ELECTROMAGNETICS
5. D.C CIRCUITS

POINTS TO REMEMBER

1.

Electric currents whose magnitudes vary for a small time while growing to
maximum or decaying to zero are called transient currents.

GROWTH OF CURRENT IN LR CIRCUIT

2.

When switch “S’ is closed at t=0; s—L% =Ri
—IB L J b
Attimet, current i==1-e L R s
= i AV\/\AAI;—mmTf >
i
The constant L/R has dimensions of time and is called the A
inductive time constant (t) of the LR circuit. 063 %
t=1, i=0.63iy, in one time constant, the current reaches growth of current

63% of the maximum vaue. The time constant tells us how i
fast will the current grow.

.. . _ € i
i=ip, whent=w , where i == t time

Theoretically current grows to maximum value after infinite time. But practically it
grows to maximum after 5t.

Decay of current:

4.

When switch “S’ is open at t=0; —L% =Ri

at t=0, i=io

—

attimet, i=ige *

The current reduces to 37% of the initial valueinonetime .. ¢ \

constant i.e., 63% of the decay is complete. R decay of current

Energy stored in inductor E= % Li%. fime

Charging of a capacitor :

When a capacitor is connected to a battery, positive charge
appears on one plate and negative charge on the other. The
potential difference between the plates ultimately becomes
equal to em.f of the battery. The whole process takes some

time and during this time there is an electric current

0.63c

. i growth of charge
through connecting wires and the battery.

Using Kirchoff's loop law %+Ri—s=0.

ot ‘ t time
At any timet, q:eC[l—e RC}=QL1—e CRJ

_t _t
V=E(1—e CR] Ti=ige CR.



9. The constant RC has dimensions of time and is called capacitive time constant ().

10. In one time constant (1=RC), the charge accumulated on the
capacitor is g=0.63¢C. q

Discharging of a capacitor :

11. When the plates of a charged capacitor are connected through o0.37ec

a conducting wire, the capacitor gets discharged, again there is [ decay of charge

aflow of charge through the wires and hence there is a current t time
12. 4_Ri=o

C

-t
13. q=Qe RC,where Q =¢C
L -t
V=Ee R ;;i=—ipe CR,
14. At t=RC, g=0.37Q, i.e., 63% of the discharging is complete in one
time constant.

LONG ANSWER QUESTIONS

1. Describethe growth and decay of current in an inductance, resistance
circuit. How the growth and decay ar e affected with differ ence values of
inductance discuss?

Ans. Growth of Current : L.R. circuit is as shown in the figure. When thekey ‘'S is
thrown over to ‘@, the current begins to flow and a magnetic flux is linked with
the coil.The value of current increases from zero to maximum but not suddenly
because the induced emf across the inductor opposes the growth of current.

Let i be the instantaneous current and % be the rate of rise of current.
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i a
B T
+1=
E—L.ﬂ:IR
dt
But E =iR
di di

R-LA=iR  =iRr-iR=LY
o ot

- di d_R
Si)r=L.2 =R

= 0-DR=Lg =571

On integrating, .[(,d—il) :§ Idt
0

dt

= log, (i, —i) = —%t +A

Where A isthe integration constant.



Ift=0,i=0,then A=log,i,
Olog, (i i¥ - %tr log, i,

= log, (i, =) —log, i, = —%t

'
0.632i, hotmas

i _Bt _Bt
=>—=1-et =i=iy|1-et
lo

The factor Lhas the dimensions of time and it is called inductive time

constant.
Ft=t —i=i (1—e‘1):>i = 0.632i
R 0 . 0

The time taken for the L— R circuit to grow its current value from zero to
63% of its maximum vaue is called capacitive time constant.The

instantaneous value of current rises exponentially.

R -Ry

_R . . _R
Also,izio[l—e Lt]: I =i,—e ! Siet =i-i

The rate of growth of current is given by,

T

di R. - -
= —=—iet" a9 _Ry
dt L ° ~ L(IO )

As R is greater orL is smaller, rate of growth of current is greater. Hence for a

smaller inductive time constant, the current attains its maximum steady value
more rapidly.
Decay of current: Whenthekey ‘S isthrown over to ‘&, the current in the circuit
suddenly does not become zero, but it gradually decreases.

Let i be the instantaneous current and %be the rate of

decay of current.

0.37, decuy of crent




di di R

=-L—=IiR :>_—:_—dt
dt i L
. . di R
On integrating, —=——|dt
egrating - LI

=log,i =—§t+B

Where B is the integration constant
If t=0,i=io,thenlog.i, =B

Olog,+ - %.tr log, i, :Iogei—logeiO:—Ft

i R i R R

=log,| —|[=——t =>—=e!t =i=ie"

e L i 0
0 0

The factor % has the dimensions of time and it is called inductive time constant.

If t:L,Theni =i,e" =i =0.37,
R

The time taken for the current value to decay from maximum value to 37%
of its maximum value is called inductive time constant.

. _B .
The rate of decay of current is, a_ (—EJioe N = a_ —Ei
dt L dt L

Hence for a smaller inductive time constant, the current decays more rapidly.

2. Describethe growth and decay of current in resistance, capacitance circuit?
Define time constant.

Ans. C — R circuit :Consider a circuit of a capacitance ‘C’ and a resistance ‘R’ are
connected in seriesto acell of emf ‘E’ and atwo way plug key ‘'S’ .
Growth of charge : When the key ‘S isthrown over to ‘a , the capacitor begins
to collects the charge. After some instant of time, the charge accumulated on the
capacitor opposes the further growth of charge i.e. an emf is induced in the
capacitor called induced emf (or) back emf. Then the net emf of the circuit is
equivalent to p.d. across‘R’.

E. . l [«
| D oeoa
i E T
+1=
Let g be the charge on the capacitor and i be the current flowing in the circuit
after atimet. If qo is the maximum charge of the capacitor, then

qo=CE
E—ﬂle and |:%
C dt
:i—qle
C C
1 dq
—lag,-gq =—.R
:>C[q0 q] -



_,at d _ dg

CR O~ q
:»ja_ s I
t
= -~ =g =109, (do —q)

t
= -—+A=lo -
R 9. (9 —q)
Where A isthe integration constant. Whent=0,q=0, then A=log,q,

t
= —aﬂogeqO :Ioge(qo —Q)

= - -t =log, %—4
CR (o

o
g
0.63g, gromih of charge
£ tirne
q _t _t
= —=1-e<= :q:qo(l—e CR}
%

The factor RC has the dimensions of time and it is called capacitive time
constant.

If t=CR, then g=q, (1—e‘1) or gq=0.63q,
The growth of charge across the capacitance is also exponential and is as shown
in thefigure.
The time taken for the C — R circuit to grow its charge value from zero to 63% of

its maximum value is called capacitive time constant.
Rate of growth of charge across the capacitor.

_t -t
q=qo(1-e CR] = =0, =G~

t

qoe_a:qo_q
q_d N
I____
dt dt[q‘)[
dg_ 1 - CE -
Mo = =~"geCR
dt  CR° CR
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Or|:ioea
d 1
And —q——(q -q)



Hence the charge on the capacitor increases and current in the circuit decreases
with time exponentially.

Decay of Charge:

Let the capacitor is charged to avalue ‘qy’ and the key ‘S’ is thrown over to ‘b’
to allow the capacitor to discharge through the resistance R.

Let g be the charge on the capacitor and i be the current flowing in the circuit
after atimet during the di scharge.

E —ﬂ =i = —E :% R
C dt
dq —E = J.% = —i Idt
q RC q RC
t
log.qg=——+A
9. q RC
Where A isthe integration constant. When
t=0,9=0q,
A=log,q,
log,q= -t +log.q, =log _4)=-t
e RC e 10 e b RC
q_ -t
Or L=e R jq:qo(eRCJ
o
Hence the charge on the capacitor decreases with time exponentially.
q
t=RC %
— -1 —
. a=>0 (e ) = q = 9.367% | 03674, gyt
The time taken for the C — R circuit to decay its charge L .
value from zero to 37% of its maximum value is called t fee

capacitive time constant

da__1
d RC
_t -t -t
Also, j=-bew :—Eem =i=-,ere

SOLVED PROBLEMS

1.

Sol:

A coil hasatime constant of 1sand an inductance of 8 H. If the coil is
connected toa 100 V d.c. source, determine (i) the resistance of the inductor,
(i) steady value of the current and (iii) thetimetaken by the current to reach
60% of the steady value of the current.
i) r=L R—L _8 =8Q

R’ r 1
i) 1,=e/R=100/8 =12.5A



Sol:

Sol:

Sal:

... 60
i) i=——I1,=0.6I1,,7 =1s.
) 100 0

i=1,(1-e"")= 06l,=1,(1-¢") = ¢ :0—14=2.5

t =log, 2.5 = 2.303l0g,, 2.5 = 2.303 x.3979 =0.9164s.

A constant voltage is applied to aseriesL-R circuit at t =0 by closing a
switch. ThevoltageacrossL is25V att =0and dropsto5V att =0.025s. If
L=2H, what must be the value of R?

Att=0, | =0 HencethevoltageacrossL att =0 is e= 25V .

Att=0.25s, voltage acrossL is5V.
Hence voltage across R = applied emf —voltage acrossL =25-5=20V
E _25. _Voltage acrossR _ 20

R R R R

_t _t
But, i = Ioll—e f) :>§:§(1—e T] :>£:I0995:2.303><I09105
r

Or % = 2.303x0.6990

_ 2.303x0.6990
0.025

A capacitor of 100uF capacitanceisconnected in serieswith a resistance of

8000Q . (i) Estimate the time constant of the circuit (ii) If the combination is
suddenly connected to a 100 V direct current supply, find theinitial rate of
rise of potential acrossthe capacitor.

(i) 7=CR=100x10"° x8000 =0.8s

(if) Att =0, potential difference across capacitor iszeroi.e., puttingV =0in
e=V =iR

=128.6Q

e:iR:R%:RCﬂ.
dt dt
&t ), RC 08

Capacitor of 0.1 uF ischarged from a 100V battery through a series
esistance of 1000Q . Find i) thetime for the capacitor to receive 63.2% of its
final charge, (ii) the chargereceived in thistime, (iii) theinitial rate of
charging and (iv) therate of charging when the chargeis63.2% of the final
charge.

i) 63.2% of chargeisreceived in atime equal to the time constant of the circuit.
r=CR=0.1x10"° x1000 =1 X10™*s

i) g, =CV =0.1x1000 =104uC

Charge received during one time constant = 0.632x g, =0.632 x10 =6.32uC

iii)TherateofchargingatanytimetisOl—V:ﬂ
d CR
e-V :iR(%jR :RE(CV) e
dt dt dt
Initially, V=0
Hence, =8 = 10 vy s



iv) V=0/c=0.632q, ; V =0.632 x100 =63.2V
dv. e-V_ 100-63.2
d CR 10™
UNSOLVED PROBLEMS
1 A coil with self inductance of 2.4H and resistance 12Q is suddenly switched
across a 120V direct current supply of negligible internal resistance.
Determine (i) the time constant of the coil (ii) the instantaneous value of the
current after 0.1s (iii) the final steady current and (iv) the time taken for the
current toreach 5A.
Sol: L=24H ; R=12Q
emf of D.C. supply = 120V
L_24

i) Timeconstant=7=—=—— =0.2sec
R 12

. )| _E 011027 —
i) | :I{l—e (L)} :E[l—e“””(”)] =3.94A

368KV /S.

iii) Final steady current = Io:E:— =10A

iv) If t, isthe time taken for current to reach 5A, then | = 5A

— _lg _t(%j
l,=10A= 1 =—==1=1,|1-e
2

o _ I, [1—e_t1"°'2} N %: [1_e—t1/0.2:|

= log: = 5t1:>t1:?‘*:T = 0.139 sec (nearly)

2. A 200v direct current supply is suddenly switched to a coil which has a time
constant of 1 milli second. If the current in the coil reaches 0.2A after 3
millisecond, determine the final steady value of the current, the resistance
and the inductance of the coil.

Sol:  E,=200v ; r=1millisec =3x10°sec

1) i,="?
-t -3x1072
But i:i{l-e” }: O.2=i0[1—e1*10‘3 ]:ioz 0-2_3
1l-e

.02
I, =

1-0.05
i, = 0.21amp
But R== =29 952380

ipb, 0.2

L = Rr =952.38x1x107° =0.952H
2. An 8uF Capacitor is being charged by a 400V supply through 0.1 mega

ohm resistor. How long will it take the capacitor to develop a potential
difference of 300V?

Sol: C=8uF=8x10°F ; R=0.IMQ=0.1x10°Q =10°Q



7=RC =10°x8x10° =0.8sec

q=g,[1-e'™] =cv=CV,[1-e"*] = 300=400[ 1-&™/** |
= 0.75=1-¢"%®
t=111sec

3. A resistance R and a 4uF capacitor are connected in series across a 220v
direct current supply. Acrossthe capacitor a neon lamp that glows at 120V is
connected. Calculated the value of R to make the lamp glow 5 seconds after
the switch has been closed.

_t

Sol: Q= qo(l—e RC]

0= OV, =(4x10°°) (120)
Gomay = CVina = (43107°) (200)
t=5sec
5
= (4x107®) (120) =(4x10") (200) {1 —gRC }
S 5

:@:1—@‘3 =1 :1—§ =04

200

__ 5  _ 5 _ 60 —
R= = — =1.366x10° Q =1.366 MQ
Cx0.915 4x10°x0.915

ASSESSYOURSELF

1. What arethe dimensionsof R/L?

Ans. [T7]

2. What arethe dimensions of RC?

Ans. [T]

3. The current which varies for a small finite time, while growing to maximum
or decayingto zero valueis called transient current. Where do you find such
currents?

Ans. Inthe charging and discharging of a capacitor through aresistor and in the growth
and decay of current through an inductor and resistor in series.

4, A constant voltage of 25V isapplied toa seriesL-R circuit at t =0 by closing
a switch. What is the potential difference across (i) the resistor and (ii) the
inductor at t = 0?

Ans. 0O; 25V

5. A constant voltage of 50V is applied to a seriesL-R circuit at t = 0 by closing
a switch. What is the potential difference across (i) the resistor and ii) the
inductor at t =00 ?

Ans. 50V, 0

6. When a capacitor is charged through a resistor, the charge on the capacitor
at any timetis q=q,(1-€¢"") where A =CR. What isthe expression for the
potential difference acrossthe capacitor at that instant of tiem?

Sol:  q=gq,(1-€"")

q :&(1_e—tm)

c c
V=V, (1-e")



7. A constant voltage of 100V isapplied a series C-R circuit at t = 0 by closing a
key. What is the potential difference across (i) the resistor and (ii) the
capacitor att =0, .

Ans. Att=0;100V;0;at t =00; 9, 100V



