Physics 102H Midterm test #3
April 12 2024

Name (please print): _ Solutiong

This test is administered under the rules and regulations of the
honor system of the College of William & Mary.

Signature:

Final score:

Some useful constants

k=138x102J/K NaA=6.022x102® R=kNa=8315)/mol+K 0°C=273K

one atmosphere = 760 mm Hg = 10° Pa 1cal=4.186J lamu = 1.66x107kg
e=1.6-10"° C £0=8.84-10712 CY/Nm? k=9-10% Nm?/C? K=—

4ne
wo=4n- 10”7 H/m

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 1 (35 points)

a) A circular loop of wire with radius R=0.25m carries constant current electric current /;=1.2A
counterclockwise. What is the direction and magnitude of the magnetic field in the center of the
loop?

o 2uRI - ful
B by T T SR = 302.46°T
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B

b) A long straight wire is placed tangentially to the loop. Find the
direction and the magnitude of the electric current in the wire Iz @ I,

required to null the magnetic field in the center of the loop.

.éz (Srom e Wwire) = ‘ude 4l que
Bz,'—'—g\

}_‘f% _ Pﬁ% => T,>T-T,= 3.36h
2
x " do e left

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



c) If the straight wire and the loop are in the same plane, indicate possible effects of the straight
wire current on the loop. Circle the correct choice and, when appropriate, provide the direction.

PB i} There is a net force on the loop: No

indicate the direction)
@B
> ii) There is a net torque on the loop

.ﬁ Yes (indicate the rotation direction)
v B

» Siner maginebe Leld e Shrougar  eloter 4o Howire
e ued Hree e oward 4o wive (down) “

) Oue of possible  explanations: )] v out of e page
aud  parale| ¢ B , Se T =/'.;‘,E it Bero

d) If the straight wire is perpendicular to the plane of the loop, indicate possible effects of the

straight wire current on the loop. Circle the correct choice and, when appropriate, provide the

direction.
I i) There is a net force on the loop: Because ot Hee Samnmﬁ
'f:‘ Yes (indicate the direction) all go reeg
cauneel auk
ii) There is a net torque on the loop: No
indicate the rotation direction)
-y
&

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 2 (25 points)

: . The figure shows a top view of a bar that can slide without friction. The
———— resistor is R=6.0 ©, and a magnetic field B=3.20 T is directed out of
R é E—' the page and fills the whole area. The length of the bar is /=7.20 m.

(a) Calculate the applied force required to move the bar to the right ata

P " *  constant speed v=23.3 m/s.
= BL-x € = BLv =12.63V
a® T= €4 . B = 2uA
=B E -8 iR Reagt,
F- 1te-= = guN

(b) What is the direction of the induced current?

Sinee e lux ie Wcreasing, Mo geuerated  curreut
will  Create  wmoaquedic  fiold opposing o exisig o
Thus 4 Llows crugdsa clockwise

(c) At what rate is the energy dissipated at the resistor? Show that this value matches the power

required to move the bar with the constant speed.

Dissipated euorqy rate (power) P-13R = BLv*

Power

M of e a.?p\\e& Soren P.- R.y= B’(’Fv’-

P 26306 Watte

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 3 (40 points)
In the electric circuit below, the switch is closed at time ¢<0, so that constant current flows
though the battery. The switch is open at =0 (i.e. no current through the battery for > 0).

20k a 04H b a) What are the steady-state (¢ <0) currents in the resistors R; and R,?

R, Lol T\ (t<o) = g/g‘ = 0.0035A = 1 E6wA
1 ———
. I, th<o) - €/R2= 0.003A = 3mh
=5
15Vl b) What are the current and the voltage drops across the resistors R;
T2l <o)
— and R immediately after =0?
m at £=0+ e Cuvrewdt &roual. L awd R.
R,

does wot chauge 1 Tz €/, =1Swh, Vg IR - ISV

Currewt dhrough T, v e soue e I, 235wA
TOT Ve TRy s sV
R

c) Make a free-hand graph of the currents in the resistors R; and R> as a function of time

R L

(including both #<0 and r=0).

Cuveentd %rauah R
It c\/\au%os clire cHoy
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L 4

- 3wmh

d) At what moment after 10>0 does the current in R, have the value y=2mA?
LR civeund L -5
L R“}’ RitRy= 3 a2 Te® /R%:-.SR-\U s

W =T, e

Yy
2wk~ ISwA €

a‘u sl“ A ‘) -5
- = 3.55-W 4

t= 1T LR QN\ L 2w h U

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use

calculators only for simple arithmetical operations.
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e) Let’s imaging that resistor R; is replaced by a capacitor C long before the switch is open.
Sketch the current in the resistor R; as a function of time (including both <0 and £>0) and

qualitatively explain its behavior.

t<0! 4 C-(l?ac.‘.*or s &l\ﬁ cltq,pg..d,

ho gf‘—l“t‘-ett{r %lamu.ah that  brauch
O Te s /R

1>0° owee 4l Switch is closed,

1= Carrewk wit  start £low:uﬁ, dtsduu*&}ua
o capaciter, aud Wm%&wﬁ
e slored  elecdrical ehorrq Y from
e capacdr do e  luduckor
aud dlen back — oSc&(lana elrew b,

Sy -

Howew,r) gw&& ehergy s loct  at ¢
V‘%ig{nr’ e oscill astions d—‘—‘—"—j

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



