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PHYS 2135 Exam Il
March 22, 2022

Exam Total

Name: Section:

1200

For questions 1-5, select the best answer. For problems 6-9, solutions must begin with
an Official Starting Equation, when appropriate. Work must be shown to receive credit.
Calculators are not allowed. Use appropriate units. Provide answers in terms of given
variables and fundamental constants.

(8)

(8)

C 1. A parallel plate capacitor with an air gap holds a charge Q, when

connected to a particular battery. While the capacitor is still connected to the
battery, the gap is filled with a dielectric with k > 1 and now holds a charge Q.

Select the correct statement.

[A] QF < Qo

[B] @ = Qo

[C] QF > Qo

[D] There is not enough information provided to select one of the other answers.

B 2. Which of the following is a valid

application of Kirchhoff's Loop Rule for the given

circuit with the current directions indicated? 1

[A] Vs — ;R + LR, = 0 Vi h ; Ri bl >R,
[B] _IlRl + IZRZ = 0 IT

[C] _IlRl - IZRZ = 0 R

[D] Ir =15 +1,

C 3. RC circuit 1 consists of a 8V battery, a 24uF capacitor and a 3000

resistor and gains half of its total charge in time t;. RC circuit 2 consists of a 4V
battery, a 24uF capacitor and a 15004 resistor and gains half its total charge in
time t,. Select the correct statement.

[Al t, <t

[B] t1 =t;

[C]l t: > ¢,

[D] There is not enough information provided to select one of the other answers.

A 4. Acurrentloop is in a region of uniform magnetic fieldas r—————~ I

illustrated. Select the correct statement.

[A] The potential energy is at the minimum.
[B] The potential energy is zero.

[C] The potential energy is at the maximum. L ]
[D] The potential energy is infinite.

5. (Free) True or False, “Current students should
not be forced to field these silly free questions. They can 140
reach their potential by exercising their power to resist.”




6. When an air-filled parallel plate capacitor is connected to a power supply the
energy stored in the capacitor is Up. The capacitor is kept connected to the
supply while a dielectric slab with dielectric constant k is inserted into and
completely fills the space between the capacitor plates. This increases the
energy stored in the capacitor by AU.

(20) Determine the dielectric constant k of the slab in terms of AU and Uo?

1 1 AU
U0+AU:ECfV2:EKCOV2:KUO K=1+U—O
Uo+AU _ «
Uo
7. A rectangular wire made from a material XA

with resistivity p = 5.00 x 107 Q-m has
sides of length 2.0 cm, 1.0 cm, and 4.0 cm
along the x, y, and z axes respectively. A 2.0 cm
potential difference of 2.0 mV is ’
established across the wire so that the > Z
current is along the z axis.

1.0 cm

4.0 cm

(20) Determine the magnitude of the
current density in the wire.

J =1x10°A/m?

]_I_V_VA 14
T A AR ApL pL
J 2x1073V

T (5%x10~7Q-m)(4x10~2m)
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(15)

(15)

(10)

Consider the illustrated circuit. The battery has an
internal resistance r = 20Q). The other resistors have
resistances R; = 8Q, R, = 9Q and R; = 150Q.

a. Determine Ry the equivalent resistance for
the circuit, including the internal resistance
of the battery.

R23:R2 +R3:9Q+1SQ:24Q

1 1\~ 1 1\71
Rm—(awl) = (Gatam) =60

R, =90 R, =150

A —MA—

RE=T+R123=2.Q+6.Q

Rg = 8Q

b. The rate at which energy is dissipated in R, is 36W.
current through R;, and V3, the potential across R;.

Determine I, the

P. 36W
IZ:JR:EZ\IEZZA ly = 6A
I = Vi _ Voz _ Ip3Rp3 _ IpRag (2A)(24 ) _ 6A V3 =30V
1R, R, R, R 80
C. R, is made of a material with a resistivity temperature coefficient of

0.005/°C. Determine the final resistance of R if it heats up by 100°C.
Note that the initial resistance prior to heating was R;; = 81.

L L
Rif=p~= Po;[l + aAT] = Ry;[1 + aAT]

Ry = (82)[1 + (0.005/°C)(100°C)] = 120

Ry; =120
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(8)

(12)

(12)

A circuit consists of a battery with an emf £ and C
an internal resistance of r, a resistance R, and a

capacitance C, as shown. The capacitor is not ba,:d-e-ryj:-: / |
initially charged. Give your answers only in
terms of €, r,C and R.

a. What is the initial current through the : '
resistors immediately after the switchisset | g :
to position ‘A’?

=R _EVe & OR 1:%[Qf(1_e—t/RrC)] c

R+71 R+1 R+7

I:&e_t/RC:ie_t/RC:i R+r
RTC RT R+1
b. How long does it take for the capacitor to be charged up to 2/3 of the final
charge?

2h _ —t/IRTC t _ 1
30 = Q1 —e7r) ~7e=0n(3) t=(R+rCh@)

—t/Rpc _ 1 _ 1
e /Rt —; t——RTCln(g)

The switch is set to position ‘B’ after the capacitor is charged for a long time.

C. What is the charge on the capacitor right after the switch is set to ‘B’?
Q=CV,=CE Q =CE
d. How long does it take for the power dissipated in R to be 1/4 of its initial

value after the switch is set to position ‘B’?

1, _p_VE_VE_ @ _ Q ( —t/rc\2 _ —t/RC?
sPo=P =g = == e (e777) = Po(e™)

In (l) =-L t = RCIn(2)
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10.

(10)

(10)

(10)

(10)

A single rectangular current loop carries a
counter-clockwise current I, in a region of
uniform magnetic field B = Byi. One side of
the loop has length 2a and is parallel to the x-
axis and another side has length a and is

2a IDQ\J‘

parallel to the y-axis. > B
a. Determine the magnetic force
(magnitude and direction) on the
top side of the loop. Fiop =0
F=ILxB
Frop = Ip2a(=1) X Byl
b. Determine the magnetic force (magnitude and direction) on the left side
of the loop.
-> - - ﬁleft = IOaBOE
F=ILXB

C. Determine the torque (magnitude and direction) on the loop.
T=AxB ? = 210a2B,j
7= NIA X Byl

7 = 1,(2a®)k x Byl

d. Determine the potential energy of the loop.

U=—ji-B

U=—1,2a®)k - Byl
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