Name Student ID Score

last first
Part 1. [24 points] Consider the capacitor network at left, with C; = 10 pF, C,=5 uF,
and C3 =2 yF. Ei_| C, b
1. [4 points] Calculate the equivalent capacitance (Cg;) Of the network shown in the 2,
diagram. l
- Ca

B. 7.0nF % C <

C. 1l1nF ) ~ 3

D. 17 nF

E. 243000 F
A 17V battery is connected across the terminals a-b of this network.
2. [5 points] Calculate the energy stored in capacitor C; when fully charged. -

-4 e o SEviee -
L 71x10%0 1 &Y K/:JC(T

C. 19x10°J ce =) Y, L VI

D. 42x10°) Q= %V, . k¢ <.__6_59 4 )

E. 85x107) g, = / =Tl G - h\")
3. [5 points] What is the energy stored in capacitorC,? = é: (eg V& - 2. H S’CN—

A. 15x10° Ll VL E %

@Bjﬁ.sxlo% Va3 Yo l
25x10"J Ceq V . B

D. 35x10*3 V 2\['\/1 VV’/%’ 27V :)\/,L—WV _U—

E. 43x107J > o Upe™ 2.8 510 O
4. [5 points] A new battery is hooked up to the capacitor network. The capacitors are shown to hold 1.2 J of

energy. What is the EMF of the battery?

A. 0.0031V /=1¢, v

B. 380V 9"/%_’7

C. 458V

D. 586V \/=/Q:£ = 76 LV

760V 7 Caq

5. [5points] A dielectric of k=1.1p isinserted to C; while the network is still connected to the 17V battery.
What is Ceq NOW?

&) s0nF C,2 k&

B. 7.0nF

C. 18nF _ S S "LJVTC/A’F
D. 24nF 6«% R

E. 20x10°F ke, Catls
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o _ e This question is bad! The answer is rho/4, not
Part11. [31 Points] 4*rho! It is being removed from grading!
6. [5points] RESISTOR, Inc., has made a cylindrical resistor out of a material -
withresistivity r = 9.71 x 10® Wm (shown at right). Theresistor is 15 W. If r|
RESISTOR, Inc., wants to halve the diameter but keep the same resistance,
they will have to find amaterial with aresistivity of
A. 24x10°Wm r— r/;\
B. 4.9x10° Wm
C. 9.7x10° W /{ Y2 A A ‘3/,)/1\]
. 1.9x 107 Wm
7. [4 points] USER, Inc., has
purchased the resistor and placed +
the resistor in the circuit diagram A B
shown. What is the measured .—/\/\/\/\/ @
voltage between points A and B? 15 W
All USER, Inc. components are 5V

built and tested under vacuum. /
A Mo wmt <t Sl

D. 20V
E. Not enough information to calculate
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USER, Inc., now constructs the
circuit at left. R, and V, are B
adjusted so there no current flows

through R;. Theresistors labeled

R, and R3 are 500W. Rs R,

R,

7V
A

I
8. [5 points] What istheabsolute + +
value of the voltage drop A
across resistérle?
v YVM@ /
B 1V T~ Ne a/ V™ Z

C. 35V
D. 5V

@) 7mA oﬂ} O/H‘W 10’5}0 WHW\S
D. 140A 7
B v gt be the same as the drop acor@ss

E. 7V
B. 26mA -3
5 JV= L-(R‘+YS,)J$=7X'0 A
E. 7000 A
N s (o 0s) — ) the viltare

9. [5 points] What current flows through R,?
C. 34 mA
10. [4 points] What is the absolute value of the voltage difference between points A and B?
E. 7V -
Cfs‘ %2 K) RD—/)

11. [4 points] What is the value of V;? '6&’
A. 0V e/ Yiont
35v € o—t M\M?S l&
.5V -}}w& wa /i wov k.,
D. 7V

E. Not enough information to determine.
12. [4 points] What isthe value of R;?

5 o 1o e <ol
C. 310W 2 Le. M/%Tﬁ&/

. 500 W
Not enough information to determine.
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1227 Lab Question

I11. [25 pts total] Consider the battery and bulb circuit shown to the right. The
battery is assumed to be ideal (that is, it can deliver any amount of current
without changing its 8.0 volt output). All the bulbs are identical, but they will
not perform like fixed-value resistors. Use the model for electric current that
you developed in the Circuits | lab to answer the following questions.

+
&
=
<

a. [5pts] Is the brightness of bulb A greater than, equal to, or less than -
the brightness of bulb D? Explain your answer.

Bulb A is equal in brightness to bulb D because the two branches are
identical with the same resistance to the flow of current. Therefore, the
same current flows through both branches and therefore each has the
same brightness.

b. [5 pts] Is the brightness of bulb F greater than, equal to, or less than the brightness of bulb G?
Explain your answer.

The brightness of bulb F is equal to the brightness of bulb G because these two bulbs are in series,
which means that the same current must flow through both bulbs. If the same current flows
through both, they have the same brightness

c. [5pts] Is the brightness of bulb E greater than, equal to, or less than the brightness of bulb F?
Explain your answer.

The current that returns to the battery must split unequally between the two branches since the
resistance of one bulb must be less than the resistance of two bulbs in series. Therefore more
current goes through E as compared to bulb F and bulb G. Thus, the brightness of bulb E is
greater than the brightness of bulb F.

d. [5 pts] Is the brightness of bulb C greater than, equal to, or less than the brightness of bulb F?
Explain your answer.

Since the two upper branches are equal, they have the same current (as explained in part-a). This
same current recombines and flows down through the two branches of the lower loop which must
have unequal currents (as stated in part—c). Since less than half the current flows through the
branch with bulbs F and G, the brightness of bulb C is greater than the brightness of bulb F.

e. [5 pts] Does the brightness of bulb B increase, decrease, or remain the same if bulb E is
removed from its socket? Explain your answer.

The resistance to the flow of current is less resistance in the lower loop when both branches have
their bulbs in their respective sockets (i.e. there are two paths for current to flow through). When
bulb E is removed, the lower loop now has more resistance to the flow of current. Therefore the
current through the battery will reduce and thus the half going through B will reduce, making it
less bright.



Name (please print): Totd Points.
(last) (first)

. [20 pts] Shown at right is a small portion near the center of avery long plagtic rod

of radiusa. Therod has a positive charge per unit length, +1 .. @
A Gaussian cylinder concentric with the rod has aradius R and a height H. H Plastic rod
13. [4 pts] Find the charge enclosed by the Gaussian cylinder in terms of the given .
variables. A
H
Oenc= I H v
Gaussian
P cylinder
A positive point charge is now placed to the left of the Gaussian cylinder. Q
14. [4 pts] Isthe net flux through the Gaussian cylinder greater than, less + Plastic rod
than, or the same as it was before the point charge was introduced? °
Explain. +
The charge enclosed hasn't changed, and the net flux is proportiona to the ® H
charge enclosed, so the net flux through the Gaussian cylinder remains the +Q — \ J
same. o
Gaussian
. . . cylinder
15. [4 ptg] Isthe flux through the curved side wall of the Gaussian cylinder A

greater than, less than, or the same as it was before the point charge
was introduced? Explain.

The flux through the top and bottom of the cylinder was zero because the eectric field was perpendicular
to the area vectors for these locations. Now, however, there is a component of the electric field upwards
at the top of the cylinder and downwards at the bottom of the cylinder. Thusthere is a positive flux
through these surfaces. Since the net flux through the cylinder is unchanged, the flux through the
remaining surface of the cylinder, the curved side wall, must have decreased.

A +Q point charge and a-2Q point charge are fixed to agrid as
shown. Points B and C are both a distance r from the -2Q +

charge.

16. [4 pts] Isthe electric potentiad at point A greater than, less
than, or equal to the eectric potentia at point B? Explain. rs

The net eectric field along a straight-line path from A and B has B

ew] _

a component pointing toward the top of the page. Since the
angle between the displacement vector and the electric field

vector is greater than 90°, the net work done on a positive test
charge by the filed is negative. DV = -W / (g SO the electric
potential increases. Hence, the electric potential at A islessthan at B.

17. [4 ptg] Isthe eectric potentia at point B greater than, less than, or equal to the electric potentia at
point C? Explain.

The dectric field due to the -2Q charge is perpendicular to a circular path from B to C, so thereis no

work done by this electric fild. The dectric field due to the +Q charge has a component in the same
direction as the circular path, so the work done by this eectric fied is postive. DV = -W / Geg SO the
electric potential decreases. Hence, the electric potential at B is greater than at C.
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