Physics 221 Exam 2 February 21%, 2003 1

Thisis aclosed book, closed notes exam. An equation sheet (without any words) is alowed; please hand it in
with your exam. Credit isassigned as noted. Partial credit will be awarded based on work shown.

Units Useful Constants
Resistance W (Ohm) ke=8.99" 10°Nx"/,
Capacitance F (Farad) e=1.60x10"°C
Charge C (Coulomb) e = 8.85x10%2C2 /(N xm?)
Current A (Amp)

Electric Potential, ak.aVoltage V (Volt)

1) (4pts) A conducing sphere has a5.6x10° protons and 5.4x108 electrons, what is the net charge on the
sphere?

Q=&N, - N,)=16"10"*Coul §{5.6" 10° - 5.4" 10°)53.2" 10" Coul

2) (4pts) Two uncharged, conducting spheres, A and B, are held at very near, but not touching. A
positively charged rod is brought in and touches sphere A and is removed. Then a neutral metal rod touches
sphere B and is removed. How will the spheres be charged, if at all?
Sphere A Sphere B
a) positive positive \ \
b) positive negative \ \
) negative positive
d) negative negative
e) neutral neutral

3) (4pts) A charge Q exertsa 12 N force on another charge, g. If the distance between the chargesiscut in
1/2, what is the magnitude of the force between Q and g?

F=loN=k  p=wp

rl
F2=?:kE=k Qq =k o =4k s

;o Gn)® 1)’ (r)*®

=4F, = 4X12N =[48N

4) (4pts) Ifthe 3nC charge gets 6 field lines, draw field lines for the collection of charge below. Don't
forget to indicate their direction.

+3nC @

C @ ® +3C
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5) (4pts) Two positive point charges are separated by adistance R This configuration is characterized by
an electric potential energy P.E.; If the distance between the charges is doubled, in terms of the initial electric
potential energy of the system, what is its new potential energy?

pE, =k =2 pE, kWML, Al
r r 2r, 2

6) (4pts) The electric potential energy of a charge decreases by 0.003 J when moved through anelectric
potential difference (voltage) of +10 V. What must be the charge's sign and magnitude?

DP.E. - 0.003J
DP.E.._. =-0.003] =qDV =g Volts Q= dect _ =
e a g T v 10Volts

- 0.0003Coul

7) (4pts) A paralle plate capacitor with plates of area A and pate separation d; is charged so that the
potential difference between its platesis DVi. The capacitor is then isolated and its plate separation is increased
to df = 4d;. Interms of the old potential difference between the plates, DV; , what is the new value?

Q=CDV, =C, DV,

v, ===V,
d, d;

Ae Ae Ae Ae
k=4d C == C, =—— =DV =——0DV
f | i di f df di i 4di f

DV, :%va
DV, =4DV,

8) (4pts) A capacitor isinitialy charged to an electric potential difference of DVpat1 =2 V. It isthen
disconnected and connected to adifferent battery. If theratio of the final to theinitial energy stored in the

.E.
capacitor is L = 4, what must be the voltage of the second battery?
., , L , PE,_ _
P.E., =1 C(DVoues) P.E., =1C(DVyu2) -E 4 DViatt1 =2V
P'E'f =4 — %C([)\/batt.l)2 = (DVbatt.l)2
P'E'i % C(Dvbatt.z )2 (Dvbatt.2)2
2
Ja = —(Dvba“-l)z b 2= (DVogs) b DV,,,, =2DV,,,, = 2X2Volts=|4Volts
(Dvbatt.z ) (D\/ba“-Z)
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9) (4pts) Which one of the following situations results in a conventional electric current that flows
westward?
a) abeam of eectrons moves westward d) a beam of protons moves westward
b) an electric dipole moves eastward €) a beam of neutral atoms moves westward
¢) abeam of protons moves eastward

10)  (4pts) When alight bulb is connected to a9 Volt battery, a current of 0.3 A passes through the bulb
filament. What is the resistance of the filament?

DV _ 9volts _kow

DV =IRP R= = =
| 0.3Amps

11)  (4pts) What isthe resistivity of awire with radius 5.04 x10*m , length 3.00m, and resistance 0.1W?

2 T A
A=pr? R:r%b r :R%zR%:O.l\Np(S'O;OéO m) =P.6" 10 Wxm
.uum

12)  (4pts) A 10 Wresistor dissipates 1.5 Watts when it is connected to a battery. What is the batteries
voltage?

P= (D‘é)z b (DV)’ =PR

DV =+/PR =+/1.BVattsX0W =/3.9Volts

13)  (4pts) Two 15 W and three 25 W light bulbs and a 24 Volt battery are connected as shown. What isthe

current that passes one of the 25 W bulbs? 15W 15W

: — VW "NV,
What current passes through one of the 25W resistors
passes through that whole lower branch of the circuit. 25\ 25\ 25\
I25 = lpottom

The resistance of the lower branch of the circuit is
Rbottom = 25W+ 25W+ 25W= 75W

The bottom branch has the voltage of the batter applied * i =
across it v o
DVbottom = DVbattery = 24\/0' tS battery - O tS

Applying Ohm’s law gives
DV, oiom . 24V0ItS

.. =1 = = 0.32Amps
25 bottom Rbonom 75W

14)  (4pts) Threeresistors, 6.0 W, 9.0 W, 15 W, are connected in seriesin acircuit. What is the equivalent
resistance of this combination of resistors?

Rseri&s = Rl + Rz + R3 = 6.0W+9.0W+15W=[30W




Physics 221 Exam 2 February 21%, 2003

15) (12 pts) Given the circuit bellow, how much current is drawn out of the battery? (It would help to find
the equivalent resistance).

2W
+
DVBattery —L 3w 4w 5W
=35Volts . T
1 _1.1_1
R, 4W 5W 22w
+
DVBattery — 3w 2.2
=35Volts . T
Ris» = Ry + R, = 22W+2W=4.2W
+
DVBattery —— W 42
=35Volts T ‘
1 _ 1 . 1_ 1 1 _ 1
Risss Rusy Ry 42W 3W 175W
+
DVBattery ke 1.75W§
=3.5Volts _T ;

_ Dvbattery _ 3.5Volts

| =
Battery R 1.75W

= 2Amps
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16)

OT
A
>

+4

3m 0.6m

©

0.2m

(4 pts) Sketch enough Electric Field Lines to represent the character of the field everywhere.

a)
b) (4 pts) Sketch enough Equipotential lines to represent the character of the voltage everywhere.
) (16 pts) Evauate the Electric Field at point P, magnitude and direction.

Ewee(P) = E.t(P)+ E 4(P) T E.o(P) %+ E_,(P) | X

- _ Qus | _ s amont 2y 47107°Coul | _ .
E, =|k. —*21=1899" 10°N™/,—— —— 1=356" 10° N
| 4 (p) | C r+24® ; ‘ A (Olrn)z /C
B} 9. . oy - 4107 °Coul | . AP
E, =lk. —21=18.99" 10°N ™/, =4.00" 10° N
| 4 (p) | C r_24® ; ‘ C (O3m)2 | A
E..(p)=|E.,(p)|%+|E.,(p)| X=35.6" 10° N4 X+ 4.00" 10° N X =39.6" 10° ¥4 X =[4.0” 10° 1 5
d) (12 pts) Evauate the Electric Potentia (voltage) at point P.
DV (P) = DV, (P) + DV, (p) = kg — 4k —-4
+4® p r— 4® p
4" 10 ®Coul - 4" 10 °Coul

DV =899 10°N™/,— — = +8.99 10°N ™/,
e (P) e 0.1m Ve 0.3m

DV, (p) =3.596" 10°Volts- 1.199" 10°Volts=[2.4" 10°Volts



