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The circuit of capacitors connected to a battery is at equilibrium.

(a) Find the equivalent capacitance Clg.
(b) Find the voltage V3 across capacitor Cs.
(c) Find the the charge Q2 on capacitor Cs. C3 = 3uF
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The circuit of capacitors connected to a battery is at equilibrium.

(a) Find the equivalent capacitance Clg.
(b) Find the voltage V3 across capacitor Cs.
(c) Find the the charge Q2 on capacitor Cs.
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Solution:
1
(@) Ci2=C1+Co=3uF, Ce = (
Ci2
(b) Q3 — Q12 — Qeq — Ceq(SV) = 12,LLC
ooy 98 1Oy
C'3 3uF

(€) Q2 =V2C2 =38uC.

1\ 1
+ ) = 1.5uF.

Cs




Consider the electrical circuit shown.

(a) Find the equivalent resistance Regq.

(b) Find the current I3 through resistor R3.
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Consider the electrical circuit shown.

(a) Find the equivalent resistance Regq.
(b) Find the current I3 through resistor R3.

R,=2Q
12V—" R.=
T R,=30 6= 08

Solution:
@ R —<1+1)_1—29 Reqg = Ro + R3g = 412

36 — R3 R6 — ) eq — 112 36 — .

12V
(b) I2 = I36 = = 3A
V3
= V3 = V34 = I3 R3¢ = 6V = I3 = — = 2A.

R3




TTHHTT
e

= - i E—--
WATH E_"' 0

This RC circuit has been running for a long time.

(a) Find the current I5 through the resistor Rs.

—\W
L Ri=2Q o oanp

12V

(b) Find the voltage V> across the capacitor.

R, =40
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This RC circuit has been running for a long time.

(a) Find the current I5 through the resistor Rs.

—\W
L Ri=2Q o oanp

12V

(b) Find the voltage V> across the capacitor.

R, =40

Solution:

£ 12V

a) Io =0, [h=—0 =27 _9A,
(@ Ic 2= P 0

(b) Vo =Vo =1IRy = (2A)(4Q) = 8V.
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Consider a charged particle moving in a uniform magnetic field as shown. The velocity is in
y-direction and the magnetic field in the yz-plane at 30° from the y-direction.

(a) Find the direction of the magnetic force acting on the particle.
(b) Find the magnitude of the magnetic force acting on the particle.

L
B=4mT

30° v =3mis

+

g =5nC
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Consider a charged particle moving in a uniform magnetic field as shown. The velocity is in
y-direction and the magnetic field in the yz-plane at 30° from the y-direction.

(a) Find the direction of the magnetic force acting on the particle.
(b) Find the magnitude of the magnetic force acting on the particle.

L
B=4mT

30° v =3mis

+

g =5nC

Solution: X

(a) Use the right-hand rule: positive x-direction (front, out of page).
(b) F = quBsin30° = (5 x 1079C)(3m/s)(4 x 1073T)(0.5) = 3 x 10~ 1IN,

RELEE
i |



The circuit of capacitors connected to a battery is at equilibrium.

(a) Find the charge Q3 on capacitor C's.

(b) Find the charge (J2 on capacitor Cs.




The circuit of capacitors connected to a battery is at equilibrium.

(a) Find the charge Q3 on capacitor C's.
(b) Find the charge (J2 on capacitor Cs.

Solution:

(@) Q3 = C3(12V) = (3uF)(12V) = 36uC.
(b) Q2 = Q12 = C12(12V) = (1uF)(12V) = 12uC.




Consider the two-loop circuit shown.

(a) Find the current I;.
(b) Find the current I5.

2Q 2Q
10V

2Q 2Q)

3Q %lz




Consider the two-loop circuit shown.

(a) Find the current I;.
(b) Find the current I5.

2Q 2Q
10V
® HD ®
2Q 2Q
3Q
* 2
Solution:
8V
(@) —(2Q)(I1) + 10V — (2Q)([1) =2V =0 = I; = o 2A.

b) —(2Q)(I2) + 10V — (2Q)(I2) — (3Q)([2) =0 = I5 = % = 1.43A.




In this RC circuit the switch S is initially open as shown.

(a) Find the current I right after the switch has been closed.

(b) Find the current I a very long time later.

5nk

2Q
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In this RC circuit the switch S is initially open as shown.

(a) Find the current I right after the switch has been closed.
(b) Find the current I a very long time later.

5nk

Solution:
: 12V

(@) No current through 292-resistor: I = - 3A.
: 12V

(b) No current through capacitor: I = —— = 2A.

6<2
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A current loop in the form of a right triangle is placed in a uniform magnetic field of magnitude
B = 30mT as shown. The current in the loop is I = 0.4A in the direction indicated.

(a) Find magnitude and direction
of the force F on side 1 of the triangle. 5 l A

(b) Find magnitude and direction
of the force F5 on side 2 of the triangle.

3 1A | 20cm
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A current loop in the form of a right triangle is placed in a uniform magnetic field of magnitude
B = 30mT as shown. The current in the loop is I = 0.4A in the direction indicated.

(a) Find magnitude and direction
of the force F on side 1 of the triangle. 5 l A

(b) Find magnitude and direction
of the force F5 on side 2 of the triangle.

3 1A | 20cm
2
. Y
—- —
20cm

Solution:

(@) Fy = IL x B = 0 (angle between L and B is 180°).
(b) Fy, =ILB = (0.4A)(0.2m)(30 x 1073T) = 2.4 x 1073N.
Direction of F5: ® (into plane).
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Consider the configuration of two point charges as shown.

(a) Find the energy Us stored on capacitor C's.
(b) Find the voltage V4 across capacitor Cy. Ci=2uF Co=2uF
(c) Find the voltage V5 across capacitor C'. | | | |

(d) Find the charge Q1 on capacitor C'.
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Consider the configuration of two point charges as shown.

(a) Find the energy Us stored on capacitor C's.
(b) Find the voltage V4 across capacitor Cy. Ci=2uF Co=2uF
(c) Find the voltage V5 across capacitor C'. | | | |

(d) Find the charge 1 on capacitor C. I iy | |
|0

Solution: . C3 _ 3u|:

(@) Us = %(3/115‘)(6\/')2 = 54u]. |1

(b) Vi =6V. C4:5u|:| |

1
() Vo= 6V =3V.

(d) Q1 = (2uF)(3V) = 6uC.
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Consider the electric circuit shown.

(a) Find the current I when the switch S is open.

(b) Find the power Ps dissipated in resisistor R3 when the switch is open.
(c) Find the current I when the switch S is closed.

(d) Find the power Ps dissipated in resisistor R3 when the switch is closed.

— AW

R,= 40 R,= 40
O 24V

| ¢ S
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Consider the electric circuit shown.

(a) Find the current I when the switch S is open.

(b) Find the power Ps dissipated in resisistor R3 when the switch is open.
(c) Find the current I when the switch S is closed.

(d) Find the power Ps dissipated in resisistor R3 when the switch is closed.

— AW

Solution: - Rl 4Q R2: 4Q
(a)I:S—Q:?)A. =YY,

e = R,.=4Q
(b) Pz = (3A)2(4Q) = 36W. | ¢ S 3
@ 1= _n

(d) P3 = (2A)2(4Q) = 16W.




Consider the two-loop circuit shown.

(a) Find the current I;.
(b) Find the current I5.
(c) Find the potential difference V, — V4.

10V 6V
I [
7Q% 3V
bJ — > -
4 P




Consider the two-loop circuit shown.

(a) Find the current I;.
(b) Find the current I5.

(c) Find the potential difference V, — V4.

Solution:
8V + 10V
@ I = OV 957A,
70
8V — 6V
(b) In = ———— = 0.22A.
92

©) Vi, —V, =8V — 6V = 2V.

10V 6V
I [
7Q% 3V
bJ — > -
4 P




The circuit of capacitors is at equilibrium.
(a) Find the charge @1 on capacitor 1 and the charge Q2 on capacitor 2.
(b) Find the voltage V; across capacitor 1 and the voltage V5 across capacitor 2.
(c) Find the charge Q3 and the energy Us on capacitor 3.

C3=5uF

C{=6UF C,=12uF
| | | |

| | | |
12V

I
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The circuit of capacitors is at equilibrium.

(a) Find the charge @1 on capacitor 1 and the charge Q2 on capacitor 2.
(b) Find the voltage V; across capacitor 1 and the voltage V5 across capacitor 2.
(c) Find the charge Q3 and the energy Us on capacitor 3.

C3=5uF
Solution: I I
1 1\t
@ 2= (o + 13 ) = 40P C;=6uUF C,=12uF
Q1= Q2 = Q12 = (4uF)(12V) = 48C. I I I I
(b) Vi = 2L BHC gy 12V
C1 6uF H 0
v = Y2 8Oy
Ca 12uF

(€) @3 = (5uF)(12V) = 60uC,
Us = %(5;@)(12\/)2 = 360uJ.
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Consider the electric circuit shown. Find the current I; through resistor 1 and the voltage V3
across it

(a) when the switch S is open,

(b) when the switch S is closed.

(c) Find the equivalent resistance R., of the circuit and the total power P dissipated in it when
the switch S is closed.
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Consider the electric circuit shown. Find the current I; through resistor 1 and the voltage V3
across it
(a) when the switch S is open,

(b) when the switch S is closed.
(c) Find the equivalent resistance R., of the circuit and the total power P dissipated in it when

the switch S is closed.

Solution: |
12V

@ =155 =24 Vi=(A0)(24) =8V, % R, =40 :

b I—1—12V — 1.5A, Vi = (49Q)(1.5A) =6V

() 1_5294—29_' 3 1—( )( )— . —/\/\/\/\

1 1\t _
() Req:(E+E> 120 = 49, R1—4QR _2Q§
(12V)? 2
P = — 36W.

4) ] i




Consider the electric circuit shown. Find the currents I, Is, and I3

(a) with the switch S open,
(b) with the switch S closed.

Iy

< 8V
|0
20 -0
|
<> 12V

%29 S

8 H6v




Consider the electric circuit shown. Find the currents I, Is, and I3

(a) with the switch S open,
(b) with the switch S closed.

Solution:
8V — 12V
a) I = = —1A,
(@) I 0
I = —1; = +1A.
Is = 0.
8V — 12V
(b) I = = —1A,
40
— 12
2Q)

| 1
D

2Q)

P
-

%29

<

-
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Both capacitor circuits are at equilibrium.

(a) In the circuit on the left, the voltage across capacitor 1 is V; = 8V. Find the charge Q1 on
capacitor 1, the charge Q2 on capacitor 2, and the voltage V5 across capacitor 2. Find the emf £ 4
supplied by the battery.

(b) In the circuit on the right, the charge on capacitor 3 is Q3 = 6uC. Find the voltage V3 across
capacitor 3, the voltage V4 across capacitor 4, and the charge Q4 on capacitor 4. Find the emf £
supplied by the battery.
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Both capacitor circuits are at equilibrium.

(a) In the circuit on the left, the voltage across capacitor 1 is V; = 8V. Find the charge Q1 on
capacitor 1, the charge Q2 on capacitor 2, and the voltage V5 across capacitor 2. Find the emf £ 4
supplied by the battery.

(b) In the circuit on the right, the charge on capacitor 3 is Q3 = 6uC. Find the voltage V3 across
capacitor 3, the voltage V4 across capacitor 4, and the charge Q4 on capacitor 4. Find the emf £
supplied by the battery.

[ ] [ ]
1] 1] 1
C,=1uF C,=2uF C,=3UF
|
|
C4: 4|J.F
o |0
Solution: SA EB
(@) Q1= (1uF)(8V) = 8uC, Q2 = Q1 = 8uC,
SuC
Vo= MY 4y, 4 =8V 44V = 12V.
2uF
6uC
b) V3 =2 —ov, V=13 =2V,
SuF

Qs = (2V)(4uF) = 8uC, Ep =Va =Vy =2V.




Consider the resistor circuit shown.
(a) Find the equivalent resistance Ry .
(b) Find the power P supplied by the battery.

(c) Find the current 14 through the 4)-resistor. % 20
1

(d) Find the voltage V5 across the 2{)-resistor.

Q 1Q

% 4Q
{ 30 30
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Consider the resistor circuit shown.
(a) Find the equivalent resistance Ry .
(b) Find the power P supplied by the battery.

5=

(c) Find the current 14 through the 4)-resistor.
(d) Find the voltage V5 across the 2{)-resistor. 10 10
Solution: | /\/\/\/\
% 40
(@) Req = 8. 3Q 3Q
(24V)2 ( H
b) P= = 72W.
(b) 20 [
124 24V
(c) Iy = 124V = 1.5A.
2 8

(d) Vo = (1.5A)(2Q) = 3V.




Consider the electric circuit shown.
Find the currents 11, 1o, I3, and 14.

1Q 1Q
AW
1 T I__:l_llv ¢ I,
3V
Jo——g
2 ¢ 2VI__'—_—'_I T 3




Consider the electric circuit shown.
Find the currents 11, 1o, I3, and 14.

Solution:

Use loops along quadrants in assumed current directions.

Start at center.

192

+3V-1(1Q2) -1V =0 = I =2A.

+3V - 15(1Q2)+2V =0 = Iy =5A.

—2V —I3(1Q2)+5V =0 = I3 =3A.
(1€2)

+1V — Iy

+5V =0 = I =06A.

TTHHTT
e

3 'y - i E_--
§ rRes




Both capacitor circuits are at equilibrium.

(a) Find the charge (21 on capacitor 1.

(b) Find the voltage V3 across capacitor 3.
(c) Find the charge Q2 on capacitor 2.

(d) Find the energy U, stored on capacitor 4.

C,=1pF
| |
N

= 24V

C,=3pF

24\
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Both capacitor circuits are at equilibrium.

(a) Find the charge (21 on capacitor 1.

(b) Find the voltage V3 across capacitor 3.
(c) Find the charge Q2 on capacitor 2.

(d) Find the energy U, stored on capacitor 4.

| |
= 24V ——C,=2pF
24V =
| |
I
Solution: C3 = 3pF
1 1\ !
(@) Ci3 = (— + —) = 0.75pF, Q1 =Q3 = Q13 = (24V)(0.75pF) = 18pC.
C1 (s
() Vs = 28 _ 1800 _ oy
Cs 3pF

() Q2 = (24V)(2pF) = 48pC.

1 1
d) Uy = 5a;yf — 5(4pF)(24V)2 = 1152pJ.

RELEE
|

i




Consider the resistor circuit shown.

(a) Find the current I, on the left.

(b) Find the current I on the right.

(c) Find the equivalent resistance R, of all four resistors.
(d) Find the power P, dissipated in resistor 2.
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Consider the resistor circuit shown.

(a) Find the current I, on the left.

(b) Find the current I on the right.

(c) Find the equivalent resistance R, of all four resistors.
(d) Find the power P, dissipated in resistor 2.

R, =10 R, = 4Q
Solution: VY ‘ /\/\/\/\_
. Iy 24V = 'R
(@) I, = ——— = 6BA.
1Q + 30 R,=2Q
(b) Ip = 24V _ 6a. o
190 R,=30Q

(¢ R —( ! —|—1—|—1)_1—1Q
“CT104+30 20 40 -

(24V)?

d) P> =

= 288W.




Consider the electric circuit shown.

(a) Find the current ;.

(b) Find the current Is.

(c) Find the current I5.

(d) Find the potential difference V, — V},.

a
HD o
3V 5Q
10Q 12V =
ly 3 ﬁ 6V
—>




TTHHTT
CLA00t

3 'y - i E_--
§ rRes

Consider the electric circuit shown.

(a) Find the current ;.

(b) Find the current Is.

(c) Find the current I5.

(d) Find the potential difference V, — V},.

3V 5Q
10Q  12ve=— Py
|_1> |3$ 6V
Solution: DH ° b
(@) 12V + 3V — Il(lOQ) =0 = I = 12—;2/ = 1.5A.
6V

(b) —6V4+12V —I1,(5Q2) =0 = I = o) = 1.2A.

(c) Is =11 + I = 2.7TA.
(d) Vo —V = -6V + 12V =6V.




Find the equivalent capacitances C', of the two capacitor circuits.

3nF 2UF
N N
| |
3nF —_— 3nF ——

2UF
N N
| |
3nF

2uF 2UF —Z




Find the equivalent capacitances C¢, of the two capacitor circuits

3nF

3nF = 3nF =

Solution:

C 3F+(1+1+1)_14F
[ ] = Jan S = 4nr.
d 3nF ' 3nF F

1 1 1\t 4
[ Ceq — ( _|_ _|_ _> — _IJ/F.
2uF  2uF 4+ 2uF  2uF

2UF Z
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Consider a parallel-plate capacitor of capacitance C' = 6pF with plates separated a distance
d = 1mm and a potential difference V=V — V_ = 3V between them.

(a) Find the magnitude E of the electric field between the plates.

(b) Find the amount @Q of charge on each plate.

(c) Find the energy U stored on the capacitor.

(d) Find the area A of each plate. +Q/ _7

W Ve




i

. .I i_._
i
i |

CEECOC T

pn

Consider a parallel-plate capacitor of capacitance C' = 6pF with plates separated a distance
d = 1mm and a potential difference V=V — V_ = 3V between them.

(a) Find the magnitude E of the electric field between the plates.

(b) Find the amount @Q of charge on each plate.

(c) Find the energy U stored on the capacitor.

(d) Find the area A of each plate. +Q/ 7
Solution:
Vo3V , / /
EF=—=——=3000V/m. + -
@) d 1mm /m d

(b) Q = CV = (6pF)(3V) = 18pC. -~

(©) U= %QV — 0.5(18pC)(3V) = 27pJ.

@ A= 29_ (6pF)(1mm) —6.78 X 10~ 4m?2.

o 8.85x 10~ 12C2N—-1m—2




Consider the electric circuit shown. Find the currents I, Is, I3, and 14

4Q




Consider the electric circuit shown. Find the currents I, Is, I3, and 14

I3
V2 29
12V 5 20 v
| 4Q
Solution: ‘_4 W
o [ = & = 2A
202 4 40
o [o = g = 6A.
2Q)

o I3 =14,=11 + 1, = 8A.




Consider the electric circuit shown. Find the currents I, Is, and I3

4\/\/\N_

8Q
=12V 'M
5
— DH
6V
ﬁlz 3V =
4Q




Consider the electric circuit shown. Find the currents I, Is, and I3

Solution:
9
o 12V4+6V -8 =0 = I = ZA:2.25A.

3
© 6V -3V (40)b=0 = L= A=0T5A

e I3 =11 + 1> =3.00A.

4\/\/\N_

8Q
|
= 12V 1
I3
— DH
6V
le 3V =
4Q
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Consider the capacitor circuit shown at equilibrium.

(a) Find the equivalent capacitance Cey.

(b) Find the total energy U stored in the four capacitors.

(c) Find the voltage V. across the capacitor marked by an asterisk.

5nF 6nFx*
|
|

|
|
20V ==

— 1nF

— 10V

OnF =
6nF *

4nF

OnF =

5nF3
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Consider the capacitor circuit shown at equilibrium.

(a) Find the equivalent capacitance Cey.

(b) Find the total energy U stored in the four capacitors.

(c) Find the voltage V. across the capacitor marked by an asterisk.

5nF onF=
| |l
[ [
— 1nE 20V =~ AnF =/ onkF ==
—= 10V
OnF = OnF =—
6nF *
Solution: H
1 1 1\ ! 1 1 1 \ !
Ce — Ce —
? (5nF + 1nF + 6nF + 6nF> ? <4nF + 5nF + InF + 9nF>
= 2nF = 3nF
1 2 1 2
U = 5(2nF)(1OV) = 100nJ U = 5(3nF)(2OV) = 600nJ
10 20
Ve = 3\/' = 3.33V Ve = 3\/ = 6.67V



Consider the resistor circuit shown.
(a) Find the equivalent resistance Ry .

(b) Find the current I flowing through the battery.

(c) Find the voltage V. across the resistor marked by an asterisk.

0 =
20V =

8Q

*

BQ% BQ%

* 6Q

6Q

1Q

— 20V

1Q
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Consider the resistor circuit shown.

(a) Find the equivalent resistance Ry .

(b) Find the current I flowing through the battery.

(c) Find the voltage V. across the resistor marked by an asterisk.

* 6Q 10
8Q % 8Q T
20V = *
6Q
— 20V
3Q % 3Q % 10
| —A\WN—
Solution:
R (1 — 1>_1+3Q+SQ—1OQ R (1 + 1>_1+IQ+1Q—5Q
T80 8N N “CTA\60 60 N
2
_ OV:2A I:20V:4A
1012 52
Vi = (1A)(8Q) = 8V Vi = (2A)(6Q) = 12V
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Consider the RC circuit shown. The switch has been closed for a long time.

(a) Find the current I flowing through the battery.

(b) Find the voltage V- across the capacitor.

(c) Find the charge @ on the capacitor.

(d) Find the current I3 flowing through the 3(Q2-resistor right after the switch has been opened.

4Q 4Q
—\W —\WW

12V = 20 10nF

12V = 10nF = 1Q

S m_ S _mJ
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Consider the RC circuit shown. The switch has been closed for a long time.

(a) Find the current I flowing through the battery.

(b) Find the voltage V- across the capacitor.

(c) Find the charge @ on the capacitor.

(d) Find the current I3 flowing through the 3(Q2-resistor right after the switch has been opened.

4Q 4Q
12V =" 20 10nF L 12VS 10nF= 10
S 30 S 3Q J
MAN— e Ly
Solution:
IB:£:2A Ig = 12V — 1.5A
20 + 402 30 + 12 + 40
Vo = (2A)(2Q) = 4V Ve = (1.5A)(3Q + 1Q) = 6V
Q = (4V)(10nF) = 40nC Q = (6V)(10nF) = 60nC
IgzL:O.SA 13:L:1.5A
20 + 3Q2 30 + 12
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Both capacitor circuits, charged up by batteries as shown, are now at equilibrium. The charge on
capacitor C'; = 6pF [8pF] is Q1 = 18pC [16pF] and charge on capacitor C'y = 8pF [4pf] is

Q4 = 16pC [12pF].

(a) Find the voltage V5 across capacitor C> = 4pF.

(b) Find the emf £ 4 supplied by the battery.

(c) Find the charge @3 on capacitor C3 = 3pF.

(d) Find the emf £ supplied by the battery.

N C2:
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Both capacitor circuits, charged up by batteries as shown, are now at equilibrium. The charge on
capacitor C'; = 6pF [8pF] is Q1 = 18pC [16pF] and charge on capacitor C'y = 8pF [4pf] is

Q4 = 16pC [12pF].

(a) Find the voltage V5 across capacitor C> = 4pF.

(b) Find the emf £ 4 supplied by the battery.

(c) Find the charge @3 on capacitor C3 = 3pF.

(d) Find the emf £ supplied by the battery.

Eg = cC— C

N C2:

Solution:

(8) Qo= Q1 — 18pC, [16pC], Vo = g—j — 45V [4V].

(b) £E4 =V1 + Vo =3V +4+4.5V =75V [2V—|—4V = 6V].

(c) Vs =Vy = % =2V [3V], Q3 =V3C3 =6pC [9pC].

4
(d) Eg =V3=V3 =2V [3V].




Consider the resistor circuit shown with R, = 2 [32], R = 32 [2€2], and R3 = 112.
(a) Find the current Io through resistor Ro.

(b) Find the voltage V3 across resitor R3.

(c) Find the power P; dissipated in resistor R;.

(d) Find the equivalent resistance R.,.

= 12V R,
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Consider the resistor circuit shown with R, = 2 [32], R = 32 [2€2], and R3 = 112.
(a) Find the current Io through resistor Ro.

(b) Find the voltage V3 across resitor R3.

(c) Find the power P; dissipated in resistor R;.

(d) Find the equivalent resistance R.,.

= 12V R,

Solution:
12V 12V R3
@) L= 2V _3a [—:4A].
3+ 10 20 + 102

(b) Vs = (3A)(10Q) = 3V [(4A)(1Q) = 4V].

12V)? 12V)?2
(c) Plz( ) — 72W (12V) — 48W | .
20) 30
1 1 -1 4 1 1 -1 3
d Re — :—Q :_Q
(@) Feq <2Q+SQ+1Q> 3 (SQ+2Q+1Q> 2
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Consider the electric circuit shown. Find the currents I, Is, I3, 14 when ...

(a) only switch S 4 is closed, (a) only switch S is closed,

(b) only switch Sz is closed, (b) only switch Spg is closed,

(c) switches S 4 and Sp are closed. (c) switches Sp and S are closed.
Sa Sg Sc




i
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Consider the electric circuit shown. Find the currents I, Is, I3, 14 when ...

(a) only switch S 4 is closed, (a) only switch S is closed,

(b) only switch Sz is closed, (b) only switch Spg is closed,

(c) switches S 4 and Sp are closed. (c) switches Sp and S are closed.
Sa Sg Sc

Solution:

(@) I1 =0.6A, I = —0.6A, I3 =0, I, =0. (a) I, =0, I =0, Is = —0.4A, I, = 0.4A.
(b) I1 =0, Io =0.2A, Is = —0.2A, I, =0. (b) I, =0, I =0.2A, I3 = —0.2A, I, = 0.

(c) I1 = 0.6A,1I> = —0.4A, (c) I1 =0, Io = 0.2A,
Is = —0.2A, I, = 0. Is = —0.6A, I, = 0.4A.
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Both capacitor circuits, charged up by batteries as shown, are now at equilibrium. Each of the six
capacitors has a 2pF capacitance.

(a) Find the equivalent capacitance of the circuit on the left.

(b) Find the voltages V1, V5, V3 across capacitors C'1, Co, C3, respectively.

(c) Find the equivalent capacitance of the circuit on the right.

(d) Find the charges Q4, @5, Qg On capacitors Cy4, C5, Cg, respectively.




i
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Both capacitor circuits, charged up by batteries as shown, are now at equilibrium. Each of the six
capacitors has a 2pF capacitance.

(a) Find the equivalent capacitance of the circuit on the left.

(b) Find the voltages V1, V5, V3 across capacitors C'1, Co, C3, respectively.

(c) Find the equivalent capacitance of the circuit on the right.

(d) Find the charges Q4, @5, Qg On capacitors Cy4, C5, Cg, respectively.

C1 C4
|
C, Cs Cs
Solution:

1 = i !
1 1 - 12V 12V 6

a) C.y = 2pF = 3pF.

@ Ceo=20F + (ot ) =%

(b) Vi =12V, Vo =V3 =6V

1 1\ ! 4
© = ( +o) = SeF
2pF + 2pF  2pF 3

(d) Qas = Qs = Ceq(12V) = 16pC = Q4 = Q5 = 8pC.




Consider the resistor circuit shown with R; = 50, Ry = 12, and R3 = 3.
(a) Find the equivalent resistance Rq.

(b) Find the currents I, 12, I3 through resistors Ry, R2, R3, respectively.
(c) Find the voltages V1, V2, V3 across resistors Ry, R2, Rs, respectively.

= 12V




Consider the resistor circuit shown with R; = 50, Ry = 12, and R3 = 3.
(a) Find the equivalent resistance Rq.

(b) Find the currents I, 12, I3 through resistors Ry, R2, R3, respectively.
(c) Find the voltages V1, Va2, V3 across resistors R, Rz, R3, respectively.

=12V Ry

R2
Solution:

1 1\t 20 ‘
a) Rey = [ ———— 1+ — — 220 =2220.
@) Feq <1Q—|—SQ+5Q> 9

12V 12V
= — =3A
192 + 30
(C) Vi=R11; = 12V, Vo = Roly = 3V, Vg = R3I3 = 9V.

b) 1 = — =24A Io =1
(b) I 0 , Ir =13

TTHT]

At
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Consider the two-loop circuit shown.

(a) Find the current 1.

(b) Find the current I>.

(c) Find the potential difference V, — V.

AV, 2V
afl af—2
SQ% BV = 30
bl —> -




Consider the two-loop circuit shown.

(a) Find the current ;.

(b) Find the current Is.

(c) Find the potential difference V, — V.

4\ 2V a
afl 0
SQ% 6V =" 3Q
b —> -
N P
Solution:
6V — 4V
6V +2V
(b) I = 3 2.67A.

(c) Vo, —V, =6V +2V = 8V.




Both capacitor circuits are at equilibrium.

(a) Find the charge (21 on capacitor 1.

(b) Find the energy U; stored on capacitor 3.
(c) Find the charge Q2 on capacitor 2.

(d) Find the voltage V4 across capacitor 4.

Cs=3pF

C,=1pF

— C,=2pF
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Both capacitor circuits are at equilibrium.

(a) Find the charge (21 on capacitor 1.

(b) Find the energy U; stored on capacitor 3.
(c) Find the charge Q2 on capacitor 2.

(d) Find the voltage V4 across capacitor 4. ZH‘;V
Cs=3pF
] — C,=2pF
Ci=1pF[ 11
Solution: I I
HD C4: 4p|:
(@) Q1 = C1Vi = (1pF)(24V) = 24pC. 24V
1 1
(b) Us = 5673V32 = 5(3101?)(24\/)2 = 864pJ.
1 1\ ' 4
(c) Caa (02+C4> 5P,
4
Q2 = Q4 = Q24 = CqVoy = (gpF> (24V) = 32pC.
32pC
@) vi= 24 =300 gy
Cy 4pF




In the two resistor circuits shown find the equivalent resistances Ri23 (left) and R456 (right). Then
find the currents I, I2, I3 through the individual resistors on the left. and the currents 14, I5, Ig

through the individual resistors on the right.

— —Mh—
R, =2Q R, =20
—M W —M MWW
R, =2Q R3=2Q Rs =2Q Rg =2Q
14V 14V
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In the two resistor circuits shown find the equivalent resistances Ri23 (left) and R456 (right). Then
find the currents I, I2, I3 through the individual resistors on the left. and the currents 14, I5, Ig
through the individual resistors on the right.

Solution:

o Roz = 20 + 202 = 41, R123:<

1_|_1
200 40

—M

R, =20

MWW\

R,=2Q R;=2Q

_\/\/\/\/_

R, =2Q

A

R5=ZQ

—1
4
3

—1
) =19, Ruise = Ras + Re = 302

L,
20 ' 20
14V 14V
T A, =13 =
20 40
14V
45 = —— = 4.67A, Iy =

= 3.5A

1
Is = 516 = 2.33A

14V

Rg = 20

"!'I'—r"—"'f




In the circuit shown find the currents 17, I2, and the potential difference V;, — V,
(a) if the switch S is open,
(b) if the switch S is closed.

ZQ% ;SHD %39
I
B —




In the circuit shown find the currents I, I, and the potential difference V;, — V,

(a) if the switch S is open,
(b) if the switch S is closed.

ZQ% ESHD %39
\ _ \
[

Solution:

12V
a) [ =10 = — =24A
(@) Ih 2 = 5

Vi — Va = 8V — (2.4A)(29) = —4V + (2.4A)(3Q) = 3.2V.

8V 4V
(0) h=_5 =4A, D=_5=133A, V,—Va=0.

20




Consider the capacitor circu

it shown at equilibrium. (a) Find the equivalent capacitance C¢,. (b)
Find the total energy U stored in the three capacitors. (c) Find the voltage V. across the capacitor
marked by an asterisk. (d) Find the voltage V; across the 1nF-capacitor.

6V

2nF
[l

Io
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Consider the capacitor circuit shown at equilibrium. (a) Find the equivalent capacitance Ce,. (b)
Find the total energy U stored in the three capacitors. (c) Find the voltage V. across the capacitor
marked by an asterisk. (d) Find the voltage V; across the 1nF-capacitor.

6V
Io
2nF 3nF
[l [
[ [
*
InF =
Solution: )
1 1 -
a Ce —
@) Ceq <1nF—|—2nF * 3nF>

(b) U = %(1.51113‘)(6\/)2 = 27nJ

1
() Vi= 6V =3V

d) Vi =6V —3V =3V

= 1.5nF

1 1\ !
+ = 2nF
3nF + InF AnF

(b) U = %(2101?)(8\/)2 — 64nJ

(@) Ceq = (

1
() Vi= 8V =4V

d) Vi =8V —4V =4V



Consider the resistor circuit shown. (a) Find the equivalent resistance R.,. (b) Find the currents

I, and I>. (c) Find the power P supplied by the battery.

4 6V 30 % I 8V
4Q 2Q 3Q
A AW~




TTHHTT
WalE

Consider the resistor circuit shown. (a) Find the equivalent resistance R.,. (b) Find the currents
I, and I>. (c) Find the power P supplied by the battery.

—P | —
I 6V I 8V
1 30 1
4Q 2Q 3Q
— W M-
P 49% %29 1]
Solution:
(@) R —(14—1)_14—39—59 (@) R —(1—|—1>_1—|—3§2—4Q
“\40 40 a “\20 0 20 a
6V 1 8V 1
b) 1 = — =1.2A, I, =—-I; =0.6A b) 1 = — =2A, b =-I =1A
(b) I =0 2= 5h (b) I 0 2= 5h

(c) P=(1.2A)(6V) =T7.2W (c) P=(2A)(8V)=16W

RELEE
|

i




Consider the electric circuit shown.
Find the currents I, Io, I53.

A—

3Q




Consider the electric circuit shown.
Find the currents I, 1>, I53.

A AW
2Q 3Q
= 3V 12V = 3V =
I I
boute

Solution:

12V — I5(29) — 3V =0

9V
= [, = oY —45A
27 920

12V — I3(3Q) 4+ 3V =0

15V
= = 2V _5A.
57 730

I{ = 1> + I3 = 9.5A

A AW—
2Q 3Q
= 3V 12V = 3V =
I
bout e

12V — I5(29) +3V =0

15V
= I, = > —75A.
27 90

12V—I3(3Q) —3V=0
9V
= I3 = — = 3A.
T
I{ = I + I3 = 10.5A




The circuit of capacitors connected to a battery is at equilibrium.

(a) Find the equivalent capacitance Clg.

(b) Find the total energy U stored in the three capacitors.

(c) Find the charge Q¢ on the capacitor on the left.

(d) Find the the voltages V> and V, across the two capacitor on the right.

|

I

I
I

-
T
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The circuit of capacitors connected to a battery is at equilibrium.

(a) Find the equivalent capacitance Clg.

(b) Find the total energy U stored in the three capacitors.

(c) Find the charge Q¢ on the capacitor on the left.

(d) Find the the voltages V> and V, across the two capacitor on the right.

Solution: H S F
1 1\ ! _| BuF H

®) Ceq = <2uF T4 6,uF) = oKk T gy T 4MF

(b) U= %(3,uF)(8V)2 — 96.J. HU

(©) Q6 = (8V)(3uF) = 24uC.

(d) Vo =V4=—-(8V)=4V.

1
2




Consider the electrical circuit shown.

(a) Find the current I; when the switch S is open.

(b) Find the currents I; and I> when the switch S is closed.




Consider the electrical circuit shown.

(a) Find the current I; when the switch S is open.
(b) Find the currents I; and I> when the switch S is closed.

2Q 3Q
4V =
| 5 5Q
Solution: | ?
2 W

(@) I = oV =4V — 0.143A. . DH

40 + 50 + 3Q + 20 ., 6V 4Q
() I = —  —0.667A, I;— — _ — 0384

4Q + 50 T 30+20




This RC circuit has been running for a long time with the switch open.

(a) Find the current I while the switch is still open.
(b) Find the current I right after the switch has been closed.
(c) Find the current I a long time later.

(d) Find the charge @ on the capacitor also a long time later.
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This RC circuit has been running for a long time with the switch open.

(a) Find the current I while the switch is still open.

(b) Find the current I right after the switch has been closed.
(c) Find the current I a long time later.

(d) Find the charge @ on the capacitor also a long time later.

olution: ZQ

o i ‘49 <

() T= —2Y _ _9a. T 12V %
20 + 40

0 112V g L
202 | |
2 + 40

(d) @ = (8V)(7nF) = 56nC.
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The capacitors (initially discharged) have been connected to the battery. The circuit is now at

equilibrium. Find ...

(a) the voltage V5 across capacitor C'z,
(b) the energy Us on capacitor C',
(c) the charge (?3 on capacitor C3,
(d) the equivalent capacitance Ceg.

(a) the voltage V4 across capacitor Cy,
(b) the energy U~ on capacitor C7,
(c) the charge Qg on capacitor Cf,
(d) the equivalent capacitance Ce,.

C4=4UF
Cg,ITBHF
; Cg=6uF
| |
i

|0

18V
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The capacitors (initially discharged) have been connected to the battery. The circuit is now at
equilibrium. Find ...

(a) the voltage V> across capacitor Ca, (a) the voltage V4 across capacitor Cy,

(b) the energy Us on capacitor C', (b) the energy U~ on capacitor C,

(c) the charge @3 on capacitor C'3, (c) the charge Qs on capacitor Cs,

(d) the equivalent capacitance Ceg. (d) the equivalent capacitance Ce,.
Solution:

(@) Vo =12V. (@) V4 = 18V.

1 1
(b) Us = 5(5MF)(12V)2 = 360.J. (b) Uy = 5(7,uF)(18V)2 = 1134uJ.
(c) Cz6 = 2uF (c) Csp = 2uF
= Q3 = Q36 = (12V)(2uF) = 24uC. = Qs = Q36 = (18V)(2uF) = 36uC.

(d) Ceq =C5+ C36 + C2 = 9uF. (d) Ceq =C4 + C36 + C7r = 13uF.
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This resistor circuit is in a state of steady currents. Find ...

(a) the voltage V5 across resistor Ro, (a) the voltage V3 across resistor R3,
(b) the power P, dissipated in resistor R4, (b) the power Ps dissipated in resistor Rg,
(c) the current I3 flowing through resistor R3 (c) the current 14 flowing through resistor Ry,
(d) the equivalent resistance R.. (d) the equivalent resistance Req.
18V R5; =3Q
£ AN—
R4 =4Q R, =2Q
R3 =3Q R, =4Q
Rl =1Q R6 =6Q
VWV— |o
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This resistor circuit is in a state of steady currents. Find ...

(a) the voltage V5 across resistor Ro, (a) the voltage V3 across resistor R3,
(b) the power P, dissipated in resistor R4, (b) the power Ps dissipated in resistor Rg,
(c) the current I3 flowing through resistor R3 (c) the current 14 flowing through resistor Ry,
(d) the equivalent resistance R.. (d) the equivalent resistance Req.
Solution:
(a) Vo = 18V. (@ V3 =12V
18V2 12v2
b) Py = = 81W. b) Ps = = 24W.
(b) Pi=— (b) Po=—2
18V 12V
c) Is = —— = 4.5A. c) I, =— =2A
© 3= 30710 © 11= 5010

1 1 1\ ! 1 1 1\ !
(d) Req=(49+ 4+ ) — 10. (d) Reqz( + 1+ ) — 1.50

10+3Q ' 20 30 20 +4Q ' 69




This two-loop resistor circuit is in a state of steady currents. Find ...
(a) the current I,

(b) the current 15,
(c) the potential difference V, — V},.

7V 11V
|o 01—
1 ¢ 5V =
o MA——MN—
80 60

a

"2

v

11V
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This two-loop resistor circuit is in a state of steady currents. Find ...

(a) the current I,
(b) the current 15,
(c) the potential difference V, — V.

vV 11V a
HD D |:|—<»
l4 ¢ 5V = ¢ P
oM —
8Q 6Q
Solution:
(@ I = WSLQW = +1.5A.
B) I = S = 42.67A,

©) Vi —Vp = —7V + 11V = +4V.

7V 11V
1] o[
llT 5V = ¢|z

b‘W—W
8Q

6Q

7V — 5V
a) [ = —— = +0.333A.
(@) Ih . +

5V + 11V
b) Ib = = +2A.
(b) I 20 +

©) Vo, —Vy =7V +11V = +18V.
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The capacitors (initially discharged) have been connected to the battery. The circuit is now at
equilibrium. Find ...

(a) the charge @4 on the 4pF-capacitor, (a) the charge X3 on the 3pF-capacitor,
(b) the energy U~ on the 7pF-capacitor, (b) the energy Us on the 5pF-capacitor,
(c) the voltage Vi across the upper (c) the voltage Vg across the lower
10pF-capacitor, 8pF-capacitor,
(d) the equivalent capacitance Ceg. (d) the equivalent capacitance Ce,.
| | | | | |
| | | | |
4pF 10pF 8pF L
7p|: __ = oV
s —— 5pF
OV — 10pF 8pF 3pF
| | | | | |




The capacitors (initially discharged) have been connected to the battery. The circuit is now at
equilibrium. Find ...

(a) the charge @4 on the 4pF-capacitor, (a) the charge X3 on the 3pF-capacitor,

(b) the energy U~ on the 7pF-capacitor, (b) the energy Us on the 5pF-capacitor,

(c) the voltage Vi across the upper (c) the voltage Vg across the lower
10pF-capacitor, 8pF-capacitor,

(d) the equivalent capacitance Ceg. (d) the equivalent capacitance Ce,.

Solution:
(a) Q4 = (6V)(4pF) = 24pC. (&) @3 =(9V)(3pF) = 27pC.

(b) Uy = %(7pF)(6V)2 = 126pJ. (b) Us = %(5pF)(9V)2 = 202.5pJ.

1 1
(c) Vio = 2 6V = 3V. (c) Vg = 2 9V = 4.5V.

(d) Ceq = 4pF + TpF + 5pF = 16pF. (d) Ceq = 3pF + 5pF + 4pF = 12pF.

i

I'I'Ili'.'1|;|___|

WATE | AR
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Consider this circuit with two terminals, four resistors, and one switch.

(a) Find the equivalent resistance Réﬁpen) when the switch is open.

' - : losed
(b) Find the equivalent resistance Réﬁj1 osed)

WV

2Q
% 1Q
O—
2Q
. | g

when the switch is closed.

1Q

3Q
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Consider this circuit with two terminals, four resistors, and one switch.
(a) Find the equivalent resistance Réﬁpen) when the switch is open.

(b) Find the equivalent resistance Réﬁllosed) when the switch is closed.
% 10 2Q 1Q 30 ;
o— S I o—— S B
0 Z
% 20 1Q 3Q
W —/\W

Solution:

1 1 -1 3 1 1 —1
Rlopen) _ (— —) — ZQ. Rriopen) _ ( ) = 2Q).
e 1Q+2Q+ 1Q + 20 e +

1 1\ ! 1 1\ ! loged 1 1\ ! 1 1\ !
R(closed) _ (= L L L R(c osed) _ (= L L L
e 10 * 20) * 10 - 20) e 10 H 30 - 10 + 30

12 +302 1Q 4 3Q
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Consider this circuit with two batteries, two resistors, and one switch.
(a) Find the current I when the switch is open.

(b) Find the current I when the switch is closed.

(c) Find the potential difference V, — V;, when the switch is open.

(d) Find the potential difference V,, — V}, when the switch is closed.

15V 12V 15V 16V
ol o]

14 S S TI

MW o W —

5Q 6Q 5Q 2Q)




Consider this circuit with two batteries, two resistors, and one switch.
(a) Find the current I when the switch is open.

(b) Find the current I when the switch is closed.

(c) Find the potential difference V, — V;, when the switch is open.

(d) Find the potential difference V,, — V}, when the switch is closed.

Solution:
15V 16V
(@) I = — = 3A. (a) I = — = 8A.
52 2Q2
15V 12V 16V 15V
b) I = = 3A + 2A = 5A. b) | = — —— = 8A + 3A =11A.
(b) =0 +—6Q + (b) 50 +—5Q +
(c) Vo —V, = 12V. (c) Vo —V, =15V.

(d) Vo — Vi =0. (d) Vo -V, =0.




This circuit is at equilibrium.

e Find the charge Q7 on capacitor C7 [(Q5 on C5].
e Find the energy Us on capacitor C's [U7 on C'7].
e Find the voltages V5, V4 across capacitors Cs, Cy4 [V3, Vg across Cs, Cg].

C5 =5uF
|
Co=2ukF — —— C3=3pF
_ 24V —,
Ca=auk — —— C,=6uF
|
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This circuit is at equilibrium.
e Find the charge Q7 on capacitor C7 [(Q5 on C5].
e Find the energy Us on capacitor C's [U7 on C'7].
e Find the voltages V5, V4 across capacitors Cs, Cy4 [V3, Vg across Cs, Cg].

C5=5|J.F
|
Co=2ukF — —— C3=3pF
_ 24V —,
Ca=auk — —— C,=6uF
|
C,=7uF

Solution:
o Q7 = (24V)(7uF) = 168uC [Qs = (24V)(5uF) = 120uC]

1
o Us = 5(5,uF)(24V)2 = 1440pu] (U7 = =(7TuF)(24V)? = 2016uJ

1

2

o Vo 4+ V4 =24V, Vo(Cy =V,Cy = Vo =16V, V4 =8V
(Vs + Vg =24V, V3C3=VsCs = V3 =16V, Vi =_8V]



Consider the resistor circuit on the left [right].
Find the currents I, I2 [I3, 14] and the potential difference V, — V;, [V — V4]

(a) when the switch Sy, [Sy] is open,
(b) when the switch Sy, [Sy] is closed

a 5Q 3Q b d 6Q 4Q c
AT MM
S Sy
3V 6V 2V oV

—lr—"Ar= =
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Consider the resistor circuit on the left [right].
Find the currents I, I2 [I3, 14] and the potential difference V, — V;, [V — V4]

(a) when the switch Sy, [Sy] is open,
(b) when the switch Sy, [Sy] is closed

N
Sy Sy
3V 6V 2V 5V
Jo—Lc o]
- - —> —>
I 1 > 4 | 3
Solution:
3V + 6V
a) Iy =1 = — = 1.125A, V, -V, =9V.
() 1 2 5Q—|—39 a b
2V + 5V
Is=1y= ——=0.7A, V.—V;=T7V.
|:3 4 69—|—4Q 3 c d :|
3V 6V
b) 1 = — =06A, [ =—=2A., V,—V;, =9V.
(b) I = =5 2T 30 o Te T b

5V 2V
[13 =~ =1.25A, I,=--=0333A, V.—V;= 7V.]
40 60



The switch S of this circuit has been open for a long time. The capacitor has capacitance C' = 6pF
[C' = 4pF]. Each resistor has resistance R = 62 [R = 4€2].

(a) Find the currents I, I2, I5 right after the switch has been closed.
(b) Find the currents I, I2, I3 a long time later

)
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The switch S of this circuit has been open for a long time. The capacitor has capacitance C' = 6pF
[C' = 4pF]. Each resistor has resistance R = 62 [R = 4€2].

(a) Find the currents I, I2, I5 right after the switch has been closed.
(b) Find the currents I, I2, I3 a long time later

S
Ili Izl
36V = R R
|3 R ‘ C ‘
4/\/W‘ N
N
Solution:
(a) no voltage across capacitor: Req = 92 [Req = 6]]
36V 36V
Is=151+Ir=——=4A, @ =12=2A |Is3=11+1,=——=6A, [, =1=3A].
3 1+ 12 00 1 2 [ 3 1+ 12 60 1 2
(b) no current through capacitor: Req = 122 [Req = 8(2]
36V 36V
Ih=1I35=——=3A, Io=0, |[i=13=——=4.5A, I;=0|.
1 37 150 2 [ 1 3 20 2



The circuit shown has reached equilibrium.
The specifications are £ = 12V [18V], C1 = C2 = (5 = 5nF [4nF]

(a) Find the equivalent capacitance Clg.

(b) Find the charge Q2 on capacitor C5. Cl
(c) Find the voltage V5 across capacitor C's.
(d) Find the total energy U stored in the capacitors. C 2
| |
| |
€
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The circuit shown has reached equilibrium.
The specifications are £ = 12V [18V], C1 = C2 = (5 = 5nF [4nF]

(a) Find the equivalent capacitance Clg.

(b) Find the charge Q2 on capacitor C5. Cl
(c) Find the voltage V5 across capacitor C's.
(d) Find the total energy U stored in the capacitors. C 2
| |
| |
Solution:
€ O

(@) Ci2 = C1 + Cy = 10nF [8nF].

1 1\t 10 8
Ceq = ( —|— ) = gnF |:§1’1F:| I I

Ci2 (3
1
(b) Q3 =Q12 =ECeq =40nC [48nC], Q1 = Q2 = 5@12 = 20nC [24n(C].

Q3 Ql Q2
C = —— = 8 12 , — — —
(c) Vs Cs V[12V], Vi =V, e

— 4V [6V].

1
d) U= §Ceq52 = 240nJ [432nJ].




The circuit shown is in a steady state.
The specifications are £ = 12V [18V], R1 = Ry = R3 = 50 [4Q}].

(a) Find the equivalent resistance Regq. RV vy
(b) Find the currents I; through resistor R;. 1 R
(c) Find the voltage V3 across resistor R3. W 2
(d) Find the power P produced by the battery.
Ry, ¢
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The circuit shown is in a steady state.
The specifications are £ = 12V [18V], R1 = Ry = R3 = 50 [4Q}].

(a) Find the equivalent resistance Regq. RV vy
(b) Find the currents I; through resistor R;. 1 R
(c) Find the voltage V3 across resistor R3. W 2
(d) Find the power P produced by the battery.
R3 € _—

Solution: —/\/\/\/\7
1 1\ !

@ Rig=|—+ — = 2.50 [2.0Q2], Req = Ri12 + R3 = 7.582 [6.092].
R1  R3

E
eq
(c) Vs = R3l3 =8V [12V], Vi =Vo = R1I; = Rals =4V [6V].
52

€q

1
(b) I3 =I5 = =16A[3.0A], 1 =1y = -T2 = 0.8A [L5A].

d) P= = Reql3 = 19.2W [54.0W].
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This circuit is in a steady state with the switch S either open or closed.

(a) Find the currents I; and I> when the switch is open.

(b) Find the currents I; and I> when the switch is closed.

(c) Find the voltages V,, — V}, and V, — V. when the switch is open.
(d) Find the voltages V, — V}, and V}, — V. when the switch is closed.

Iw

8V oV
Jo—p—]o

%49 S 30
L o
3V

s
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This circuit is in a steady state with the switch S either open or closed.

(a) Find the currents I; and I> when the switch is open.

(b) Find the currents I; and I> when the switch is closed.

(c) Find the voltages V,, — V}, and V, — V. when the switch is open.
(d) Find the voltages V, — V}, and V}, — V. when the switch is closed.

8V b 6V
1| Jo—r—e HE
% 4Q S 30
Solution: . HD HD c
() = Ip = L FSV =SV 2V 9, oga. 3V 2V
3Q + 40 7
(b) I, = 8V =3V _ 5, 1.25A, Iy = OV =2V _ 4, _ 334,
40 4 30 3

(©) Va—Vp =8V — (1.29A)(4Q) = 2.84V, V; — V. = 6V — (1.29A)(3Q) = 2.13V.
d) Va—V, =3V, V,—V,=2V.

ARERE




The circuit shown has reached equilibrium.
The specifications are £ = 12V [14V], C1 = Cy = C3 = 7nF [5nF]

(a) Find the equivalent capacitance Clg. C 1

(b) Find the charges @1, 2, X3 on capacitors 1, 2, 3, respectively. C3

(c) Find the voltages V1, Va, V3 across capacitors 1, 2, 3, respectively.
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The circuit shown has reached equilibrium.
The specifications are £ = 12V [14V], C1 = Cy = C3 = 7nF [5nF]

(a) Find the equivalent capacitance Clg. C 1

(b) Find the charges @1, 2, X3 on capacitors 1, 2, 3, respectively. C3::
(c) Find the voltages V1, Va, V3 across capacitors 1, 2, 3, respectively.

| |

Solution: |

olution C2

1 1\ ' 7 5 € =

a) Cig = — — = —nF | —nF]. —
(@ Cis (01+C3> 2n |:2Il ]

21 15
Ceq = C13 4+ Co = EHF [?HF]

(b) Q1 =Q3 =EC13 =42nC [35nC|, Q2 = ECy = 84nC [TOnC].

Q@1 _ Q2 _ s

© Vi= - =6VITV], Vo= 2= =12V [14V], Vs = 6V [7V].

1 02 03




The circuit shown is in a steady state.

The specifications are £ = 12V [14V], R1 = Ry = R3 = 7Q [5Q1].
R
(a) Find the equivalent resistance Regq. 1 R3
(b) Find the currents I, I2, I through resistors 1, 2, 3, respectively. W
(c) Find the voltages V1, V2, V3 across resistors 1, 2, 3, respectively. R
2
8 1
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The circuit shown is in a steady state.

The specifications are £ = 12V [14V], R1 = Ry = R3 = 7Q [5Q1].
R
(a) Find the equivalent resistance Regq. 1 R3
(b) Find the currents I, I2, I through resistors 1, 2, 3, respectively. W
(c) Find the voltages V1, V2, V3 across resistors 1, 2, 3, respectively. R
2
8 1
Solution:
1 1\ !
(@) Ri3 = R1 + R3 = 14Q [10A], Reg = ( + ) = 4.67C) [3.33A].
Ri3  R2
E E
(b) I =13 = — = 0.857TA [1.40A], I = — = 1.71A [2.80A].
Ri3 Ro

Vo = Rolo = 12V [14V], V3 = R3l3 =6V [TV].

(c) Vi = R111 =6V [TV],
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This circuit is in a steady state with the switch S either open or closed.
The specifications are £; = 4V [3V], £2 = 6V [7V], €3 = 10V [9V], R = 72 [11Q)].

(a) Find the currents I; and I> when the switch is open.

(b) Find the currents I; and I> when the switch is closed. b
(c) Find the voltages V;, — V, when the switch is open. Iw -t W/\— T | 5
(d) Find the voltages V;, — V,; when the switch is closed. 1 S 1

R I_—l___l_I 82
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This circuit is in a steady state with the switch S either open or closed.
The specifications are £; = 4V [3V], £2 = 6V [7V], €3 = 10V [9V], R = 72 [11Q)].

(a) Find the currents I; and I> when the switch is open.

(b) Find the currents I; and I> when the switch is closed. b
. . - AN
(c) Find the voltages V;, — V, when the switch is open. Iw R T | 5
(d) Find the voltages V;, — V,; when the switch is closed. 1 S 1
Solution: R o &
10V — 4V - e
(@ I =12 = = 0.429A AW a
7Q 4+ 7
9V — 3V
I =1 = = 0.273A
110 4+ 110
6V — 4V 10V — 6V
(b) 1 = ——— = 0.286A, Ix = = 0.571A
7Q 7Q
I = (A 0.364A, Iy = N =TV 01824
1102 1102

(©) Vi — Vi = (0.429A)(7Q) + 4V = 10V — (0.429A)(7Q) = 7V
Vi — Va = (0.273A)(11Q) + 3V = 9V — (0.273A)(11Q) = 6V]
d) Vb — Vo =6V [V} —Vy=7V]
1512019 [1ISTB-57/60]




The circuit shown has reached equilibrium.

(a) Find the equivalent capacitance Clg.
(b) Find the charges 1, @2, @3, Q4 on the four capacitors.
(c) Find the voltages V1, V2, V3, V4 across the four capacitors.

C1: ZpF

6V =

Cs=1pF =/

C4:

1pF =

[
|
C2=1pF



TTHHTT
WalE

The circuit shown has reached equilibrium.

(a) Find the equivalent capacitance Clg.
(b) Find the charges 1, @2, @3, Q4 on the four capacitors.
(c) Find the voltages V1, V2, V3, V4 across the four capacitors. C,=2pF

6V = Cs=1pF == G,=1pF =

[
|
C2=1pF

Solution:

1 1 1\t 1
a) Cyy =0C Cy =2pF, Ceq = — —pF.
(@) Cs4 34+ Cy p q (Cl—l-034—|—02> 2P

(b) Q1 =Q2=Q34 =Ceq(6V) =3pC, Q3 =Q4 = %Q34 = 1.5pC.

) Vi = 2L =15V, v2—@=3v, V3:%:1.5V, vi= 915y

1 e C3 Ca

3 'y - i E_--
§ rRes
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The circuit shown is in a steady state with the switch S either open or closed.

(a) Find the equivalent resistance R., when the switch is open.
(b) Find the currents I; and I> when the switch is open.

(c) Find the equivalent resistance R., when the switch is closed.
(d) Find the currents I; and I> when the switch is closed.

18V = 0 =11 I
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The circuit shown is in a steady state with the switch S either open or closed.

(a) Find the equivalent resistance R., when the switch is open.
(b) Find the currents I; and I> when the switch is open.

(c) Find the equivalent resistance R., when the switch is closed.
(d) Find the currents I; and I> when the switch is closed.

2Q 30
Solution: 4/\/\/\/\—'—/\/\/\/\7
18V =" 39% | |
(a) Req:2Q+3Q+3Q—|—ZQ:1(}Q, e \Ll \L 2
) I, =0, I= 18V _ 18A 4/\/\/\/\4/18_/\/\/\/\7
1 - 9 2 I 1OQ —_— . .
. . 20 3Q
C) Req =29 —  — 20 = 6.
(©) Fieq +(3Q+SQ+SQ> i
(d) Ilzg:2A, 12:&:1A
3Q2 30 + 30
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This circuit is in a steady state with the switch S either open or closed.

(a) Find the currents I; and I> when the switch is open.
(b) Find the voltage V,, — V}, when the switch is open. |5 4\
(c) Find the currents I; and I when the switch is closed.

(d) Find the voltage V, — V} when the switch is closed.
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This circuit is in a steady state with the switch S either open or closed.

(a) Find the currents I; and I> when the switch is open.
(b) Find the voltage V,, — V}, when the switch is open. |5 4\

(c) Find the currents I; and I when the switch is closed. /I
S

(d) Find the voltage V, — V} when the switch is closed.
10 \Q/ % 4Q)

Solution: b HD
4
(a) ]1:]2:M:2A. 6V I1
19 4+ 492
(b) Vo —Vp = —(1Q)(2A) +4V =2V, Vy —V, = —6V + (4Q)(2A) = 2V,
-2 4 2
© ="V _ A VT2V _ga
4€) 102

(d) Vo — Vi = —2V.

RELEE
i |
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