuit consisting of an inductance-free resistance R = 0.16 kQ and
a coil with active resistance is connected to the mains with effective voltage V = 220



V, Find the heat power generated in the coil if the effective voltage values across
the resistance R and the coil are equal to V1 = 80 V and V2 = 180 V respectively.

Ans. We have
v, - VR v, - v VR + X7
V(R+R )+ X} V(R+ R \V+ X?
2 2
VR VaR
50 {R+RI}1+XL1-(?1], Hfhﬁ:-[—;l—]
2
Hence R?+ 2RR, = % (V- v3)
1
R 2 2 2
or Rl-'___(V_VZ-Vl}
2V}
V2R, v vi? R?

(vi- V- )

__XR].-

) = T 2 ™ o2 o1 " 2
Heat generated in the coil (Fat Rl + X R R® 2%

2 2 2
Y oWV ow
2R

Q.142. A coil and an inductance-free resistance R = 25Q are connected in parallel
to the ac mains. Find the heat power generated in the coil provided a current | =
0.90 A is drawn from the mains. The coil and the resistance R carry currents I; =
0.50 A and I ==0.60 A respectively.

Ans. Here

- . V= .
h=x Effective voltage

L4

2 2
and I VV(R+ R )P+ X LV

RVR2+ X2 Ry

I, =




1 LiR
I’ 1

b1

R,y is the impedance of the coil & the resistance in parallel.

2
-1} R+ 2RR, (I . 2RR,
B R+ X7 L]  R*+ X7
I*-I}-1? 2RR,
fzz R+ X/

Now mean power consumed in the coil

2 2 2 2
R I“-In-1
= I*R, = L=} R %-%R{F—IE-IE]-H W,
1+XL 2.{2

Q.143. An alternating current of frequency o = 314 s ! is fed to a circuit consisting
of a capacitor of capacitance C = 73 nF and an active resistance R = 100Q
connected in parallel. Find the impedance of the circuit.

AnNSs.
1 l+ 1 l+im{:’ 1+ imRC
Z R 1 R R
twC
Z -k g
Vis (wRCY

Q.144. Draw the approximate vector diagrams of currents in the circuits shown in
Fig. 4.35. The voltage applied across the points A and B is assumed to be
sinusoidal; the parameters of each circuit are so chosen that the total current

lo lags in phase behind the external voltage by an angle ¢.



L

£ Y]
| |8 & g A f
M J—d G LIE {5—1- L
o~ |_..".?|
(a) (&} fo)

Fig. 4.35.

Ans. (a) For the resistance, the voltage and the current are in phase. For the coil the
voltage is ahead of the current by less than 90°. The current is obtained by addition
because the elements are in parallel

I > axis of r\
¥ %

Voltage

Io

I A Io

I
@ ® LT

(b) Ic is ahead of the voltage by 90°.

(c) The coil has no resistance so Ih is 90° behind the voltage.

A Ic‘
Ir

. |
Y

To
YI, ©

Q.145. A capacitor with capacitance C = 1.0 pF and a coil with active resistance R
=0.10Q2 and inductance L. = 1.0 mH are connected in parallel to a source of
sinusoidal voltage V = 31 V. Find:

(a) the frequency o at which the resonance sets in;

(b) the effective value of the fed current in resonance, as well as the corresponding
currents flowing through the coil and through the capacitor.

Ans. When the coil and the condenser are in parallel, the equation is



dr I dt
L=t HJ’,-IS -V, coswr I

I=5L+1 & LR ‘E’ 'quz
Using c::u;rm;nlrjm:1 :'u]ﬂgcs V=Vm curré’nr :_J:

- alE ' imi Q@

.1'1 m,fi- IWC’V,,E
and

I S P R-iwl+iwC(R*+ w'L?) V. elet

R+ iwl - Rl w?L? m €

v,

. I= ——"— cos(wr- @)
Thus, taking real parts 12 (o) "

1 _[R'+ {wC(R*+ o’L?)- wL}?)
Where-l_z ‘.m}l [R2+M1L2}1/2

wl - fuC[.sz mzLI]
R

And ane =

(a) To get the frequency of resonance we must define what we mean by resonance. One
definition requires the extremum (maximum or minimum) of current amplitude. The
other definition requires rapid change of phase with ¢ passing through zero at
resonance. For the series circuit.

2 1
Both definitions give ® T LC atresonance. In the present case the two definitions
do not agree (except when R = 0 ). The definition that has been adopted in the answer
given in the book is the vanishing of phase. This requires

C(R*+ w’L?) = L

of @ m e T = 0k, ©, = 316 x 10° radss.

. - — -;E o + = as w
Note that for small R , ¢ rapidly changes from 2 passes through



W, from < w,, 0 > 0w, .

(b) At resonance

V.R

CR
=1c =V

I

Vﬂ-llmﬂ.

So | = effective value of total current =~ L

vV E—: - 0.98 A.
Similarly

2 ~2
e=ocv=-vVE RS Loosa
L

v
I = -
Lo N¥L/C

L

Note:- The vanishing of phase (its passing through zero) is considered a more basic
definition of resonance.

Q.146. A capacitor with capacitance C and a coil with active resistance R and
inductance L are connected in parallel to a source of sinusoidal voltage of
frequency . Find the phase difference between the current fed to the circuit and
the source voltage.

Ans. We use the method of complex voltage

Ve Vﬂeiu:
vnel'ul'

1
1w C

I Vueiur
LE™ piiwl

Then I = =iwC Vye'®

R-iowL+iaC(R*+w’L?) pist

f".-rf'l' le=Vn
v Hi+mﬂ.L1



Then taking the real part

! Vﬂfﬁ’»«{mC{RHm’L*]_mL}z

cos{wi-q)
RZ+mIL2

wl-wC(RI+w?l?)
ang = R
Where

Q.147. A circuit consists of a capacitor with capacitance C and a coil with active
resistance R and inductance L connected in parallel. Find the impedance of the
circuit at frequency o of alternating voltage.

Ans. From the previous problem

Rj+m2L2

Z

‘\/RH o€ (R?*+ w?L?)- mL}i

R+ miL 2

'\/(ﬂ% w3 L) (1-20’LC)+ w C3(R*+ w?L?)?

\n"Hi+ miLi

\/{1- 20 LC)+ w'C*(R*+ w?L?)

B "l.n'Ri-b m‘Li
V(1-w’LC)?+ (vRC)?

Q.148. A ring of thin wire with active resistance R and inductance L rotates with
constant angular velocity o in the external uniform magnetic field perpendicular
to the rotation axis. In the process, the flux of magnetic induction of external field
across the ring varies with time as ©. = Pa ¢ 9% pemonstrate that
(a) the inductive current in the ring varies with time as | =

= Ip, sin (ot — ¢), where [, = 0@/} R* + o’L* with tan ¢ =

= {HL."R,
(b) The mean mechanical power developed by external forces to maintain rotation

is defined by the formula
= e OIRIR + 4 yepy),

Ans. (a) We have



£ = — ‘;—?—: i Py sin oo £ - Li+RI

Put I=] sin{wf-g). Then
wPgsinwe = @Dyisin(we- @leosg+ cos(wi-p)sing)

=Lf wcos{wi=qg)+ Risin(wr-gq)

(b) Mean mechanical power required to maintain rotation = energy loss per unit time

S0 RI, = w®ycosg and LI, = Pysing

w P
or 1, = o and lang = %

VR +w?iL?

1 mztIluER
- 2R+ w1’

Q.149. A wooden core (Fig. 4.36) supports two coils: coil 1 with inductance L1 a nd
short-circuited coil 2 with active resistance R and inductance L. The mutual
inductance of the coils depends on

z
! z

- )
lac

Fig. 4.36,
The distance x between them according to the law L1z (x). Find the mean (averaged
over time) value of the interaction force between the coils when coil 1 carries an
alternating current fr = o cos ot.

Ans. We consider the force f12 that a circuit 1 exerts on another closed circuit 2 :-

— — —
Fll -ﬁ "Id{'lx E!'l

Here 51z = magnetic field at the site of the current element % due to the current

I1 flowing in 1.

Ho ILdlx Fl"2
4 ’?2

— _ —h- —h= df_’ —=
Where ™2 = 2= "1 = yector, from current element ©™* to the current element 4%



Now

:Hz x{di,x rlzj p.ﬂ cifll.’_d'fl rlz}a— {d‘f, ‘““]fu
Fu""_ff I 1, r; ff flz ]
12 Fiz

In the first term, we carry out the |n1c;_,ralmn over df first. Then

diy (dly - ) aj,‘
—_— . dl
f,f "2 J 4

dh - r J‘ -"ﬁ = 1
== | dl dls - Vs — = ()
rz{; ' % z"n

because fdig-vzi-fdij cul [vl)ﬂ}
Fiz
“"‘lz
Thus Fp=-+ ([t ai-ai] 2

"1

il

The integral involved will depend on the vector @ that defines the separation of the
(suitably chosen )centre of the coils. Let C1and C: be the centres of the two coil
suitably defined.

Write

—- —+ s  —k —

—
Fg=Fh=-n =pk=-p+a

where ) (p3) is the distance of 1, (d ) from C, (C,) and @’stands for the vector C; C;

ri2 1
Then T-u?;*-m

dh-di
Ilfgq-—-ff 1 "]

The bracket defines the mutual inductance Li.. Thus noting the definition of x
{F > = %‘E dl fz

and F.I - 'F

Where < > denotes time average. Now

I; = Iycoswt = Real part of I e'®’

dl
) _ .. RL+Ly—==-Ly,—
The current in the coil 2 satisfies =~ 2 de
-iwl ,
I = E“’;";E;ﬂ-wl _
Or B (in the complex case)

Taking the real part



HJLEID
fi = = ————— (wil;cosw!-K sinwi )
? R4 m:l'.[.g ?

w Ly
= - —“Iﬂms{fﬂﬂqﬂ

VR + msz

R
©La Taking time average, we get

[
Where tan

ﬂlef ﬂllelrﬂ . l mszlefé BLLE

<F, > = COSqQp =
dx “-,.-"Rz_'_mzL% 2 B¢ g(ﬁhmﬂ;g) dx

The repulsive nature of the force is also consistent with Lenz’s law, assuming, of
comes, that Li>decreases with X.
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