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1. Lecture multiple choice (43 pts.) ANSWER ON SCANTRON SHEET.

For questions 1-3, four resistors are connected to an ideal battery as shown. After
" the switch is closed, the system quickly reaches a steady-state condition so that all

currents are constant. Use the following values: Ry
Ri = 10Q, Rz = 202, Rs = 302, Ry = 6092 +—K
9.0V —
ReQ Rg R
1. (3 pts) Which choice best represents the equilibrium T

potential difference across Rz? :
A. 3.0V 2
B. 4.5V qQV 2° = ﬂ\/’,g = 6\

6.0V
%:.)7.5\/ 20 + 10

E. 9.0V

2. (3 pts) What is the ratio between current flowing through resistor Rs and R3?
Current through Rs / Current through Rsis given by: 2
3

B 2 Ty . VAL .
?%.25 T4 Rq v 1
E. 4

3. (3 pts) Which choice best represents the equivalent resistance of the four

resistors? \ ‘ \
A. 100 Q + oL = = 4
B. 0.092 Q
C. 47 Q Ry R 30Q G 0L p,_’\
D. \L . :
£ 12 l

3ol
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Questions are related. A circuit schematic is I
shown to the right. Before t = 0, the switch S is in —
the open positions. For t > 0 the switch is in the

s +
closed position. R -V

. - Loop 1 B

4. (3 pts) Apply charge conservation (Kirchhoff S

Current Law) after S is closed. What is the
relation between the three currents?
A. 11+ 12+ 13:0

B. 1 = I — - T

L+ =1 Lin ~ .-Lou,(—. lI3
. Iz= 13 I
E. L =1 = V=0

5. (3 pts) Which equation applies the Klrchhoff Voltage Law to loop 2 for t > 0?
A 0= LBR+LL+V,
B. 0= LR-Ldl,/dt+V,
C.. 0= LR+Ldl;/dt+V,

(D) 0= LR+ LdlL/dt -V,
E.

6. (2 pts) Fort< O what is the voltage at point P?

A V=0
B. V=2V,
V= Vb'
D. V=1I/R.
E. V=-I/R.
7.(3 pts) Just after the sw1tch Sis closed what is the current »?
A L, =V,/R.
B. I, = —Vb/R.
]2 = Vb/ZR
D) I, =0.
E. I, =-V,/2R.
8. (2 pts) In the large t limit, what is the current I,?
A I, =V, /R.
B. I, =V, /R.
C I, =V,/2R.
I, = 0.
E. I, =-V,/2R.
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For questions 9-11, a thin conducting rod of length { = 20 cm is sliding to the right
with a constant speed of 10 m/s along conducting rails that are connected by a
resistor R = 2.0 Ohm. The whole system lies inside a uniform magnetic field B which
is directed into the page and has a magnitude of 0.80 Tesla. The resistance of the
rod and the rails are negligible.

9. (3 pts) What'is the induced émf in this circuit? \/ _ 8
A. 080V -

Aiev Jo°

D. 2.0V 0.2 Mm
E. 40V 0o m(s

10. (3 pts) What is the induced current in this circuit?

. —
A. 0.80 A clockwise F/“

(B 0.80 A counterclockwise T . I = V/R_; 0.8 A
o

C. 1.6 A clockwise
D. 1.6 A counterclockwise
E. 4.0 A counterclockwise ®_..

11. (3 pts) What is the force exerted by the (external) magnetic field on the rod?

A. 0.032 N to the left m

B. 0.064 N to the right F =< TILB = CO,X A)(O.Z)

C. 0.064 N to the left

D, 0.128 N to the right (6.8
.128 N to the left T
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12. (3 pts) The current in a wire along the x axis flows in z

the positive x direction, as shown. If a proton, located as 4/

direction, it experiences —
A. aforce in the direction of positive x. ) // -
B. aforce in the direction of negative x. //ff/
C. aforce in the direction of positive z. A — )
D. aforce in the direction of positive y. s A )
no force.

shown in the figure, has an initial velocity in the positive z — /\;EI\
v

13. (3 pts) Which of the following is a correct integral for the B field vector
distance z from a loop carrying current I?

A -
Wwrong uwwks Q‘/?'aw = T 6=
A B=tolyimge 2R &7 % z
R 47 Y0 (R2+22)3"
5 _ Hol p2m
B. B= 47T fo (RZ+z2)3/2'
- 5 p2
(Qp=tutpomgg _ir__ y I
) 41t J0O (R2+ZZ)3/2 /‘\’——\1\
= 2 “« >
D. B=tel [ ag ST e ——=x ’
E F=tl?ge 2R = &— urﬂma wwe
’ T anJo (R2+22)3'

For problems 14 & 15, consider the Faraday Disk
shown to the right. Assume the digk is conducting
in the shaded regions and that it can rotate around
the axel. The brushes allow current to flow from the
wires into the disk but give rise to negligible
friction when the disk is rotating. The circuit can : ,
either be powered by a battery (M) or measure e F
induced current (G) depending on the position of :
the switch S. A represents an Amp meter.

Free to Rotate

14. (3 pts) Switch S is connected to the M terminal. ,
Current flows from the wire to the brush and through the disk. What happens when
the switch is connected?

A. No torque is generated

B) The disk rotates in a clockwise direction.

C. The disk rotates in a counter-clockwise direction.

15. (3 pts) Switch S is connected to the G terminal. The disk is then rotated in the
clockwise direction with constant angular velocity. Any induced current is measuresl

in the Amp meter A. - F/q
A. No current is induced. nN —
An induced current flows in the clockwise direction. 5

C. An induced current flows in the counter-clockwise direction.

Physics 1224, B & C, Autumn 2016 Midterm Exam 2 4




Name

L

last

Jirst

Student ID

Score

Lab questions [12 pts] ANSWER THESE ON YOUR SCANTRON SHEET.

16. [4 pts] Two identical light bulbs are connected in series with an ideal battery. Another light bulb of
the same type is to be wired into the circuit, as indicated. Which connection below will make bulb B
dimmer after the connection than before?

(A)

Bulb
connected
here

Bulb
connected
here

Buib

here

(©

connected

(D)

Bulb
connected
here

More than one
of the previous
will make B
dimmer.

(E)

17. [4 pts] A voltage divider is constructed from identical 100 ohm resistors. For which version of the

voltage divider is V,,, =4V, ?
Vo Ty
| Vout
v
(B) (©) (E)

18. [4 pts] In an RC circuit, a switch is in position 1 for a long time. Then it is switched to position 2 and
two observations are noted: (1) Bulb A is initially much brighter than bulb B, then (2) after a long
time both bulbs are glowing with the same brightness. Which circuit below shows this behavior?
Assume that the bulbs, capacitor and power supply are all as you used in the lab.

2
—O A
1
| A +
= ™ B @ —
B
(A) @
—20 —20
1
o - il A
= A @ = B @
S B T
©) ‘ (D)
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HI. Lecture free response (25 pts). ANSWER ON EXAM.

The next two problems are related. An infinitely long
solenoid is oriented along the z-axis as shown. The solenoid is
wrapped with multiple concentric layers of wire with a
density of n wires per unit cross-sectional area. The inner
radius of the solenoid is r1 and the outer radius is r». The
direction of the current I is shown in the figure to the right.
(Note: B field is NOT shown.)

X. (3 pts) Sketch the B field vector at the seven points shown
in the schematic below. Write “0” for any vectors that are zero
magnitude. (Hint: The B field outside is zero.) '

z : :  Side View
A . .
. e ; Wires Wires
Solenoid : Solenoid (density n, (density n,
‘ " ' current I )

OLOLOS

“«— 7+ - 5

"

PN PN 2NN

X. (8 pts) Use Ampére’s Law to derive an expression for the
B field vector as a function of r, ry, r2, n, I, and to. (Hint:
Consider the Ampérian Loop drawn in the side view.)

7 rn
AL 8= BL+ 0+ O 4+ 0L = fodin ‘f“’.LA, ST
@ < @ @ rz'f.)rm Nuwber o) WiTes,

IS

dz L. B AV = ‘.z—__r’(‘l.((-fz

A er(z=o, rﬂ-L v
— /N
B for r<r -2 Mo In(v,-n)
B for ri<r<r, |- 3 peln (fz."r)
B for ro<r O
X. (5 pts) Sketch the z component of the B field in the figure By

to the right. g g A
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The next three problems are related.
Consider the RC circuit shown to the right.
Before time zero, both switches are open and
the capacitor is uncharged. At t = 0 switch S1 is
closed and the capacitor begins to charge.
Switch St is opened at t = RC. Then switch Sz is
closed at t = 2RC, discharging the capacitor.

X. (3 pts) Sketch the plot of the voltage
across the capacitor Ve.

X. (3 pts) Sketch the plot of the current /1. (Hint: NOT I2.)

X. (3 pts) Label max values and asymptotic values on both plots (t — 00).

S1: Open 5;: Closed ; Si: Open

Sy: Open Ss: Open ’ Sy: Open
- : :
I-c Ve A

5
|

man Veduse

R
—— MWW VWWWN—
+ —
£ e Vo _C I}
S~ A
51 52
S;: Open .
S,: Closed -
] g 2/3»,
. - ¥/sre
s\ow M‘dj e E

PR R Sl o
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IV.  [20 points total] Two very long wires each carry a current /, U «—0
into the page. Magnetic field lines for the wires are shown
atright. Three electrons near the wires, labeled A—C, all
have a speed ¥, to the left. Points A and B are each
equidistant from the wires.

A. [7 pts] Rank the magnitude of the magnetic force on
each electron. If the magnitudes at any two points are
equal or zero, state so explicitly. Explain.

:F;\='F < FQ

——y
0. A & B are

o
o
P
-—o

—ciz))x? e sin O

B. [7 pts] On the diagram at right, draw and label an
open path for which the line integral of the magnetic

field along that path is non-zero (.., fpathB ~dl # 0).
Explain.

G d

Draw M} Corve Such That
Esonet L o AL

B

C. [6pts] On the diagram above, draw and label a closed path for which the line integral of the
magnetic field along that path is non-zero (i.e., ffpathﬁ cdl # 0). Explain your 1~ea§onfnvg.

%0(2‘ E = /,Lo L ins . )41’7/3@\(‘ Lo,

b0 Phe e s
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