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Kirchhoff’s Laws

Junction rule: “The sum of the currents entering any junction must be equal to the sum of the current
leaving that junction.” In symbols »_ I, =>_ I, . Itis a statement of conservation of charge.

Loop rule: “The algebraic sum of the changes in potential encountered in a complete traversal of any
loop of a circuit must be zero.” In symbols ZVi =0. It is a statement of conservation of energy.
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1- Find V,-V,. - 10Q -

Start with point a and move to the right, one can have
V,-20+2x10-10=V, = V,-V, =10 volts

2-  A- Find the values of the currents in figure (3).

. : : 7Q a 5Q
Ans: At the junction b AN A
I, +1,+1,=0 1)
Loop I implies —» AV —>
+71,-10-4=0 = 1 ,=2A 2 Yh 4 YA 2 YYER
Loop Il implies < <
446-51,=0 = |,=2A (3) ->| b
from (2) and (3) in (1), one can find | | . |
l,=—1,—1,=—4A 1oV 6V

So, the current 13 will be in the opposite direction.
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B- With three different methods, prove that vV, -V, =+4V .
Through loop I, one finds V, —1,(7)+10=V, =V, -V, =14-10=4 Volts
Through loop I1, one finds V, —1,(5)+6=V, =V, -V, =10-6=4 Volts
Through the middle connection, one finds V, -4=V, =V _ -V, =4 Volts

3-  The two branch currents in the circuit shown in figure are |, = %A and |, = %A :

A- Determine the emfs, E1and Eo.
B- With three different methods, prove that

V, -V, =3 volts.
Ans: At the junction c
L+l,=1, = Isng (1)

Loop | implies
E,-1,1+2)-6l,=0 = E,=6volts (2)
Loop Il implies
-E,+1,1+7)+61,=0 = E,=9volts (3)
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e If the current I in figure (5) is equal to 4.0 A, then the potential difference between point
land 2, i.e. (V2-V1),is:
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Figure (5)

V,-3l -12-51 +4=V,
=V, -V, =-40 Volts
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e How long will it take a charged capacitor of 50.0x10°® F to loss 30% of its initial energy

if allowed to discharge through a 40 Ohm resistor?

2 2 2
U, Zlq—i, ~ U, Zlq—f=0.7Ui :O.71q—i
2C 2C 2C

=Q; =+0.7Q,

Qf :Qie—t/RC :>\/(T7Q| :Qie—t/RC
—1t =—RC In/0.7 =0.36x10° s

e The capacitor in figure (1) is initially charged
to 50 V and then the switch is closed. What
charge flows out of the capacitor during the
first minute after the switch was closed? o pF __

Q — Qo (1_ e—t/RC),

N0 kL2

RTATA A

-4
Qo =¢C=50x1.0x10" =5.0 mC, Figure 1
7=RC =2.0x10°x1.0x10* =20.0 s
L Q=5mC(l-e*)=4.75mC

e Att=0,a2.0x10° Farad capacitor is connected in series to a 20-V battery and a

2.0x10° Ohm resistor. How long does it take for the potential difference across the

capacitor to be 12 V?

...V :Vmax (1_e—t/RC)
~12=20(1-e"*)
—t=RC =2.0x10°x1.0x10"* =3.66 s

e In the circuit shown in the following figure, the capacitor 5

LI

If 7 denotes the time constant, the current through the 3-

was initially uncharged. At time t = 0, switch S is closed. J_
ohm resistor at t =7/10 is ! T

| = et gm0 _ggg A
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e A capacitor, initially uncharged in a single-loop RC circuit, is charged to 85% of its
final potential difference in 2.4 s. What is its time constant in seconds?

V=V, [1-e"F)
-085=(1-e") = 085=(1-e")
t 2.4

~In0.15=-——=7=-
T In0.15

=1.27=1.3s

e A 1.0 uF uncharged capacitor and a 3.0 kQ resistor are connected in series, and then

(at time t = 0) a 6-V potential difference is applied across them. Find the time at which
the voltage on the capacitor is 3.8 V.

C=10uF,R=3.0kQ = 7r=30ms
wV=g(l-e’) = e _1-Y _0.367
&

. t=-7In(0.367) =3.0 ms.

e (Q16. A capacitor of capacitance C takes 2 s to reach 63 % of its maximum charge when
connected in series to a resistance R and a battery of emf €. How long does it take for
this capacitor to reach 95 % of its maximum charge (from zero initial charge)? (Ans:
6s)

1-q@t)=q,1-e"") = e"'"=1-0.63=0.37
= 1=-t/In(0.37)=2s

0.959, =9,(1-e"?) = e"?=1-0.95=0.05
= t=-2In(0.05)~65

Example: For the circuit shown in figure (4), if V, =V, =20 Volts, what is the potential
difference V, -V, ?

1065 106 i
¥ V', SRR , V|V, Y —
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I 2
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d 501 c
(@  -55Volts.
(b) 25 Volts. InLoop I, 65-15I,-20=0=1,=3A
(©)  -25Volts. SV V=V, -V V-V, =40+3x5=55V
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(d) 35 Volts.

(e) 55 Volts.

Example: A capacitor of capacitance C is discharging through a resistor of resistance R. In terms
of RC , when will the energy stored in the capacitor reduces to one fifth of its initial value?

U =U.e?"

%UO =U e =>t= ('”75)r =0.80 RC

Example: In the circuit shown in the following figure, the capacitor was initially uncharged. At
time t = 0, switch S is closed. If 7 denotes the time constant, the current through the 3-ohm
resistorat t =7/10 is

e . 9 G0

=" =2 =090 A 4 8
R 9 -L AN
*;xT — 1Y
kAN
30

e A fully charged 6.0 uF capacitor is connected in series with
a 1.5 X 10° Q resistor. What percentage of the original charge
is left on the capacitor after 1.8 s of discharging?

Solve: The time constant for this circuitis 7=RC=(1.5% 10° Q)(6.0x 107 F)=0.90s. At t=1.8s, which is 27,

the fractional charge remaining is 1= ¢™/7=¢"189/0909 = 2 _ 14 or 14%.

ee When a capacitor is being charged up, (a) how many time
constants are required for it to receive 95% of its maximum
charge, and (b) what is the current in the circuit at that time?

19.68. Set Up: The time constantis 7=RC, so g =Qp(1—e~/RC) and i = Ie™"/RC .
Solve: (a) g =0.950;  gives0.95=1-¢"""C_ &7 =005, — L 1n(0.05). £=3.0. Three time constants are required.
T T

—t/ .
(b) €7 =0.05 so i=0.051,.
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In Figure 6, R, = 100 Q, R, = Ry = R4 =75 €, and the ideal battery has emf € = 6.0 V.
What is the current in R,?

e -~

Figure 6

R;,R; and R4 are in parallel
R 75 250
eq — 3 -

R, is in series with R

bq = Req + Ry = 1250

In the circuit shown in Figure 7, the 33Q resistor dissipates 0.50 W. What is the emf
of the ideal battery?
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Figure 7

68 Q)

AN

75 Q)

P=I’R—1= |23 _01234,R,, =33+ (i+i)-1 = 68.880
Ras »Meq 68 " 75 ’

V =1IR,, =85V



