Phys 121H Spring 1999 Grades

Last 4 digits of Final Exam * Total points Course Grade
Student ID (out of 200 points) | (Lecture Quiz points

count 1/2)
3381 114 442 B+
6828 153 548 A
0289 89 375 C+
6113 132 545 A
4815 77 357 C+
8921 152 542 A
0897 73 299 C
6530 125 413 B
3115 119 421 B
4027 167 551 A
3446 89 427 B
2216 67 310 C
8255 97 424 B
2883 124 455 B+
0947 118 443 B+
6274 88 403 B
7887 149 505 A
0461 156 559 A
1124 97 449 B+
2036 141 494 A
3416 100 366 C+
3820 142 503 A
4061 77 280 C
5459 125 440 B+

* Average score on Final Exam was 116 out of 200.




Physics 121H  Spring 1999 May 10, 1999 Final Exam  Name (print) KE?

Part 1. 100 points. Directions: Mark the answer on both this exam sheet and the I
Scantron card that most nearly matches the correct answer. No credit will be
given unless complete and logical work is shown for numerical answers in the I1-1
space provided. Each multiple choice question is 5 points.

1I-2

1. An electron is released from rest at a distance of 1 mm from a fixed -1 x 10-15C . I1-3
charge. The velocity of the electron when it is far from the fixed charge is about:
a) 500 m/s b) 1,200 m/s c) 1,800 m/s d) 40,000 m/s 56,000 m/s 11-4
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2. A conducting cylinder, radius 1 mm, has a linear charge density of 1 nC/m. If the electric potential Im
from the center of the cylinder is zero, the electric potential on the surface of the cylinder is about:
a) 18V @125V c) 300 V d) 9,000 V €) 18,000V |,
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3. A conducting sphere with radius 10 cm has a uniform charge density of 1.0 nC/m2 on its surface.
The electric field just above the surface of the sphere is about:

1 10 V/m b) 900 V/m ¢) 1800 V/m d) 18,000 V/m e) 110,000 V/m
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4. A current of 3A is flowing from point a to point b.
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If point a is at potential, the potential of point b is:

a)-3V -9v c)+9V d)y-21V e)+21V



The following statement applies to problems 5 and 6: y
A -2uC point charge is fixed at the origin and a -4C point charge

is fixed at 2m on the x axis. Point A is located at x = 0, y = 2m. 2
m
5. The approximate magnitude & direction of the electric field due to

these charges at point A is:
a) 4,500 V/m @ -45° b) 7,700 V/m @ -22°

(©) 8,300 Vim @ -68° d) 9,000 V/m @ -220 \(/
€) 10,900 V/m @ -45° \
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6. The approximate location where a charge may be placed such that no force acts on it is:

a)x=+0.17m,y=0 b)x=4+0.50m,y=0 x= +0.83 m,y=0
d)x=+1.17m,y=0 e) depends on sign of charge Myat Pe betwegi Qhw%ﬁs
Find whet E=0
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7. Nine identical wires with circular cross section diameter d and length L are connected in series.
This combination has the same resistance as a single wire of length L but whose diameter is:
a) 3d b) 9d @d/3 d) d/9 e) d/81
R = ,Q__': pL = d§ A
- )
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8. Two parallel plates separated by a distance d are connected to a 6 V battery.
The charge on the plates is 12 nC. The plates are now pulled apart to a
distance 2d with the battery still connected. The charge on the plates is now:

a) 3 nC (b))6 nC ¢)12nC
d) 24 nC €) 48 nC
‘ 3
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9.

10.

11.

12.

In the circuit shown, the 6 V battery: —A

a) Provides 6 W of power < 'i?

b) Absorbs 6 W of Power 3V IR 6V— 6Q
@Provides 12 W of power T

d) Absorbs 12 W of Power T

€) Absorbs 24 W of Power -

'P':: V‘L ZGV’ZR-. IZV

.+Q 0+Q
Positive charges of +Q and negative charges
of -Q are placed on the diagonals of a square \ /
At the point P, at the center of the square: Pvp \/ 20
@ [El#0; V=0  b) [E|=0; V<0 / \]/ N
c) [El=0; V>0 d) |E[#0;V>0 -Q E «-Q
e) |[E|=0; V=0

The figure to the right shows a small electrical charge +q near an

uncharged hollow conducting sphere. Which of the following describes +

the electrical forces acting on the sphere and the small charge.

a) only the small charge experiences a net electrical force.

b) only the conducting sphere experiences a net electrical force.

c) both objects experience a net electrical force but the small charge
experiences the larger force.

both objects experience net electrical forces that are eﬂual in magnitude.
¢) there are no electrical forces on either object

k)
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The graph of the magnetic flux ¢ through a coil as q)A
a function of time is shown at the right. During what | | |

|

time interval does the induced voltage across the l I

output of the coil have the largest magnitude? | | |
a)A b)B c)C D eE A 'B C D' E
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13. A 10 UF capacitor is charged by applying a potential of 6 V to it. l> '
This capacitor is then disconnected from the battery and connected -

to a 20 UF capacitor. The voltage across the capacitors is now about:

Y —— owF —
1 |

= 200F

a)1.0V b) 1.5V 20V
d)3.0V e) 6V
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14. Wires A and B carry currents of equal magnitudes in the same
direction as shown. Wire C is placed above and equidistant
from Wires A and B. Wire C carries a current into the page.
The direction of the force acting on Wire C is:

a) zero @4\ c) €
d) > e) Vv
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15. An electron is moving with a speed of 1 x 107 m/s perpendicular to a magnetic field of 6 mT.
The radius of the orbit of the electron is approximately: (use me =9.1 x 10-31 kg)
a) 10 m b) I m ¢) 10 cm @1 cm e) 1 mm
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16. In the oscillating LC circuit shown, L = 10 mH and C = 4 uF. ‘wF
The maximum voltage across the capacitor is 6 V. If the current
is zero and increasing at t=0, the time when the current first
reaches 50 mA is approximately: 10mH

a) 8 s b) 32 s @6 Us d)230pus €310 us
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17. In the circuit shown at the right, the switch has been closed ___] Z
a long time and then suddenly opened. At the instant the - 12V 65 9 2 H
switch is reopened the voltage at point A relative to ground is: T 4
@-3 6V b)-12V ¢) zero d) +12v €) +36V 1 —

Y = 4R -9x-36YV '
N&%bt‘

18 A single turn wire loop with area 0.20 m2 is rotating at an
angular frequency of 300 rad/s in a magnetic field of 0.05 T.
When the magnetic field is pointed in the plane of the loop
(as shown), the EMF generated in the loop is about:
(Hint: Derive the expression for EMF in this case)
a)0V b) 3mV ¢)30 mV d)300mv  (e)3.0V -

Q=8N coswbt s age wbT

%%i = B-hwsinwt = (05)( 2)(z00)= 3V

x

l The circuit to the left applies to questions 19 & 20:
Emax= 10V C A 60 Hz AC source with Emax = 10 V is applied to
f=60Hz L":‘- 0.8 H this circuit, resulting in a maximum current of 50 mA.
The phase shift ¢p= -11/4 radians. The inductance is
L=05H

R

19. The resistance of the circuit is:
)71 0 b) 100 @141 Q 4173 Q €) 200 02

:..6_-:.'.__._- 0
ys = S-ZOJL

.0
R =2 cosp = 200 cr, = 141n

20. The capacitance is about:
()8 uF b) 16 UF ¢) 26 UF d) 56 UF ¢) 67 UF

tm-'“'/q = X=X -R s XL-XQ
AL :QS??)(.“}): 858 X. = XL+ R <138+ 14) =330%
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Switch A
Part Il workout problems: Show your work

10,000 Point x
EAANG >
1. (25 pts) S W L 1200 uF -
2V =" é 20,000 0 $ <= Point y
“—i: 800 uF
| v=o = 7
Switch A has been closed a long time. CEQ = L)god”:_
(7 pts) a) What is the potential at point x and point y '
No turrend Flows Fhrovah cupacitors 3
(Point W)= 12v. 20000 _ 5 2
ot %) = 22,000 - gy j
y 30,000 V (Pointx)= § V/ ’
Qior = BY Coq = TV (H30WF) —,
V (Pomty) = Qi

/
-.\/KC %V(Lf?ou F\ LSy V (Point y) = L/ 8 L
Switch A is now opened "B 00 oowr "‘g’o% %

(,3 OOyF)
(4 pts) b) What is the current through the 20,000 (2 resistor the instant the switch is opened?
= «“1m4
20,0000

(9 pts) c) Find the following 5 seconds after the switch has been opened
i) The potential at point x. i) The potential at point y.

T=RC= (20.000)(4S0WF) = 9.6 sec /
Ve = % " P Ly g5y
V‘a = Bley _(4.75)(470)

i- 0.4 mA

ii) The current flowing through the 20,000 (2 resistor

(Ev

F00uF 200 00 =2'8§K'(Pointx)= L.,75y
L = vX = W75 = Q%mn V (Point y) = Q, 88 V
¥} > .
20,000 20,000 i- .24 mA
(5 pts) d) At what time after the switch is ou will the potential at Point y = 1 0v?
(Hint: Use your answers to part a) to get started)

Vy = Vi (H50F) V- 30%* \/3 2 1.667V
D00 wF
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2. (25 points) Two long thin concentric conducting pipes have linear charge densities and radii as follows:
Inner pipe: radius of 5 cm and net charge of 1 nC/m.

Outer pipe: radius of 10 cm and net charge of -1 nC/m r=10 tm
(5 pts) a) What is the surface charge density of the inner pipe?
® N rsS5em

R 2l 2ny
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(4 pts) b) What is the electric field just above the outer surface of the inner pipe?

o~ O . BN agh Y,
€0 X.%5x0°F

E=3672 \//m

(4 pts) c) What is the electric field just above the outer surface of the outside pipe?

B =0 beeaysy O Unvroa/t encloss o

E= 0

(8 pts) d)What is the potential difference between the pipes?
Which pipe has the larger potential?

E = 2KA 10 em
) 4 fZMxo{ QRKSQ-C
a\ fE S = Zen

V- Voy=m = 240t} (mo™) Ln g = ~)2.5V

-/

AV = /25 6 ,;V
Larger potential: Iny MZ

(4 pts) e) What is the capacitance per meter of the pipes?

oy -
C/ = Q//J/ _ 1A 10" % . hn
z v /a.5V = Y0 P5/m
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3. (25 points) A 200 turn solenoid with a radius of 5 cm has an internal resistance of 5.
The instant the solenoid is connected to a 12 V DC source the current increases
at a rate of 50 A/s in the solenoid.

(4 pts) a) Find the inductance of the solenoid.

- -Ld
GL TE

_ Eu _yv - 44
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(4 pts) b) Find the magnetic flux in the solenoid after the DC source is connected a long time & - /2 V4
- L = (2 B (a.uA T Ta
7 - Le = ( .)/ HA) *QQ&MW’J S

200 - =2.44

¢ = Q.Xg‘m Wb

The solenoid is now connected to a current source that increases the current at a uniform rate of 10 A/s.
(6 pts) c) What is the rate of change of the magnetic field inside the solenoid?

B :@ L
A N A "
T L .52 Vs

dB/it= | 52.725

= = 3
Jt A at  (zooy(w(-05)
(7 pts) d) A small ring, radius lcm, with .01(2 resistance is placed inside the solenoid with its plane
perpendicular to the magnetic field. When the current is increasing at 10 A/s in the solenoid,
what is the current flowing in the ring?

- Aa’B 22000 50 = 47 8 mi
;a dt L O

i- U7 5mh

(4 pts) e) What is the mutual inductance between the solenoid and the ring?

o = 0l (25mh) = 4770V

d(;s M = EQ* = “_'_7_2.»!{/:: H‘7.7J/#
Mo . 3_05 0% . v



4.(25 pts) A coil (with both resistance and inductance) is connected to a 60 Hz AC EMF generator with
6 V (RMS) output. At this frequency the RMS current is 50 mA. When the frequency is
increased to 120 Hz (at the same voltage) the RMS current drops to 40 mA.

(5 pts) a) What is the impedance of the coil at 60 Hz and 120 Hz?

;"59_ . b - 1202

s o=
v S0A0 s 2= 1200
-6 - 2
éleo NYLCE 0 Zi= 150
(10 pts) b) What is the inductance and resistance of the coil?
* = 277 redf @ oK
22. 2%+ (wL) w % © 60Kz

(120 = P+ + w2L®
(150)% = R® + uw*L®
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(5 pts)  c) What is the phase shift (in degrees) of the current relative to the EMF source at 60 Hz?
Is the current leading or lagging the EMF source?

Curroen'® \aqs Lnduhive ¢ Tt

st X |t 22 _ g9t
Yes T - 1032

.4): 250.70

(5 pts)  d) What capacitance connected in series with the coil will put the current in phase with the EMF at 60 Hz?
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