Application of Physics Il for

Final Exam



Question 1

Four resistors are connected as shown in Figure.
(A)Find the equivalent resistance between points a and c.

(B)What is the current in each resistor if a potential difference of 42 V is

maintained between a and c?
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Question 2

Three resistors are connected in parallel as shown in Figure. A potential
difference of 18.0 V is maintained between points a and b.

(A) Calculate the equivalent resistance of the circuit.

(B) Find the current in each resistor.
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Question 3

A single-loop circuit contains two resistors and two batteries as shown in

Figure. (Neglect the internal resistances of the batteries.)
a) Find the current in the circuit.

b) What is the power, spended in each resistors.
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Question 4

Find the currents I1, 12, and I3

in the circuit shown in Figure.
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Question 5
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SECOND WEEK



Question 1

A parallel-plate capacitor has plates of dimensions 2.0 cm by 3.0 cm separated
by a 1.0-mm thickness of paper.

(A) Find its capacitance. (k=3.7 for paper)

(B) What is the maximum charge that can be placed on the capacitor? (dielectric

strength of paper 16x10° V/m.)



Solution 1

E()A
d

C =k

_ 7( (8.85 X 10”12 C?/N-m?) (6.0 X 10~ * m?) )
o 1.0 X 10~ °m

20 X 107 12F = 20 pF




Solution 1

AV, . = E...d= (16 X 10°V/m) (1.0 X 1073 m)
=16 X 10°V

Hence, the maximum charge is

O max = C AV = (20 X 107 12F) (16 X 10°V)

= 0.32 uC



Question 2

An isolated charged conducting sphere of radius 12.0 cm creates an electric field
of 4.90x104 N/C at a distance 21.0 cm from its center.

(a) What is its surface charge density?

(b) What is its capacitance?



Solution 2

K 490 x10* N/C)(0.210 m)*
g el q=( ) —0.240 4C
2 9 2 2
r (8.99x10” N-m?/C?)
-6
(El) o= i _ 0.240 x 10 _[133 ‘LZC/IIIZ

A 470120

(b) C =47 & r=47(885x107%)(0.120)= [ 13.3 pF




Question 3-4

Two capacitors, C1=5.00 uF and C2=12.0 uF, are connected in parallel, and
the resulting combination is connected to a 9.00-V battery.

(a) What is the equivalent capacitance of the combination?

(b) What are the potential difference across each capacitor and (c) the charge
stored on each capacitor?

What If ? The two capacitors of above the Problem are now connected in series
and to a 9.00-V battery.

Find (a) the equivalent capacitance of the combination, (b) the potential
difference across each capacitor, and (c) the charge on each capacitor.



Solution 3

(@) Capacitors in parallel add. Thus, the equivalent capacitor has a value of

Coy =Cy +Cy =5.00 uF +12.0 uF =] 17.0 4F |.

(b) The potential difference across each branch is the same and equal to the voltage of the
battery.

AV =900V

(©) Qs = CAV = (5.00 uF)(9.00 V)=[45.0 uC

and Q,, = CAV = (12,0 4F)(9.00 V)=[ 108 xC

Chapter 26



Solution 4

(a) In series capacitors add as
1 1 1 1 1
=—+—= +
Coy €1 Cyp 500uF 120 4F
and Coq=| 353 uF |.
() The charge on the equivalent capacitor is Qpy =C AV =(3.53 4F)(9.00 V) =318 uC.
Each of the series capacitors has this same charge on it.
So Q1:Q2: SISJMC .
(b) The potential difference across each is AV, = < _ A8 uC 635V
C; 5.00 uF
and AV, = O, _318uC =257

Chapter 26



Question 5

Four capacitors are connected as shown in Figure.
(a) Find the equivalent capacitance between points a and b.

(b) Calculate the charge on each capacitor if AVab=15.0 V.

15.0 uF  3.00 uF
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Solution 5

(a)

1_1 1
C, 150 3.00
C. =250 4F

C, =2.50+6.00 =850 uF

-1
1 1
C&‘l‘f = + =
850 uF  20.0 uF

Q=CAV =(5.96 uF)(15.0 V)=

T C 200 4F
15.0— 447 =1053 V

Q=CAV = (600 uF)(10.53 V)=

Q_895 i =447V

89.5-63.2=| 26.3 1C

5.96 uF
89.5 4C | on 20.0 uF
63.2 1C | on 6.00 uF

on 15.0 uF and 3.00 wF

HE-

20.0
uF

HE-

20.0
uF

o—f—}—

8.50
ukF

20.0
uF



Question 6

An air-filled capacitor consists of two parallel plates, each with an area of 7.60
cm?, separated by a distance of 1.80 mm. A 20.0-V potential difference is

applied to these plates. Calculate

(a) the electric field between the plates,
(b) the surface charge density,

(c) the capacitance, and

(d) the charge on each plate.



Solution 6
(a)

(d)

98.3 nC/m?

AV =Ed
— Vj =[11.1 kV/m
1.80x107> m
E=2
=
o=(111x10* N/C)(885x107"* C*/N-m?)=
e, A (885%x1072 C?/N-m?)(7.60 cm® )(1.00 m/100 cm)’
C = =
d 180 x10™° m
av=4
C

Q=(20.0 V)(s.m x1072 F)=[747 pC

=[3.74 pF




Question 7

In a particular cathode ray tube, the measured beam current is 30.0 A.

How many electrons strike the tube screen every 40.0 s?



Solution 7

[= % AQ = IAt=(30.0x107° A)(40.0 5)=1.20x107 C
-3
N = Q_ 1'20_;10 ¢ =] 7.50x10" electrons
e 160x10"" C/electron




Question 8

Calculate the current density in a gold wire at 20 C, if an electric field of 0.740

V/m exists in the wire.

Solution 8

] =oF = =(3.03x107 A/m?

E 0.740 V/m (IQ—A]
P 244x107° Q-m

1V




Question 9

A 0.900-V potential difference is maintained across a 1.50-m length of
tungsten wire that has a cross-sectional area of 0.600 mm? . What is the

current in the wire?



Solution 9

AV =R
and R:'O—f:
A
AV:E:
A

A =(0.600 mm)z(

|

]=

1.00 m
1 000 mm

2
] =6.00x10~7 m?

AVA (0900 V)(6.00 %107 m?)

pl

(5.60x10™ Q-m)(1.50 m)

6.43 A




Question 10

Figure shows six concentric conducting spheres,

A, B, C, D, E, and F having radii R, 2R, 3R, 4R, bR, and
6 R, respectively. Spheres B and C are connected by a
conducting wire, as are spheres D and E. Determine the
equivalent capacitance of this system.




Solution 10

Positive charge on A will induce equal negative charges on B, D, 1 1 1
and F, and equal positive charges on C and E. The nesting spheres ATBCTDETE J_
form three capacitors in series. From Example 26.3, =

s R(2R) 2R

{:’ —_ —_ —_
ATk (b-a kR K,
. _(3R)(4R) _12R
TR k,
o (5R)6R) 30R
TRk,
C. - 1 _|60R
T k/2R+k /12R+ k,/30R |37k,




Question 11

Compute the cost per day of operating a lamp that draws a current of 1.70 A
from a 110-V line. Assume the cost of energy from the power company is
$0.0600/kWh



Solution 11

9 =1(AV)=(170 A)(110 V) =187 W

Energy used in a 24-hour day = (0.187 kW)(24.0 h) = 4.49 kWh

=%$0.269 =| 26.9¢

- cost = 4.49 KWh $0.0600
kWh



Question 12

The heating element of a coffee maker operates at 120 V and carries a
current of 2.00A. Assuming that the water absorbs all of the energy delivered
to the resistor, calculate how long it takes to raise the temperature of 0.500kg

of water from room temperature (23.0° C) to the boiling point.



Solution 12

?=IAV =(2.00 A)(120 V) =240 W

AE;, =(0.500 kg)(4186 J/kg-°C)(77.0°C)=161 k]
AE,

1.61x10° ]
ﬂf —_ int _
% 240 W

=| 6725




Question 13

The quantity of charge ¢ (in coulombs) that has passed through a surface of
area 2.00 cm? varies with time according to the equation q = 4t3+ 5t + 6,

where t is in seconds.
(a) What is the instantaneous current through the surface at t =1.00s?

(b) What is the value of the current density?



Solution 13

q=4f3+5t+6

A=(200 cmz)[

(@) 1(1.00 s) = i—‘g

b)

1.00 m
100 cm

- (125*’*3 t 5)

2
] =200x107* m?

f=1.00 s

I 170A
A 200x107F m?2

85.0 kA/m*

17.0 A




Question 14

Determine the current in each branch of the circuit shown in Figure
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Solution 14 3.00 Q

WY
h L {
'l' l‘ 500 1.00 ]
(2 €2 3
8.00 19 1
€2 1207
4.00 V
We name currents I, I, and I; as shown. ¥

From Kirchhoff’s current rule, I, =1, +1,.

Applying Kirchhoff's voltage rule to the loop containing I, and I3,

120 V - (4.00)I; - (6.00)I, — 400 V=0

8.00 = (4.00)I; +(6.00)I,

Applying Kirchhoff's voltage rule to the loop containing I; and I,,
—(6.00)I, —4.00 V +(8.00)[; =0 (8.00)1; = 4.00 +(6.00)1,.



Solution 14

Solving the above linear system, we proceed to the pair of simultaneous equations:

and

|

and to the single equation 8 =41, +13.31; - 6.67

L _lazy
71730
I:'i:Il +Iz

8=411 +4Ig +613
81’1 =4+613

=(0.846 A.

or

Then

give

8 =4I, +101,

I, =1.331, -0.667

I, =1.33(0.846 A) - 0.667

[, =846 mA, I, =462 mA, I, =131 A |.

All currents are in the directions indicated by the arrows in the circuit diagram.




Question 15

Taking R=1.00 kQ and €=250 V in Figure, determine the direction and

magnitude of the current in the horizontal wire between a and e.

R 2R




Solution 15

Label the currents in the branches as shown in the first figure.
Reduce the circuit by combining the two parallel resistors as shown

in the second figure.

Apply Kirchhoff’s loop rule to both loops in Figure (b) to obtain:
(2.71R)I; +(1L.71R)I, = 250

and (L.71R)I; +(3.71R)I, =500 .

With R =1000 Q, simultaneous solution of these equations yields:



b ) ﬁv c %ﬂﬁ q
250 I
: 12 TV
Solution 15 ; _l' I
{ : =1.71R 'TE
!-?'.: ¢
(b)
With R=1000 Q, simultaneous solution of these equations yields:
I, =10.0 mA
and I, =130.0 mA.
From Figure (b), V.-V, =(l; +1,)(L71R)=240 V.
Thus, from Figure (a), I, = VeV, 240V _ 60.0 mA.
4R 4 000 Q
Finally, applying Kirchhoff's point rule at point a in Figure (a) (a)
gives:

I=1,-1; =60.0 mA -10.0 mA =+50.0 mA,

or I'=150.0 mA from pointa to pointe |.




Question 16

For the network shown in Figure, show that the resistance Rab=(27/17)Q.

1.0 1.0 Q

W




Solution 16

AV, = (1.00)I, +(1.00)(I, —1,)

AV, =(1.00)I; +(1.00)I, + (5.00)(I - I, +I,)
AV, =(3.00)(I-1;)+(5.00)(I -1, +I,)

Let [=1.00A, I, =x,and [, =y.

1.00 —1, 1.00
Then, the three equations become: L Q _Il, 11_1,2 Q _I, b
O

AV, =200x-vy,or y=2.00x-AV
AV, =—-4.00x+6.00y + 5.00
and AV_, =8.00 -8.00x+5.00y.




Solution 16

Substituting the first into the last two gives:
7.00AV,, =8.00x +5.00 and 6.00AV,, =2.00x +8.00.

Solving these simultaneously yields AV, = 27 V.

17

AVy Y 27

Then, R, =

= or
I 1.00 A 17

Rnb:— Q




Question 17

Using Kirchhoff’s rules, (a) find the current in each resistor in Figure. (b) Find

the potential difference between points ¢ and f. Which point is at the higher

potential?
, . 100 kQ
» » "i.,.l'l.lul'l.,. »
El _Eﬁ HH _E:a
T 00V Teo.0v Tao.0v

Ry g:s.{m k()

2,00 k2
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b ¢c 4.00kQ d

Solution 17 f I, Vl\éw T
Lle Ve, ™ gl
T70.0V 160.0V T80.0
R,2300kQ | ©
2.00 kQ
MWW
a R, € f

We name the currents I, I,, and I; as shown.

[1]  70.0-60.0—1I,(3.00 kQ)—I,(2.00 kQ)

0

[2]  80.0-1I,(4.00 kQ)—-60.0 - I,(3.00 kQ)=0



Solution 17

(a) Substituting for I, and solving the resulting simultaneous
equations yields

I, =| 0.385 mA | (through R, )

I3 =|2.69 mA | (through R;)

I, =|3.08 mA | (through R,)

b) AV, =-60.0V—(3.08 mA)(3.00 kQ)=] -69.2 V

Point cis at higher potential.
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Question 1

In the circuit of Figure, determine the current in each resistor and the voltage

across the 200-Q resistor.

4O0V— 360V J‘ 8O0V—

200 Q 80 Q 20 Q 70 Q




Solution 1

Name the currents as shown in the figure to the right. Then w +x+z=y. Loop
equations are

- -

200w —40.0+80.0x=0 ( 4+ |
w X ] z

—80.0x+40.0+360-200y=0 \ | 4 )

+360 - 20.0y -70.0z +80.0=0

40 V—= 360 V_J' 80V—

2009§ 809§ 209§ 7OQ§




Solution 1

, Eliminate y by substitution.
x = 2.50w + 0.500

400 ~100x — 20.0w — 20.0z = 0
1440 — 20.0w - 20.0x —90.0z =0

350 - 270w — 20.0z = 0
<
1430~ 70.0w - 90.0z =0

.

Eliminate x.

Eliminate z=17.5-13.5w to obtain
430-70.0w—-1575+1 215w =0



700
70.0

1.00 A upward in 200 Q

z=|4.00 A upward in 70.0 Q

x=|3.00 Aupward in 80.0 Q

y =|8.00 A downward in 20.0 Q

AV = IR = (1.00 A)(200 Q) =] 200 V |.




Question 2

A dead battery is charged by connecting it to the live battery of another car
with jumper cables. Determine the current in the starter and in the dead

battery.

§ 0.01 Q § 1.00 ©
0.06 Q

Starter
+ +
—_r— 12V —_|_— 10V
Live Dead

battery battery



Solution 2

Using Kirchhotf’s rules,
12.0-(0.010 0)I; = (0.060 0)I5 =0
10.0+(1.00)I, —(0.060 0)I5 =0

12.0 - (0.010 0)1,, — (0.070 0)I; =0
10.0+ (1.00)1, — (0.0600)I5 =0

Solving simultaneously,

12:

Live Dead
battery battery

0.283 A downward

in the dead battery

171 A downward

in the starter.

0.0600
Q2

Starter



Question 3

Consider a series RC circuit (see Fig.) for which R=1.00MQ, C=5.00 uF, and
€=30.0V. Find (a) the time constant of the circuit and (b) the maximum
charge on the capacitor after the switch is closed. (c) Find the current in the
resistor 10.0s after the switch is closed.

R=1.00x10°Q
WW—

C ==5.00 uF

i :;/l:
_IS S



Solution 3

(a)

(b)

(<)

RC = (1.00 x10° Q)(5.UU x107° F): 500 s

Q=Ce=(5.00x10"° C)(30.0 V) =] 150 4C

o )
(t)= e

30.0

1.00 x 10°

-10.0

w

1.00 x 106)(5.00 x107°

J

406 LA




Question 4

A 2.00-nF capacitor with an initial charge of 5.10 uC is discharged through a
1.30-kQ resistor.

(a) Calculate the current in the resistor 9.00 us after the resistor is connected

across the terminals of the capacitor.
(b) What charge remains on the capacitor after 8.00 us?

(c) What is the maximum current in the resistor?



Solution 4

(a)

I(t)=—I,e /"¢
Q 5.10

10°° C
. ~1.96 A

Ly

I(t)=—(1.96 A)exp

q(t)= Qe "R = (5.10 uC)exp

The magnitude of the maximum current is [, =| 1.96 A |.

" RC (1300 0)(2.00x10~ F

—9.00x107° s

(1300 Q)(2.00x10~ F)

—61.6 mA

—8.00x107° s

(1300 ©)(2.00 10~ F)

0.235 uC




