Sample Exam Questions College Physics

1. For the two charges, Q = +5 nC, at opposite points of

the square shown, 0.2 m
a) Find the potential energy that results from the two Qe——
charges. ®

b) What does the sign of the potential energy tell you?

c) Find the Electric Field at the point P (x = 3cm,
y=0) (Magnitude AND direction)

d) Find the electric force on a charge of -10 nC placed
at point P. (Magnitude AND direction)

)y K% e 0274027 — 0.28m

r
U - 8.99x10**Nm? / C?(+5x10°C)(+5x107°C)
- 0.28m
= +8.0x107"J

b)The positive sign on the potential energy tells me that the force is repulsive

¢)The electric field is a vector. We need to find the x and y component of

the field due to each charge and do a vector addition.

The top left charge only has an x-component

£ - kQ 8.99x10°Nm?* /C?(5x10°C)
o (0.2m)?

The bottom right hand charge only has a y- component

£ - kQ  8.99x10°Nm? /C?(5x10°C)

Y oor? (0.2m)?

The magnitude magnitude of the electric field is found using the

Pythagorean theorem

E = JEZ +E? = 11207 +1120% =1.58x10°N / C
The direction IS given by

=1.12x10°N / C +x-direction

=1.12x10°N /C +x direction

et B [mo) ) E
L J_ 1120

above the +x axis
F. = E = (10x10°C)(1.58x10°N /C) =1.58x10°N
d) since the charge is negative, the force is in the opposite direction of the electric field
so 45° below netagive x-direction
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2. An electric potential as a function of distance as shown below.

a. An electron is initially sitting at point A. What is the minimum kinetic
energy the electron will need to get from point A to point C?

b. A proton is initially sitting at point A. What is the minimum Kinetic
energy the proton will need to get from point A to point C?

c. Does your answer change for the electron if the particle moves from A to
E? Explain.

d. Does your answer change for the proton if the particle moves from A to E?

Explain.
\ (volts) /‘3\
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a) An electron at point A will be attracted to the more positive potential at point B.
It will gain Kinetic energy that is equal to U=gAV=q(100V- -80V)=q(180V). It
will have plenty of kinetic energy to overcome the repulsion in going from B to C.
b) A proton at point A will not want to go to the more positive potential at point B.
It will need
KE=U=gAV=q(100V- -80V)=q(180V)=1.6x10"°C(180V)=2.88x10"""J

c) If the electron needs to go to E, since E is at a lower potential than A, the electron
will need initial KE=U=gAV=q(-100V- -80V)=1.6x10"°C(-20V)
d) No. Once the proton has enough energy to B, it will be able to go to E.

3. A parallel plate capacitor has a charge of 0.02 uC on each plate with a potential
difference of 240 V. The parallel plates are separated by 0.40 mm of air.
a) What is the capacitance for this capacitor?
b) What is the area of a single plate?
c) At what voltage will the air between the plates become ionized? Assume a
dielectric strength of 3.0 k\V/mm for air.

a) Q=CV C=Q/V=(0.02x10°F)/240V=8.33x10'F
b) C=¢,Ald A=Cd/e, =(8.33x10™'F)(0.4x10m)/(8.85x10™"2C%Nm?)=0.0038m?

c) The dielectric breakdown is 3000V/mm and the thickness is 0.4 mm so..
V=(3000V/mm)(0.4mm)=1200V
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4. 2 For the circuit shown, a) find the equivalent resistance and the b)
the voltage across Rs ¢) current through Rs.

& a) Resolve the barallel pair of
( ! ) 11,1 _R+R,
R, R. Rs R R RR
Resolve the riaht side series:
Ri 3 >|2345 Rss5= Rs+ Rys = Ry+ BB
R R Ro+ Ry
R A Resolve the left side series:
\ R4s )
Ro= R+ R,
=4y Resolve the fotal series:
Ri = 2Q Riz345= Ri+ R, + Ry + Rys
R, = 3Q R R
R3 = BQ - 475
R = 7Q Ri345= R+ R+ Ry+ —R5+R
Rs = 9Q 4
° | | Substitute values:
| Rypez 2+3+5+ 7%X7 210+ 3.94
+
R: R345

R,ue= 13.94 O

b) Find the total current:

E
V= R12345]:1‘0‘ral = IToTaI Sl —
Ri2345
4
I = ———=0.287A=287mA
total 13.94 m
The voltaae across the set is: Constants to know and love:
k = 9 x 10° N-m?/¢?
- _ 6=6.67 x 10! N-
V45— ITOWR%- (0.287)(3.94) m?/kg?
V45: 1.13 V:V5 e=160x10"¢

m. = 9.11 x 10" kg
m, = 167 x 1077 kg

c=30x108m/s
1.13

The current throuah R~ is determined bv the

<

- 23
I5 = 2 = T =0.126 A N4 = 6.02 x 10

R
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2. Below is a sketch of the equipotential lines for a dipole where the positive charge is on

the left and

the negative charge is on the right. The equipotential lines are spaced at

10 Volt intervals with the line nearest each charge having a magnitude of 50V.

a.
b.

c
d.
e.

b)
Work = -AU,

— _(~1.6X107C)(=30V — +20V) = —8.0x10%# ]
) AU, = -work = 8.0x10™*J

d) The positiv

Label the potential of each line shown below.
How much work is done by the electric force when an electron is moved

from point A to point B?

. What is the change in potential energy for the electron in part b?

What does the sign of the change in potential energy mean?
Sketch the Electric field lines for the two point charge system shown

below.
+0V

=—QAV = _q(VB _VA)

e sign on the potential energy means that we are storing more energy in the

location of the electron by moving it to a place it does not want to go.



