Name:

S.S.N.:

Exam I,
Physics 122-Summer 2003, Thu. 7/24/2003

Instructor: Dr. S. Liberati

GENERAL INSTRUCTIONS

Do all the problems by writing on the exam book (continue to work on the
back of each page if you run out of room).

Write your name (in capital letters) on every page of the exam.

Purely numerical answers will not be accepted. Explain with symbols or
words your line of reasoning. Corrected formulae count more than corrected
numbers.

Use a calculator

Hints to do well

Read the problem carefully before you start computing.

Do problems with symbols first (introduce them if you have to).

Only put in numbers at the end.

Check your answers for dimensional correctness.

If you are not absolutely sure about a problem, please write down what you
understand so that partial credit can be given.

Honor Pledge: Please sign at the end of the statement below confirming that
you will abide by the University of Maryland Honor Pledge
"I pledge on my honor that | have not given or received any unauthorized
assistance on this assignment/examination.”

Signature:
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Useful Constants & Formulae

Fundamental unit of charge: |e| =1.6x10" C
Constants: Coulomb constant : k, =8.99x10° N-m?*/C?,
Permittivity of vacuum: ¢, =1/(47k,)=8.85x107" CZ/(N- mz)

94,

2
r

Coulomb Law: F, =k,

Electric field:
E=F/q,  Forapointcharge Q: E=kQ/r’  For aparallel plate capacitor: E = q/(¢,A) = 0/¢,

Gauss’ Law: E(E cosP)AA = Q/g,

Electric potential energy: W,, =-A(EPE)=EPE, - EPE,

V = EPE /q, W ==qAV =q,V, —qVs

Electric potential: ]
For a point charge: V =k,Q/r

. - . . A
Relation between electric field and electric potential: E= —A—V
N
Dielectric constant: k=E,/E
C=qlV For a parallel plate capacitor: C =k¢,A/d
Capacitors: . . 1 .,
Energy stored in a capacitor EPE,, . = ECV
’ . L
Ohm'’s law: V =RI For a wire : R=pZ
. DC generator : P=I-V=12R=V2/R
Electric power: _
AC generator: P=1_ -V =1’ R=V:, /R
. . . . I 1 1 1
Series wiring: Resistors: R =R + R, +..+ R, Capacitors: —=—+—+...+ —
Cs Cl C2 Cn
. . 1 1 1 1 .
Parallel wiring: Resistors: —=—+—+..+ — Capacitors: C, =C,+C,+..+C,
R, R R, R,
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Part I: Short Answers (5 points each)

Question 1

Concerning charge, which of the following statements are true or false:

a) Charge is quantized: Q=ne, where e=1.6x10" C and n=0,+1, +2, +3....

a) Like charges repel, unlike charges attract.

a) A negatively charged object is regarded as having a deficiency of electrons
a) Ordinary matter is electrically neutral.

a) Qelectr0n=+ 1 ¢, Qproton=_ le’ (gneutron=+2e

a) True,

b) True,

c¢) False,

d) True e) False|

Question 2

State the SI units and dimensions of each of the following physical quantities:

. . Dimension
Quantity S.I. Unit (in terms of [M],[L], and [T])
Electric Force N [ML/T?]
Electric Field N/C [ML/QT?]
Electric Potential Energy J [ML*/T]
Electric Potential J/IC=V [ML?/QT?]
Electric Current C/s=A [Q/T]
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Question 3

Four conductors A, B, C, D, are electrically charged. You observe that
a) A and B mutually repel
a) A and C mutually attract
a) A and D mutually attract
Which of the following predictions is supported by the empirical evidence?

1) C will attract D; C and D will each repel B

1) C will attract D; C and D will each attract B

1) C will repel D; C and D will each repel B

1) C will repel D; C and D will each attract B

1) C and D will each attract B but we cannot predict which the mutual effect of C
and D will be.

The above information tells us that: C and D have the same charge which is opposite to that of A and B

This implies that only proposition (iv) is true.

Question 4

We have two light bulbs, say A and B. Their filaments are made of the same material
and have the same length. However the filament in A is thicker than the filament in B.
On the base of this information answer the following questions:
a) If we connect the two bulbs in parallel to an outlet, which of the two will be
brighter? Explain your reasoning
a) If we connect them in series, which of the two will be brighter? Explain
your reasoning.
Hints: 1) Remember the dependence of the resistance of a wire on geometry and
material. 2) The brightness of the bulb is determined by its power.

R=pL/, = R, <R,
When in parallel V applied is the same and P = V* / R = P, >P,

When in series I applied is the same and P = I°R = P, >P,
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Part I1: Short Exercises (10 points each)

36 W

Exercise 1
i The circuit shown in the picture is composed
S A by a battery and four resistors whose
ﬁL resistances are R;=260 2, R,=150 Q, R,=100
= R=1000 1 9 R,=200 Q. Find:
Ro=150 Q% l[ a) The total current supplied by the
= = battery. [Hint: consider the equivalent
= R4=2000Q resistance of the circuit]
+ T a) The voltage between points A and B
| | d B of the circuit. [Hint: consider the
i equivalent resistance between A & B]
LR a) The total current can by found by Ohm’s law
W T once the equivalent resistance of the system is
known. One can find the equivalent resistance of
R2:1500§ % reseamsona | the circuit in few steps. As shown in this picture
we can start replacing R,=100 Q, R,=200 Q. R by
. an equivalent resistance R, ; ;= R;+R,=300 Q.

Ri=260 0

A

\""\‘"\f\a'"-" —|
=

Reglz-3-4/=100 Q
+j
1

36V
B

We can now find the equivalent resistance between A & B
by considering that R, and R, ; 4 are in parallel.

1 L N 1 3 1 N 1 3 1
R, Req_(3_4) 150Q2 300€2 10092
Req—(2—3—4) =100 Q= R,y

Req—(Z— 3-4)

WA

Req(1-2-3-4=360 Q

.
1

36V

We can now determine the total equivalent resistance of the circuit
by considering the series of R, and R, 34, Ohm’s law then
provides the total current provided by the battery

Vv

b) The Voltage across AB is finally found considering the equivalent resistance

between AB and Ohm’s law:

Vs = IR, = (0.104)(100 Q)=10 V
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Exercise 2

In a certain region of space the electric field has a constant value of 5.0x10° V/m and it
is directed downward. Consider a point P at the center of this region. Find the variation
in the electric potential when one moves from point P to the following points:

i) Point A located 8.0x10 m directly above P.
i) Point B located 5.0x10~* m directly below P.
i) Point C located at 3.0x10~ m directly to the left of P.

Hints: ij) Remember the relation between the electric field and the electric potential.
k) What is the work done if one moves a charge orthogonally to the electric field?

Let start assuming conventially that upward directions are positive.

Then E < 0 because it points downward. So E = -5x10° V/m

The potential at different points can be determined using the formula E = —AA—V
)

A (V,-V,)=-E(x,-x,) = V,=V,-E(x,-x,)
V,-V,=5x10" V/mx8x10” m=40 V

D B: (Vy=V,)=-E(x;-x,) = V,=V,-E(x;-x,)
Vy =V, =5x10° V/mx(-5x10" m)=-25 V

k) Moving a charge orthogonally with respect to E does not involve a work
(F=qE, W =F-s=01s s perpendicular to F, i.e. to E)
So0AV,.=qW =0 so V, =V,
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Part I11: Problems (20 points each)

Problem 1
EI=C'
Qa=+1C E ! E Q=2
Y ————— - e ot
] I I
! I =3 cm ! Iz !
',.'___________________H_z_g_grl-l __________________ ..,.:

Two positive charges Q,=+1 C and Q, are separated by a distance R=9x10~ m.

1) What is the value of Q, if the electric field is zero at a point between the charges,
3x10? m from charge Q,? (See picture)

0 Qb) 0, 9 0 2
E=k =a _ =b =O = 4 — =5 = a R—}" =
L(r21 r22 ri2 r22 ’]2 ( 1) Qh
62
Qb =1C3=+4C

1) With this configuration of charges (i.e. same positions and Q, as obtained above),

what is the electric field value midway between the two charges?
(k,=8.99x10° Nm*/C?)

E=ke(Q—§—%’)=—8.99-109 Nm?1C? x——>C S = 27
reor (0.045 m) 2025
The minus sign implies that the total field has the same direction of that generated just by O,
so it points away from Q, (Q, is positive)

10 N/C=-13-10% N/C

1) What is the net force acting on a -2 mC (N.B. mC=milliCoulomb=10" C) charge
in this point equidistant from Q, and Q,?

F=E-q=-13-10" N/Cx2-107 C=-26-10" N

The minus sign says that also the forces points away from Q,
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Problem 2

A particle with charge q=-1.5 uC and mass m=2.5x10° Kg

E K is released from rest at the negative plate of a capacitor

. (point A in the picture) and hits the positive plate 5x10° m
A . , | away (point B in the picture) with speed v=42 m/s,

E iy a) What is the difference in potential energy AV=V;-V,

between the two plates?

b) Remember that the electric force between the plates
e e . of the parallel plates capacitor is constant and
orthogonal to the plates. Taking into account that the
particle moves along the line of action of the force compute the magnitude and
direction of the electric field between the plates.

¢) Knowing that the permittivity of vacuum is £,=8.85x10"*C*/(N-m?*) compute the
charge per unit area o of the plates.

d) If the plates have an area of 5x10 m?, compute the capacitance C of the
capacitor.

a) W=-gAV butalso W =AKE = %mvz =2205x107° J

= AV=—r=""———=1470V , AV>0 = V, >V, (Ok, the negative charge "goes uphill")
-g 15%x10™ C
by E=Flq , W =F-d=-Fd (displacement opposite to the direction of E and hence of F)
6 -3
Fewid=-22020" T jix10° N = E=F/q=w=294ooo N
5x107 m -1.5x10™ C C

The field is directed from positive to negative (opposite to direction of the negative charge motion)

o 1 C? N uC
c) EPPCap = g = O= EOE =8.85x10 W X (294000 E) = 26?

d) C=QIV = Q=a-A=(2.6“—f)(25x10-2m2)=0.65 uC
m

C=0ov=2PMC 440 wr
1470 V

Alternative pathtod) C=ke,A/d  but k=1 (Nodielectric)y = C=¢A/d=4.4-10" uF
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Problem 3

Ri=10.0 O Rz=10.0 0
W l VWA
?: Ra=15.0Q
E Va=15.0 V
+
i ' )]
Vi=15.0 V Ve=25.0V

For the specific circuit shown in the picture calculate:
a) The current I, through the resistor R,
b) The current I, through the resistor R,

¢) The current I, through the resistor R,

Hint: use Kirchhoff’s laws
Let's choose the current flows as in the picture below

Applying the loop rule to the left loop gives
Vi=RI,+RI,+V, = RL+RI,=V -V,
Applying the loop rule to the right loop gives
0=V,+R,,+RI,+V, = RL+RI =-V,-V,

The junction rule implies L+1,=1

I+1,=1,

So we need to solve the system (R, + R, =-V,-V,
RI+R]I, =V -V,

L+1,=1,

RL+RIL,=-V,-V, = [=15A 1,=-25 A [,=-10 A

Rl +R,1, =0

Whitin the choose direction the signs for the currents imply

I, =15 A toward right, 1,=25 A toward right, I1,=1.0 A up

Ri=10.0 O Rz=10.0 0
W MW
/‘_-\ - fﬁ
;Va:!S.U v
i i
Vi=15.0V Va=25.0 VW
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