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4.2 ELECTRIC OSCILLATIONS

4.94

4.95

If the electron (charge of each electron = — ¢ ) are shifted by a sinau distance x, a net + ve
charge density (per unit area) is induced on the surface. This will result in an electric field

E = nex/e;in the direction of x and a restoring force on an electron of
2

nex
€o !
2
. nex
Thus mx = —
o
. né
or X+—x=1(
meO
ne’ 16 -1
This gives W, = —— = 1645 x 107 s
2 meg

as the plasma frequency for the problem.

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

c dt
. dq ,
where g = change on the capacitor, / = 7 current through the coil. Then

& 2 2 1
;;%+qu =0, = Ic
The solution fo this equation is
q = gueos(wgt+a)

From the problem V, = EL . Then

C
I'=~-wyCV,sin(wgt+a)
and Ve=V,cos(wyt-a)
P 2
vZs =,
mg c? "
» LF 2
or V + T = VH! .
By energy conservation —;—L F+ 5(15 = constant
When the PD. across the capacitor takes its maximum value V,, the current J must be zero.
Thus "constant” = —;-C Vﬁ,
LP 2 2 .
Hence ——+ V* = V2 once again.

C
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496 After the switch was closed, the circuit satisfies

ar _gq
'Ldz " C

or %i—g+m§q-0=>q-CV,,coswot
where we have used the fact that when the switch 8 closed we must have

V-%-V,,I-%—t‘i-oan-o.

Thus (a) I-%‘q-r'-C'V,mosinmor
= -V, %sinmot

The electrical energy of the capacitor is -qz— acoszmot and of the inductor is
2C

%L P osin? wy ¢
The two are equal when

wtit'
0" " 4

At that instant the emf of the self-inductance is
di
-L}— - V,cosmpt =V, /V2

4.97 In the oscillating circuit, let
g = guoosws

be the change on the condenser where

@’ - A and C is the instantaneous capacity of the condenser (S = area of plates)

LC
S
C= £o°
y
y = distance between the plates. Since the oscillation frequency increases m fold, the quantity
2 Y _
i €p SL

changes )’ fold and so does y i.e. changes from y, initially to W y, finally. Now the P.D.
across the condenser is

and hence the electric field between the plates is

E = -eTj-coswt



4.98

Thus, the charge on the plate being g, cos w £, the force on the plate is

e L P
F eoscos ot

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

T

F- 2¢S
and work done is A= F('lz)’O")’n) - (,'z_l)tﬁ.yu
2805
But Do | Gn W the initial stored energy. Thus-
2¢0S ~ 2C, -

A= (nz-l)W.

The equations of the L - C circuit are

C,V-{rdt C,V-|ILdt
2 A Yt fhd cv-Jh

dt Cy G,

Differcntisting again =~ L(fy+L) = - —1I, = - —1,
¢ %)
Then heg el b= gl
J = 114']2
S0 L(C1+Cz)I+I =0
or I = [hsin(wgt+a) I
A A
where g = 1 (Parta) I Sw Iz
L{c+C) G Itl, =0,

(Hence T = 2= = 0.7 ms)
g

At r=0,/=0soa=0
I=Iysinwgt
The peak value of the current is J; and it is related to the voltage V by the first equation
LI=V- [1d/{C,+C;)

R
1 .
or +L wglycos wgt = V- T {Iosmmordr
(The P.D. across the inductance is Vat t = 0)
I
= V+ 1 --Q-(cosmor -1)

C1+C2 1))

-\/C C
Hence Io = (C1+C )V = V 1172 = 805 A.

L
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499 Initially ¢, = CV, and g, = 0. After the switch is closed change flows and we get

q1+q =CVy
q1 di 492
ctta-c-? 1
Also [ = é]_ = -éz. Thus I
LT+ ol 0 q
I+l 2 2 +1 +
Hence [ +wpl =0 oy o’ C C:J: qZ
The soloution of this equation subject to 'q, -q 2
I=0att=0 Sw
7

is I=1Iysinmgt.

y/
Integrating g, =A -m—" cos wp ¢
(1]

I,
q = B+Kf coS Wy ¢

Finally substituting in (1)

A-B 21
c -mocoosonLIowocosmot-U
CcV,
Thus A=Ba= 3 and
CV,
__°.+._I.9__0
2 Wy
CV
50 q1-—2—°(1+cosmot)

(o 7
g, = T(l-coswor)

4100 The flux in the coil is
D(r) = {411 t <0

0 t>0
4
f1a
. : di o
The equation of the current is ~-L—= = 1)
dt C
2
This mean that LCé—g +1 =0
dt
or with co%-—-l—- I =Iysin(wgr+ )

LC
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I
Putting in (1) -Llymgcos(wpt+a) = ~ -(B—Q-C— fcos(wgt+a)— cosa]
0
This implies cosa. = 0 .. I = = J;cos wgt . From Faraday’s law
o _de __ dI
dt dt

or integrating from f = — € to - € where ¢ —» 0
® = L1, with + sign in [

D
S0, Iafcoswot.

4101 GivenV =V, e P coswt

(a) The phrase ‘peak values’ is not clear. The answer is obtained on taking {cos wt| = 1

. nin
L.C t = —,
y

(b) For extrema %:K =0

-Pcoswr- wsinwz =0
or tanw ! = - B/w

i.e. wf=nx+ tan~ ! (-——E)

w

4.102 The equation of the circuit is

2
1L, g42 ., 2 .
dt dt C

where Q = charge on the capacitor,

This has the solution Q =0, e P! sin{wt+ a)

where B=-2£Z,m=\’m%—|32,mg=i%.

Now I-d—g--o att =0
dt

50, 0, e P (- PBsin(wr+ a)+wcos(wt+ a)) =0 at ¢t =0
. -1 W

Thus wcosa = Bsina or o = tan E‘

Now V,,,,=%2 and V0=P.D.atr=0-——%—"1sina

w o

2
Vl—ﬁz/u)ﬁ= 1—RC

S
I
&,
=
]
]
n
)
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4103 We write
—%?—-I-I, e 8 sinwe
=gml, e "' (gm means imaginary part)
Then
-Br+ it
€
Q =gml -B+io
-Bt+ém?

C=eml g 50

-Bit+iat

I (p+lm)e2
f.'o-l-(o

- gm

Bsinwt+ o coswt

2

=] e Pt
m ﬁz-r(n

-pr sin(wz+ d) Cund =2,
“f ﬁ2+ mz

p
{ An arbitrary constant of integration has been put equal to zero.)

Thus
2. VL by
c ¢ © sin(wz+ §)

V(O)-I,,,V% sinb-[,\/% %—;
o +

=1, e

I; L 2,2
C(l+ B/0°)
414 1 =] e P sinwt
bl 2
P ""” LC ‘
I=-qg,qm= chargeonthecapacltor
Then g=1, e PrSRL@I+D) 5.9
v ol+ ﬁz p

Thus W“-%LLE e 2 sin ot

I,s e B! sm ((un- 6) LI»% e~ 2B¢

. 2
d
3C " +B 5 sin“ (we+ d)

WE-
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Current is maximum when %e‘ B! sinat = 0

Thus - fsinwt+ mcoswt =0

or tan wt-%-tan&

i.e. wtwnrx+ b
W . 2 - 2

and hence M s;n (1) su;& - 12
We sin(wi+ d) sin°28  4cos®d

1 wg 1 L* L

- - - b = = 5
ap¥/wy ap® LC R* CR
(W) is the magnetic energy of the inductance coil and Wy is the electric energy of 8

capacitor.)
4.108 Clearly
L'L1+L2,R'R1+R2
n T
4.106Q=BT or ﬁ-b_T
Now Bt =Inm sor-!tf-lQT
v
4.107 Current decreases ¢ fold in time
1 2L 2L I
t-ﬂ " R sec -Rrosclllatlons
. 2L o
R 2=
2 4
= L v 1 _ R = 1 V 4L - 1 = 159 oscillations

xR LC 41%* 2= Rc

4.1039-3%--2"’—3
m-2ﬂQ,ﬂ--£%.
Now @y = © 1+422 or W=
V1+ 1

ag’

SO0

X100 % = —=x100% = 0.5%
8Q



4.109

4110 O =

‘I‘T = C

At ¢ = 0 current through the coil =

€

R+r
€

R+r

P.D. across the condenser =

(a) At¢ = 0, energy stored = W,
2 2 L 2
li( ) sl 2R Sl LrCRD) 0
2 2 (R+r)

tR/2

(b) The current and the change stored decrease as e ~**2% so energy decreases as e L

S W= Wy e % 2 0,10 ml.

n_Av_ @ _Vw%-ﬁz
BT B 28 2p
®o v 2 ®g
or F'- 1+4Q or ﬁ-\/-_l_—_.;.——Q;-

Now W=W, e 2B

Thus energy decreases 1 times in l;—f:l sec.

22
Vi+ 4Q -msec

.= 1.0 ,
o T 1.033 ms

= In %)

4.111 In a leaky condenser

dq =J-J' where ' = L4 = Jeak current

dt R
4.4 __,;d(d ¥
Now Veo=-Lty Ldt(dr+R
d’q L dg
--L -
dtz RC dt
..o 1dQ 1
. 9*rRcdt *1c?™?

Then g=que Fsin(wt+ a)
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4.112

4.113

4.114

4.115

1 2 1 . 2_a2
(ﬂ) ﬁ 2Rci LC! w wo B
,_\/1 1
LC 4Rr*c?
1 1
®) 2 -Rc\/LC TR
1 4032_1
2 L

GivenV = Ve P sinwt, o m g BT <<1
Energy loss per cycle

Power loss = T
1 2
-ECV“XZﬁ
(energy decreases as Woe"”‘solosspercyclcis Wox 28T)
1.p2, R
Thus P>=35CVx7
2«<P> L
or R = Vz c

Hence Q== = 100 on putting the vales.

Energy is lost across the resistance and the mean power lass is
<P> = R<l?> = %R I? = 0.2 mW.

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

RCV}?
<P> = u"‘ as in (4.112). We get <P> = 5 mW.
Giveng = ¢, + ¢, .7.'4 htIp
L =~-q,, b= -q -
Ll =RIL = %. R —

Thus CL g1+ (g1 + q;) = 0

RC g+ Q1+ q =0

Putting ¢, = Ae'®' g, = Be*'®'
(1- ®’LCYA+B =0
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A+(l+iwRC)B =10
A solution exists only if

(1- 0’LC)(1+ i0RC) =1

or ioRC- @*LC-iw’LRC? =0
or LRC*w?-iwlC-RC =0
2 L1
m-meC IC 0
VL L
2RC 4R C? 0
Thus g = (Aycos wyt+A;sin mot)e‘ﬂ'ctc.

wy is the oscillation frequency. Oscillations are possible only if (o% >0

ie 1 ¢

L. AR2<L"

We have I I

Ll Il'l" RIII —L2 12+ Rzlz { - > ]
fldr AI

Ry,L1 (== R, L
I=1+1 g %2

Then differentiating we have the equations
L,C Il+ R1C11 + (h+L)=0
LzC Ig'l‘ RzCIz + (Il+ 12) = 0

Look for a solution

L =A e* I, = A, e*'
Then (1+ 0> L,C+ aR{C)A;+ Ay, =0
Ay + (1+d®*L,C+ aR,C)A, =0
This set of simultaneous equations has a nontrivial solution only if
(1+ a’L,C+ aR C)(1+ a’L,C+ aR,C) =1
or SER Lle+L2R1+qL1+ Ly+ R1R20+R1+R2 .
L, L, L, L,C L,L,C

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

o0*LC+ aRC+1 =0
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4,117

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

LiLy
L1 +L2

Ru( and L = . If Ly =L,=0, then

L=0and R =R R, / (Ry + R,;) .These are the quoted solution but they are misleading.

We shall give the solution for small R, ,R, . Then we put @ = - § + i ® when f is small

We get(1-mlec-ziﬁlec-fs,llcumnlm

(1-0?L,C- 2iBwl,C- ﬂf2C+ ioR,C) = 1

(we neglect B° & BR,, PR, ). Then

L1+L2
(1- 0’L,C)(1-0°L,C) =1 = o =
! 2 L,L,C
e : 2 1 . L, L,
This is identical with © ic if L L+ L,
also (2BL;~- R) (1~ @ LyC)+ (2BLy- Ry)(1- 0?L,C) = 0O
RL}+ R,L} R\L}+ RyL}
ThisgivcsB=R= 122 % o = R = 122 ¥ 221.
2L 2L;L,(L;+ L) (Ly+ Ly)
4,41 - . %4
o= S+L_-+RI,I=+— ﬁ L QL
Q00 —800—
1/L i
For the critical case R = 2 Pl
.. . Sw
Thus LC g + 2YLC g+ q =20 /c
Look for a solution with g o« e®’
1
N ——
YLC
An independent solution is te®’ . Thus
q=(A+Bt)e"/"L ,
At t=0g=CV, thus A = CV,

Also at t=0g=I=0

1 =>B=Vg~£

0 =B-A—
vic L



Thus finally I-%-Vovge"lm

-TIC(CVO+ wV ) +/¥Ee

V, VI
_ -9 ! e-t/ Le

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

Ve
LYo 1 o) o

This gives + = VLC and the magnitude of the maximum current is

4118 The equation of the circuit is ( I is the current)
di

LE-+ RI=V, coswt
From the theory of differential equations
I - IP+IC

where Ip i8 a particular integral and [, is the complementary function (Solution of the
differential equation with the RHS = 0 ). Now

Ic = Iog e”***
and for Ip we write Ip = I, _cos(wt-o)
Substituting we get

V . ¥
Iy = = , @ = tan" 122

VR?+ o?L? R
Vn
Thus Iy = cos(wt- @)+ Igpe
R%*+ o*L2
Now in an inductive circuit / = 0 at s = 0
because a current cannot change suddenly.

~ tR/L

Vm
Thus Ieg = - Cos @

\/R2+ oL

and so
Vi

[ =
VR?+ 02L2

[cos(mt- ®)- cosq::e"m]



4.119 Here the equation is (Q is charge on the capacitor)

4.120

Q. r42
C+R & V,, cos®¢

A solution subject to Q = 0 at ¢t = 0 is of the form (as in the previous problem)
Q = On[cos(wt-F)- cosGe "]
Substituting back

O

a cos(wt-P)- oRQ, sin(wr- @)

=V, cosmt
= Vu{cosPcos(wt- §) - sinPsin(wt- )]

$0 Om = CVpco8 @
owRQ, = V,sing
This leads to
Om = €V ,tan ¢ = @RC
Vis ((:)RC.')2
Hence

Ve - 2

I-%%- [-sin(mt-m)+%?e"mc
\/ ) 1 2 4

R+ (;‘)‘a‘)

The solution given in the book satisfies / = 0 at £ = 0. Then @ = 0 at z = 0 but this
will not satisfy the equation at ¢ = 0. Thus 7= 0, ( Equation will be satisfied with f = O
only if = 0 at t = 0)

Vi

With our 7, I(tm0) = R

The current lags behind the voltage by the phase angle

-1 WL
= ta —
¢ =tan"" 5
Now L = pg n° na’l, = length of the solenoid
R = p.znb‘;-i.l,%=diameter of the wire
n
But 2bn =1 b--—l-
2rn
2 2
_ 1 Wnlma®-2nv 1
Then ¢ = tan Camani xu4n2

-1 p.o:rtzav

= fan dpn
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4.122

87

HereV = V cosw ¢
I =I,cos(wt+ @)

Vi 1
where I,,,-v ; > ,tancp-mRC
2
R +(—-——mc)
1 V,\
Now .Rz.',______!.- o
(OJC) [Im)

e VI

(ﬂRC- RI

Thus the current is ahead of the voltage by

2
cp-tan'l-—i:-z;-tan“lv _Y_',':_ -1 = 60°
@ RI,

] C ; o— R SO ——
or RI+—1-I-V = - @V,sinw?
C C vf
Ignoring transients, a solution has the form
I=Lsin(or- a) o D —— —

I,
oRIycos(wt-a) + Eo sin(wf-a) =« 0wV sinwz

= - oVy{sin(wr- a)cosa+ cos(wt- a)sino)

S0 RIy = - Vysino

I ~1
mC--Vocosa a=nx+tan (0RC)
Vo

Io=v, 5
) 1
R +(-——-—mc)

I =Isin(ot- tan~! ®RC-%) = - Iysin{wt- tan~' wRC)

4
I
Then Q-fldrsQo+ ;ocos(mt-tan'leC)
0

It satisfies Vo(l+ cosm:)-;ﬂ%?-...%



if Vo(1+ coswr) = - RIpsin(wr- tan 'R C)
@ b

+ o Rcos((ot— tan” o;RC)

Thus Qo=CV

-

and "m—C- Vo/VI-I-(o)RC)
VowRC L checks

RI, =
V1+(0RC)

‘ 7
Hence V’-%-V0+ 2 cos(wet-a)
\/1+ (mRC)2

Vo Vo
M V14 (wRCP

2 2 2
or N-1=w(RC)

or RC-V‘nz-l/m-Zst.

4.123

VR VR Voltqge Vr VR

_—E— —

4 cyrrent
=3 —

, VoltageV

@) ®)

() tanqa-—-—ﬁ-(-o—g---ve

as 0w <o

4124 (a) I, =

(b) tangp = — xR 9" 60°
Current lags behind the voltage V by ¢



Iy
© Ve =2 = 0-65 kV

oC
V,g=LVR*+ 0*L? = 0-:5kV
Vi
U5 @) ve - o7 =
'\/R2+ (wL- -—1—)
wC
V. m

Wp
Vi
2
2 2 2 4
V(1 28], 2 s
Wo Wy g W
This is maximum when 0 = - 2[3’-2 - L- R*
ol
(b) Vp=lL,oL =V, >
2 1
R+ wL—-——mC)
VL V,L
2_- T
V & 1 V. L(2L_pa), _1
—5+|L- L—- =S| —=—-R"|+
> ( ’ ] mz(c ) o' C?
V.L
V(i CR’ 2 1.2
(w.zc-(L- > ]) L -(L- 2CR )
This is maximum when
1 1 2
-—T——-L-——-CR
W
2 1 1
Lc--z-cznz _15-2_9_
Wo mﬁ
g w?
- or @ =
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4126 v 1 VRZy wPL?
Vm‘/Rz'l' (J)zL:2

\/Ru(w;-.z..]z

ol
for a given w, L , R, this is maximum when
1 1
mc-mL or C-sz = 282 uF.
For that C, V, = R”” = VV1+ (0L/R) = 0540 kV
, 1 VvV, V,oL
At this C VC'mCR- R = 509 kV
4127
0 C oo I-7’
-..-) p——
O 0 0 0 I
0 Poor Condo | =
O O 0 o /
o I |
o0 © — A VAN
We use the complex voltage V = V,, e'*’. Then the voltage across the capacitor is
by 1
I-I'):3c
and that across the resistance RJ' and both equal V', Thus

V. . ,
I'= % et I-1' =iaCV, '

Hence
Vm . 1Y,
I= 3 (1+ ioRC) e

The actual voltage is obtained by taking the real part. Then

Y,
I= -R;"-'-\/1+ (0RC) cos(wt+ Q)

Where tangp = wRC

Note — A condenser with pootly conducting material (diclectric of high resistance) be
the plates is equvalent to an an ideal condenser with a high resistance joined in p

between its plates.



4.128

4.129

4130

L 4h Jhd oan .
gyt o TRy
di, dl
Ly— =-L,— ——
> de 2 dr ¢
from the second equation
Lyl = -Ly 1)
L) .. L
Then ng-E11+E-O
Thus the current oscillates with frequency
1
© = v .
Ly
CiLi-—
( 1 Lz}
Given V = V, cos ¢ ‘ _w,_'
I=1I,cos{wt-g) L,R
where
Vin
I - o\ o
Vere(or-L)
R +(mL—;—E)
Tdt [ sin{or-¢)
Then, VC - fc - o C
Vi

——e—————sin (W 2~ @)
V(1- 0*LCY+ (0RC)

As resonance the voltage amplitude across the capacitor

Vi
- Vi v ooy,

1 CR?
RC
Vic
L
So -3 = .8
CR
L 1 2 1
Now Q = CR2—4-VJ!-4
For maximum current amplitude
Ve

71



4.131

Now

v
L-;—zl—- amithe,nl,,,.,-—ﬂ'!
Im Vm
n 7
2 {(n-1)
VR + 33
o' C
2
neVis =12
(oRC)
wRC = =1
n’-1
1. 1 ¥ o1 V=i 1
CR? 4 oRC 4 (n-
0oL = (0oC)"1 or Wy = A=,
VLC
(L) = 22
H)M=R‘
Vv Vv

Al resonance
and
Vi
Now R
Then
or
or
and
and

2
VRQ-Q- (mlL- -—1—-) VR2+ (sz-
(01C
mlL-—l——-Vnz- 1R
(ch
1
wy L~ C - +Val-1R

2

2
wl'%"ﬂh'*%I-V”—l%

2

(g + ) = g = V07

0+ @ =

0 02
Wp— 1)) = n2-1 %
R 07 — Wy
2Vn -1

1y
%C]

(assuming w; > w, )



4132 0 = 2 ~ =% for low damping.

2p 2P
Now -2 Kl I d
ow - , I.= current amplitude at resouance
27/ R ?
R2+(mL-—-—]
wC
2
Wy R
or OJ—.m-tL ::Zﬂ
Thus 0= wy = f
s Aw =28 and O = —2
0 w=208a Q-Am.
4133 At resonance @ = Wy
Vin
Iu ((Do)= R
| Vn
Then [I,(nowg) = =
\/R2+ wy L -
(" 0 nmﬂc)
Vin . Vo
] 2 E- ] ry 2
o (o IV E V(o D (o VL
\/R +(n—")c 1+(Q +4]( ﬂ')c

4.134 The a.c. current must be
I=1 V2 sinwt

Then D.C. component of the rectified current is
172

<I’>-lf10ﬁ sin w ¢ dt
T 0

x
1 L]
=I,V2 2njn’smede

Lv2
n
Since the charge deposited must be the same

Io\ff nL
Iofo'_n_f or !‘-7——'2—

The answer is incorrect.

73
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4138 (3) I(t) = L& O0s¢<T

(b)

T
I{tz=T)=I(t)
Now mean current
T

1 ¢ T2/2
<I>-?{I1?dt-ll-r_2-11/2

Then I, = 21, since <I' > = .

Now mean square current <J 2,

T 2

1 t
_4102_.,._2‘1‘,.__

ToT

21
so effective cumrent = ~—,
v3

In this case I = [, |sinw¢]
T
and I,,-%J-Illsinmtldt
0
2x n
I 21
= 5= 1, [ |sin6]d0 = X [sin6de - =2
0 0
ﬂfo
So Il' 5
T
21§
Then, mean square current = <7 25 - 4; sin® o ¢ dt
0
2R 1 f a5
Iy 1 ) Iy
-= xzn_!'smede- -
so effective current %l
e nt= —=—,
Vs
. = "E'
p Vo R /R __ Pa..

R

’ 2
VRZ+ 0®L? VR24 0L 1+(mL) n



4.137

4138 P

4139 P

75

Thus Q-R!'--Vn-l

R
or m=z-\/'n-1

v R 1 2 kH of tting th 1
TTAL of on putting the values.
Z =VR*+X2 or Ry =V 2% X}
X,

The tan 6 = ———s——

V2% -x?

Zz _ Lz XL 2

So cosq:--——-g"-—"-‘\/l_(f)

The current lags by @ behind the voltage.
v?
also PuVIicosp=_——V2z2 - X?=.160 kW.

z?
_ VI(R+ r)
(R+ 7)Y+ 0’L*
This is maximum when R+ r = w L for
y?2 v?

P = 7 = 2
R+ re QL) VR+ r- 2L | 4201
R+ YR+ r
V2

Thus R = wlL - r for maximum power and P, = TV

Substituting the values, we get R = 200 Q and P,,, = .114 kW.
i} V2R
R+ (X, - X.)
Varying the capacitor does not change R so if P increases »n times
zZ = VR?: (X, - Xc)* must decreases V'n times

Thus cos @ = % increases V 7 times

% increase in cos ¢ = (ﬁ— l)x 100 % = 30.4%.
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2
4140 P = —— &
R+ (X - X¢)
1
At resonance X; = X, = - —m——
nanc L ™ AC 0o TeC

Power generated will decrease » times when
2

(X, - Xc ) = (mL-— ;}-5) - (n- 1)R?

or - %ﬁ m—-:\/r2ﬂ

Thus o ¥ Zmpm-mo=0
(wrﬁ-—l_ﬂ)z-wﬁi-(n-l)ﬂz

or %-\/1 +(n-1)pw}d tﬁ-—l—ﬂ/mo

(taking only the positive sign in the first term to enmsure positive value for (03 )
0

Now Q--@--'l' (ﬂ) -1

Thus f‘-\/l-f n-1 :1:\/»3---1/\/1-»4(22

For large Q

- = XIOO%'-U5%

ZQ 2Q

4141 We have

VR | 4 R1+X_,_
VI" > V2
'\/(R+ Ry )%+ X} '\/(R+R1) + X7
2 2
VaR
50 (R+R1)2+Xf-(ﬂ), Rf+xf-(—-’——-)
Vi Vi
2 Rz 2
Hence R°+ 2RR; = =5 (V°- Vz )
1
or Ry, = R (Vz- sz" Vlz)

2V,?
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VIR 2 2 2
Heat generated in the coil = 21 7 -zlz—x 1"“’}5" R 2(Vz— 7 A
(R1+R2)+XL R R 2Vl
vio vi-v? 20 W
|4 :
4.142 Here I; = R’ V = effective voltage I
I 14 —>
1 = p——
VR2+XL2 l R
g 7 VV(R+R )+ X2 v Vv LR
= =
RVR?+ X? R oy L
I
R g is the impedance of the coil & the resistance in parallel. ,
Now -1} R+ 2RR, _ L\ 2RR
I} R:+ X/ L) " R*:+ X}
I*- -1} 2RR,
13 R+ X/
Now mean power consumed in the coil
VIR, ., DIP-n -1 1_ ., a1 .
= IR, = = IZR. == R(IP-I}-I})=25W.
YR xE 2 212 2 o
4431 11 1 . . 1+ioRC
Z R 1 R R
il
1z | = R - 400
Y1+ (0RCY

4144 (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.

L axis of
¥ Vol tage P ———
Io
I[_,r I'o I’_ ,r
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(b) I, is ahead of the voltage by 90°.
() The coil has no resistance so I is 90° behind the voltage.

AIC‘

Ir o
&

Lo
%IL ©

4.145 When the coil and the condenser are in parallel, the equation is

d]l IZd‘
L?*‘Rl‘l zfc stOOS(ﬂt I;-,-_ I
I=5L+1, & L.R I’ J/—z
Using oomple_x voltages V=Vm Curré’nt -1
Vlll e'®’ I w CV iwt ?
P Ty A
and

1 M it
I (R+ Py A :wC)V, e

R-iol+iaC(R*+ msz)] V. gior

R*+ @’L?
. Vi
Thus, taking real parts I-m cos(@wt- @)
where 1 _[R¥+ {0 C(R?+ ?L%)- wL}?)
12 ()] (R*+w’L*)?
‘p 2 2,2
aad tanq)=r.ul.—m(l’(éi + @' L)

(a) To get the frequency of resonance we must define what we mean by resouance. 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.

1
v, oLl - —

wC
715 and tang = R
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(b)
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both definitions give @’ = 2%6 at resonance. 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

or 0 - - = =0k, O =316 x 10’ rad/s.

Note that for small R, ¢ rapidly changes from =~ — _2’E to +12t- as  passes through

W, from < W, 0 > W,

VaR . CR
L/C " L

so I = effective value of total current = V QE- = 3.1 mA.

At resonance I, =

similarly I = =V V = 0.98 A.

where tangp =

242
I = wCV = V\/%- RLS “ 0.98 A,

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

We use the method of complex voltage ) > {,_ZR
Vo= Voe™ l YIo
Voeimr - o 1
Then I, = 1 =iwCVe V C L,R
1. Voeimt
LR ™ R+imL

R—:mL+sz(R +w’L? )
R*+ @*L?

I = Ic"' IL,R = VO

Then taking the real part

Vo\/R%{mC(R%msz)-mL}z
R*+0?L?

ol -0oC(R2+w?L?)
R

I = cos(wt-o)
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4.147 From the previous problem

R 2+ w2L2
4

\/R% loC(R?+ @?L?)- mL}2

R%+ w?L?

\/(R2+ w3L?)(1-202LC)+ 0?C?(R?%*+ 0?L?)?
VR2+ w2L2 \/R2+ m2L2

\/(1-2m2LC)+ 0?CHR%+ 0%LY) V(l—mzLC)2+(mRC)2

4.148 (a) We have

E = - % = wPysinw? =LI+RI

Put I=1 sin{wt-¢). Then
wPysinwt = 0Py {sin(wt~ p)eosp+ cos(wt-p)sing|

=LIi,wcos(wt- @)+ RI sin{(wt- @)

SO RI,= o®ycosy and LI, = Pysing
w P
or I, = 2 and tang = _u_)%
VR?+w?L?
(b) Mean mechanical power required to maintain rotation = energy loss per unit time
T 2
1 w (I)o R

RIdr = —RI S I
Tf " 2R+ 02L?

4.149 We consider the force F 12 that a circuit 1 cxerts on another closed circuit 2 :-

— D T
F12 =§ Itdlz)( Bu
—
Here 31'2 = magnetic ficld at the site of the current element d /; due 1o the current [, flowing

in 1.
Ko Il‘”_;x iz
v Py
where ry, = r,— r; = vector, from current element d; 0 the current element d Iz
Now - . .
> K dh x(dhx rp) Mo dl, (dl,- "12)- (dly- db) iy
Fo=2>[[ nn 3 ffrlrz

T2
In the first term, we carry out the integration over d Lt first. Then

’12
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dl dl — dl . —
ff 1 { = fdzlﬁ : 1--fd!1§ dl, -V, L =0
ru ru Fi2

because f dl,- Vz dez curl (V-l—] =0
F12 12
Thus F12=-—-ff1112 dli- dl, 2
ri2

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

— —  —» — — —
Fip =Ipg—ry = pp—p1t+ a

— =, . ™ T — —
where p; ( p; ) is the distance of d I, (d ;) from C, (C,) and a stands for the vector C, C; .

o gl 1
Then - = - Vo —
i "2
> |, wfdidh
and F12 - Va I]_IZ I?t-ff ——;_-1'2——'
The bracket defines the mutual inductance L. Thus noting the definition of x
9Ly

<Fx>-— 3x dlIzl'

where < > denotes time average. Now

I; = Iycos ¢ = Real part of [ye'®

. , . dl, dl,
The current in the coil 2 satisfies RI, + Lzz- = g,
f = —t0le Ie'® (inth ]
or Ay = m ( in the compiex casc )
taking the real part
ol w Ly
12=—-2—-1—2-9-—-((an¢05(0! Rsinwt )=~ i Ipcos(wet+@)
R+ o’L) VR%+ 2L}
R .
Where tan p = —— . Taking time average, we get
(DL2
oL wLyl W LyLy, Iz oL
<F, > = axlzlo 12 19 .;mscpg 241240 12

7, 272
R*+ oL} 2(R +o Lz) dx

The repulsive nature of the force is also consistent with Lenz’s law, assuming, of comse, that
L, decreases with x.



