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Physics 1024 Exam 1 Fall 2014

This Exam Booklet is Version A. Mark the A circle in the TEST FORM box near the
middle of your answer sheet. DO THIS NOW!

Exam Grading Policy—
The exam is worth a total of 116 points, composed of three types of questions.

MC5: multiple-choice-five-answer questions, each worth 6 points.
Partial credit will be granted as follows.

(a) If you mark only one answer and it is the correct answer,

you earn 6 points.

(b) If you mark two answers, one of which is the correct answer,
you earn 3 points.

(c) If you mark three answers, one of which is the correct answer,
you earn 2 points.

(d) If you mark no answers, or more than three, you earn 0 points.

MC3: multiple-choice-three-answer questions, each worth 3 points.
No partial credit.

(a) If you mark only one answer and it is the correct answer,
you earn 3 points.
(b) If you mark a wrong answer or no answers, you earn 0 points.

MC2: multiple-choice-two-answer questions, each worth 2 points.
No partial credit.

(a) If you mark only one answer and it is the correct answer,
you earn 2 points.
(b) If you mark the wrong answer or neither answer, you earn 0 points.

Some helpful information:
*  Areminder about prefixes: p (pico) = 102 n (nano) = 10°°; p (micro) = 10°°;
m (milli) = 10%; k (kilo) = 10™; M or Meg (mega) = 10*®; G or Gig (giga) = 10™.
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The next two questions pertain to the situation described below.

Two charges Q7 and Q7 are placed on the x-axis, at x = 0 and x = 2 cm, respectively, as shown in the figure.
The charge O, = 5.5 uC, whereas Q; is not known. A third charge ¢ = +4.5 uC is placed a distance x = 3 cm
from the origin, on the x-axis.

Q,=? Q, g =+4.5uC

Superposition principle
+
Coulomb's law

|

1) What must the value of Q; be such that the force on ¢ due to charges 1 and 2 is zero?

(1) Superposition principle allows us to consider Q1 and Q2 separately.

QG 01=-50uC (2) Q2 >0 and q >0, so Q2 pushes q to the right.
b. Q;=17uC (3) Therefore, the force due to Q1 must pull g to the left -> Q1 < 0.
. Qr=30uC (4) The rest is to determine the absolute value from |F2q| = |[F1q].
d. O;=-17uC (5) k |Q2] g/(1cm)*2 = k |Q1| g /(3cm)*2 -> 9 Q2 = |01 =9 X 5.5 = 49.5
e. O =-5.6uC

(6) That is, Q1 =-49.5 ¥mu C.

2) Does your answer change if charge g is now negative?
Notice that from the above calculation (5), q drops out from the problem.

<a)No Any non-zero q gives the same result.
b. Yes
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The next two questions pertain to the situation described below.

Consider the configuration of charges shown:
q1 =-1nC,q;=-3nC,and g3 = +4 nC.
The grid is / c¢m on a side.

Superposition principle!
Forces are vectors.

g,=-3nC

lcm

1cm

g,=-1nC o 0 g;=+4nC

3) Which of the following vectors best represents the direction of the total force F3 s, on charge ¢3 due to g;

and ¢,?

I\

Figure A Figure B FigureC FigureD FigureE

) To answer this only,
a. Figure C you have only to
b. Figure D guess the directions
c. Figure £ of F31 ad F32.
d. Figure B
e. Figure A

(1) F3tot = F31 + F32
(2) Magnitudes: |F31| = kq1g3/(2cm)"2,
|[F21] = kq293/(3cm)"2
(3)Thus, |F31|: |F32|=ql/4:q2/9=1/4:1/3
=3:4
(4) Directions: F31 attractive<— F32 attractiveT

5\%

4) Calculate the magnitude of the total force |F3 s/ on charge ¢3 due to g; and g;.

a. |F301] =26 uN (1) |F31] = kqlg3/(3cm)"2 = (9 x 10"9)(1x10{-9})(4x10{-9}/(0.02)"3
|F'3.101] = 150 uN =9 x 10M{9-9-9+4} = 9 x 10{-5} N

. |F301l = 2200 uN (2) |F32| = 12 x 10M{-5} N. (we know the ratio from above)

d. |F3,01| = 630 uN (3) As a vector F3, tot = (-9, 12) x 107{-5} N.

e. |F30 =93 uN (4) Therefore, its magnitude is 15 x 10°{-5} N = 150 x 10™{-6} N
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The next two questions pertain to the situation described below.

A positively charged rod is brought close but does not touch an uncharged conducting sphere (as shown in
steps a-b below). As a rod approaches, the sphere is connected to ground by a conducting wire (c). The
grounding wire and rod are then removed (d-e).

Key points:

O Charges can move freely' in
conductors.

[0 Conservation of total charge
[J same charges hate each
other.

J @O 0O O E
i (a) [polarized; -_-*_L) i (d)conservion(e)

total charge
conserved |+ escapes |

5) What is the charge on the conducting sphere after the sequence of steps?

a. Zero
b. Positive

@Negative

6) Now the sequence of steps is repeated, starting with the same conducting sphere (uncharged), but without
grounding the sphere. What is the charge on the sphere after the sequence of steps (a-c)?

[©

i total charge = 0 is conserved.
= (a)

Zero

b. Negative
c. Positive
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The next three questions pertain to the situation described below.

An electroscope is built by suspending two identically sized
conducting spheres of mass m = (.02 kg from thin wires of
length £ = 15 cm as shown in the figure. After charging, both
spheres make an angle of 8 = 15° relative to vertical and Q;
= 0>. (Note: in this problem, you may ignore any mass or
charge from the thin wires.)

the total forces on spheres must be
zero.
There are gravitational force mg
and Coulomb force

kQ1Q2/(2l sin¥theta)"2

[21sin 15 |

7) Because the system is in equilibrium:

no total force, no acceleration

a. Gravity does not act on the system.
b. The spheres will experience a net acceleration.
c.) The spheres will not experience a net acceleration.

8) If the charge of hoth Q; and Q> is increased, the angle 6 will:

precisely speaking, we assume Q1 and Q2 are

a. decrease. positive for this answer. Actually, not answerable.
crease.

C. stay the same.

) ) 1=Q2is
9) What is th tude of the ch ? Q
) What is the magnitude of the charge |Q/| witten in the
question.
a. |07 =84 x10°C .
v s Coulomb force = kQ172/(2I sin¥theta)"2
b. |01 =1.6 <107 C
(
c. |0il=5x10%C
d. |0/1=39x10%C \
@ 101] = 1.9 x 107 C L gravity = mg
thta therefore, _
/ mg tan¥theta = kQ11/(2l sin theta)"2

Q172 = mg 4 I"2 tan ¥theta sin"2¥theta/k = 0.02 x 9.8 x 4 x (0.15)"2 tan15 sin*2 15/(9 x 10"9)
= (1.92 x 10MN{-7})"2
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The next three questions pertain to the situation described below.

Consider the collection of 4 charges below:

If we tentatively declare
g3 to be positive, all the
remaining signs are
determined.

(Of course, actually, g3
can been negative.)

N /

q2

Charge +Q produces Q/
¥epsilonO force lines.
Charge -Q absorbs Q/
¥epsilonO force lines.

ql

10) Using the field lines )determine the correct ordering for the magnitudes of the charges

193] < lql1| < |q2] < |q4| Count the number of lines around charges as shown in the
b. [g2] <|qI| <q4| < g3 figure.
c. [¢3] <lq2| <lql| <|q4| 5<7<12< 14,

d. |g1| <1q2| <l|q3| < |q4|
e. lql] <l|q3| <|q2| < |q4|

11) Based on the nature of the field lines which of the following is true:

Force line directions are not given,
The signs of q1 and q2 are opposite of q3 and q4. s0 you cannot tell the signs: g
b. All of the charges have the same sign. you can only tell who has th’e same
c. The charges ql and q4 have the same sign. sign as someone else or not,

12) When placed at which point will a test charge experience the largest force?

CaypP line density tells us the E intensity.
b. R

c. §
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13) A sphere with charge +¢ is placed a
distance d from an uncharged metal
sphere. Of the four figures shown, which
figure best represents the resulting charge
distribution on the metal sphere?

not polarized

° D @

Figur

metal sphere.

The external E polarizes a

The total charge must be
conserved = always O

e A Figure B

o ©® o ©

a. Figure C
b. Figure A
c. Figure D

Figure C

d. None of these

Ce_)F igure B

d violating conservation of

charge

Figure D

The next two questions pertain to the situation described below.

An electric dipole has a separation distance d = I mm.
It is placed 2 ¢m from a fixed, positive charge g = 9.7 uC.

+4

-8
oo
1<;n’m

2cm

14) If |0| = 0.21 uC what is the magnitude of the net force on the dipole due to the sphere?

Superposition principle + Coulomb's law

due to -¥delta

a. F=0N
b. F=87N
c. F=18N
d. F=0.044 N
E)F=43N

x-component of the forc
= kg¥delta(1/(0.021)%2 - 1/(0.

due to +¥delta

02)7~2)

= - (9% 1079) (9.7 x 10%-6}) (0.21 x 107{-6}) x 232

=4252 x 10M{9-12} = 4.25 N.

15) The dipole is released. In what direction will it travel?

a. It will not move.
It will move away from the charged sphere.
c. It will move toward the charged sphere.

We know the x-component of
the forceon qis < 0.
Therefore, action-reaction tells
us the dipole to move ->
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The next two questions pertain to the situation described below.

Given is a map of equal-potential lines (see figure). The
potential is created by three charges in a plane (q7, ¢2,

q3). Potential values are given in Volts . Note the
signs (+/-). Based on the map:

Potential is something like a landscape.
The descending directions and slopes
indicate the electric fields.

+ charges create peaks
- charges create pits.

16) What is the sign (+/-) of the charge q»?

a. +

@_

c. 0

17) How much total work W by you is required to move a charge of / C from point 4 to point B, and then
from point B to point C?

_ The potential energy of a charge Q at potential V is QV (relative to
a\w=0J infinity = 0)
W=4J y=>
c. w=-2J
d w=2J How high you climb up a mountain does not depend on your actual
e. W=-4J paths, but only on the height difference between the destination and
the starting point.

In our case VC = VA, ¥Delta V = 0. No work is needed.
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not a very precise statement, because E is not
the sole fields charges feel. We should say
““uniform E is imposed from outside".

18) You move two charges closer towards each gther by equal distances,

until they are separated by a small distance d. They have equal masses .
ite sign, O and -Q. The charges
are exposed to a uniform electric field £, as shown in the diagram. Keeping

and charges of equal magnitude and op

in mind interactions between the two objects, which statement best
describes the work done by you on the system of charges?

+Q

¢

°
my

dl

Superposition principle: you can separately consider all
the fields, E and the ones due to charges.

E is irrelevant because it is orthogonal to the
displacement.

.-Q

@ I am doing negative work on the system of charges.

b. I am doing positive work on the system of charges. Imagine what would happen o you: you

c. I am doing no work on the system of charges. would

be dragged by the charge.

19) Choose the statement that best describes the work done by
you on the system shown. The objects have equal charge Q,
and the direction of electric field is vertical.

my

®.q

4
di,
4

o

am doing positive work on the system of charges.

b. I am doing negative work on the system of charges.
c. [ am doing no work on the system of charges.

These two charges repel each
other, and you must move them

against "their wishes.'

E is irrelevant.

You can imagine E to be the
slope of the landscape. In this
case one charge goes up and the
other down by the same amounts,
S0 no net work is done by you
against the forces due to E.
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20) Consider the case of two identical charges, with equal mass M = 0.7 kg and equal charge Q = +6 C, in

the absence of an external electric field. The charges start at an infinitely far distance apart, and move in
opposite directions directly towards one another, with velocities of +5 km/s and -5 km/s, respectively. What is
the closest distance d that the charges will get to one another?

The charges repel each other; that is, one charge climbs up the
a. d=8700m potential hill due to the other charge. That is, the potential energy
b. d=58m stored in their mutual relation increases.
c.d=2x10°m [The total energy must be conserved. |
d. d=150km Initially, all energy is K= (1/2)mvA2 x 2 = 0.7 x (5 x 1073)"2 = 17.5 x 1076 J.
Ce—'jd = 19 km Finally, at the closest distance K = 0, and the total energy becomes the

Coulomb potential energy: kQ”"2/d.
d= (9 x 1019)672/(17.5 x 10"6) = 18.5 x 10™{9 - 6} = 18.5 km.

21) What is the change in potential energy of a particle of charge +¢ that is brought from a distance of 3R to
a distance of R from a particle of charge —¢?

+q -q +q q
® A\ ® \
\ ) \ )
Y Y
3R R
Potential energy change
_ 2
@ - 'Zkg /31; = Final potential energy - initial potential energy
b. U=-kq“/4R . . N
c. U=-2kg*/R ::n.tlalI goullomk; po';en?.alI energy - -iqéi:;R.
d. U= ks?/3R inal Coulomb potential energy = -kq .
2.2 Hence,
e. U=kq"/3R

U = -(kq"2/R)[1- 1/3] = -2kg"2/3R.

Let us denote this

as Q.
22) Two 2.9 /fé{rges_are held fixed at the a, Q,

positions shown in the figure. Note that ’ d ’ |
both charges are positive. : A : B
Calculate the change in potential energy L R
U(B)-U(A) of a 1.0 uC charge that is moved X g
from A4 to B. Note that the ruler lines shown Im
in the figure are equally spaced. We can use superposition principle to divide
and conquer the problem.
&) Uu=-0.0147 o
b U=-0042J VI = initial pot-energy of the charge = kqQ(1/(1/4) + 1/(3/4)) = kqQ(4+4/3).
c. U=0J VF = final pot-energy = kqQ(1/(5/4) + 1/(1/4)) = kqQ(4 + 4/5).
d U=0.042J Therefore,
e. U=0.014J U = VF - VI = kqQ(4/5-4/3) = -(9x10"9)(2.9x10{-6})(1x10{-6})x0.5333

=13.9x107M9-12} = 0.0139 J
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This color coding is as perverse
as Discussion figures, and

The next three questions pertain to the situation described below. Ehould be corrected: red should
e +.

Four point charges are equally spaced by a distance d = 4.69 mm

at the corners of a square, as shown in the figure. Three of the

charges are positive, with ¢ = 2.9 uC, while one is negative with d d

charge g =-2.9 uC.

Always recall superposition principle. ‘<c r %. ‘

The magnitude of the electric potential due to any charge at the center
is idential: V = kqg/r, where r = d/¥sqrt{2}. “at the center of d d

the square" is
/_ better.
23) What is the electric potential at the center point between the fixed charges?
/7—|
The contribution of - kills one of + charges' contribution, so we have
only to consider two positive charges.
Vtotal = 2kqg/(d/¥sqrt{2}) = 2¥sqrt{2} kqg/d
= 2.828 x(9x1019)(2.9x10™{-6})/(4.69x10™{-3})
= 15.74 x 10{9-6+3} = 15.74 x 10{6} V.

a. V=-16x10"V
b. V=16x10"V
c. V=22x10"V
d V=-11x10V
e. V=11x10V

24) Considering only the three positive charges, which vector arrow shown below best represents the
direction of the electric field at the position of the negative charge?

\ T / The direction of the field has nothing to do with the
RgureA  FigureB  FigureC  FigureD  Figuref particle that feels the field. Do not be fooled by the
negative charge.

a. Figure A +q

b. Figure B /
c. Figure C
(d\ Figure E +q K

e. Figure D ."'q \\‘

25) Considering only the three positive charges, what is the magnitude of the electric field at the position of
the negative charge? As can be seen from the figure, the field must be in the +x direction
x comp due to A = kg/(¥sqrt{2}d)"2= kg"2/2d"2.

a. E=119x10° N/C x comp due-ta B = (kg/d*2)cos 45 = x comp due to C.
=227 x 10° N/C Adding all of them, Wwe _get

c. E=0N/C E = (kg/d"2)(1/2#'2 cos 45

d. E=1.78 x 10° N/C = (9x1079) (2.9x107{-6})(1.914)/(4.69x10"{-3})"2

e. E=1.08 x 10° N/C =2.27 x 10M9 - 6 + 6} = 2.27 x 10"9 N/C (or V/m).
WARNING: 10 0f 10

Students: you must remember that units must not be in italic contrary to the
practice in this exam. Always look at the textbook as a reliable source.
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x comp due to A = kq/(¥sqrt{2}d)^2= kq^2/2d^2.
x comp due to B = (kq/d^2)cos 45 = x comp due to C.
Adding all of them, we get
	E = (kq/d^2)(1/2 + 2 cos 45)
	   = (9x10^9) (2.9x10^{-6})(1.914)/(4.69x10^{-3})^2
	   = 2.27 x 10^{9 - 6 + 6} = 2.27 x 10^9 N/C (or V/m).
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Physics 102

Formula Sheet

FA2014
Kinematics and mechanics:
x=x0+v0t+%at2 V=V, +at V2 =V +2aAx
2
F=ma v
r
1, p?
E.: =K.E.+P.E. K.E.==mv = om p=mv W = Fd cosé
Electrostatics:
k
Fp = k2 _F u,, = X% v=2 W, =AU =-W,,
r Jo r Qo
Point charge: E= k—g V= kq
r r
Electric dipole: p=qd Ty, = PESING Ug, =—PEcosd
Resistance:
R E\T/ | = % Physical resistance: R = pL
2
P=IV=1R="L Rg =R, +R,+: L 1.1,
R Re R R,
Capacitance:
C s% Parallel plate capacitor: C = KEOA, V=Ed
2
2 2 2 C Cs C G,
Circuits:
ZAVZO Zlin:zlout
at) =q,@1-e*) at) =gee™'* 1(t) =l t=RC
Magnetism:
F = quBsing - % F,., =quBsing Toop = NIABSIN g
Magnetic dipole: m= NIA Ty, =mBsiNg Uy, =—mBcosg
I
wire — foo Bsol = :uOnI

2rr



Physics 102

Formula Sheet FA2014

Electromagnetic induction:

AD
g=—N—
At
|8bar| =BLv
V,
V= max
rms \/E
Electromagnetic waves:
_c
f

n siné, =n,sing,

Interference and diffraction:

Double slit interference:
Single-slit diffraction:
Circular aperture:

Thin film: o =(0or3)

Quantum mechanics:

® =BAcosg
Egen = Emax SIN @t = NAB sin ot = 2af
|y = 121 Vo _1s _Np
rms
V2 Ve I, N
E=cB
2
B? U:%EOErzms +2iBr2ms :goErzms = Bims S=I1=uc
Ho Ho
| =1,cos°6
1,11 (R nh__d
d, d f 2 h, d,
VZE Sinﬁc_k Mzgzdnear
n n 0 f
dsind=mi dsing=(m+31)2 m=0,+1,+2...
wsingd =mi m=+1+2...
Dsing ~1.22/
Ng:
d, =(0or 1) +2t— |0, —&|=(mor m+1) m=0,12...

E=hf = he A= h
A P
Blackbody radiation: A, T =2.898x10°m-K Photoelectric effect: K.E.=hf —W,
AprX > E = L
2 T
Bohratom:  2ar, =ni n=123... L, =mv,r, =nh

mke?

272 |n

K% \n? _ n? mk?e* | z2 Z2
r =£_J? ~(5.29x10 11m)? E, =—( — z—(13-69V)F



Physics 102 Formula Sheet

FA2014

%z (1.097><107m—1)z{

1
n?

Quantum atom: L=,//(/+Dh

>
2 e

Nuclear physics and radioactive decay:

A=Z+N r~(1.2x10 ¥ m)AY3
% =—IN N(t) = Nge™ = Ny 2 VT2

Constants and unit conversions:

g=9.8m/s? e=1.60x10"°C
£, =8.85x1072 C?/ Nm? k=—1 —899x10° Nm?/C2
4re,
c=— 1 —3x10°m/s h=6.626x10"J s
VoMo
1eV =1.60x107° J Mproron =1.67 %1072 kg =938 MeV
Sl Prefixes
Power Prefix Symbol

10°  giga G
10°  mega M
10° kilo k
10° — —
10°%  milli m
10°  micro mn
10°  nano n
10 pico p

m

electron

E, =mc®
In2 0.693
T,,=—=
2 =" 1

o =4xx107"T-m/ A
hc =1240nm-eV

=9.11x10"* kg =511keV
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