5C-F21 Midterm 1B

CLAIRE HATHAWAY

TOTAL POINTS

31.5/40

QUESTION 1
17 pts

11 1/1
v - 0 pts Correct

- 1 pts Click here to replace this description.

12 0/1
- 0 pts Correct

v -1 pts incorrect

1.3 1/1
v - 0 pts Correct

-1 pts incorrect

14 1/1
v - 0 pts Correct

-1 pts Incorrect

15 1/1
v - 0 pts Correct

-1 pts incorrect

16 0/1
- 0 pts Correct

v -1 pts incorrect

17 1/1
v + 1 pts Correct
+ 0.5 pts Fnet=F_CA + F_CB

1.8 1/1
v -0 pts (a)

-1 pts incorrect

19 0/1

- 0 pts Correct

v -1 pts incorrect

110 1/1
v - 0 pts Correct

-1 pts incorrect

111 1/1
v +1 pts Correct
+ 0.5 pts lines drawn correctly
+ 0.5 pts direction is identified

+ 0 pts incorrect

112 1/1
v - 0 pts Correct

-1 pts incorrect

113 1/1
v - 0 pts Correct

-1 pts incorrect

114 1/1
v - 0 pts Correct

-1 pts incorrect

115 1/1
v - 0 pts Correct

-1 pts incorrect

116 1/1
v - 0 pts Correct

-1 pts incorrect

117 1/1

v +1 pts Correct. Plot has the criteria: 1) $$V(x)

\rightarrow +\infty$$ at exactly where the charges



are 2) $$V(x)$$ should go as $$\frac{1}{x}$$ away v -1 pts Partially correct $$a$$ (at least 1 of 2 criteria

from each point charge, and 3) $$V(x) \neq 0$$ in met)
between the charges. There should be a noticeable - 2 pts Incorrect $$a$$ (neither of the criteria met)
difference between $$V(x)$$ in the region between v - 0 pts Correct $$E_{total}$$ plot: energy is
them and the regions outside the charges ($$V conserved regardless of the position, and thus the
\rightarrow 0$$ as $$x \rightarrow \pm \infty$$) plot should look like a straight, horizontal line.
+ 0.5 pts includes two of the above criteria - 2 pts Incorrect $$E_{total}$$ plot: is not constant
+ 0 pts missing two or more all the way through.
QUESTION 2 22 35/4
23 pts + 4 pts Correct

v + 1 pts Correct Electric field formula
21 8/12

v - 0 pts Correct $$V$$ Plot: 1) constant (nonzero)
inside the sphere, and 2) decreasing as
$$\frac{1}{x}$$ outside (both sides, all positive)

- 1 pts Partially correct $$V$$ plot (at least 1 of the 2

v + 1 pts Correct force formula

v + 1 pts Correct calculation of charge

v + 1 pts Attempted

v - 0.5 pts Everything else right, but the numbers are

wrong
criteria met)

- 2 pts Incorrect $$V$$: Neither of the criteria met 23 4/4
- 0 pts Correct $$U$$ plot: 1) constant inside +4 pts Correct
sphere 2) "increasing" as $$-\frac{1}x}$$ outside v +2 pts Attempted
(essentially flipping the $$V$$ upside-down).

v -1 pts Partially correct $$U$$ (at least 1 of the 2

criteria met)

v + 2 pts Discusses relevant details of the motion
other than the oscillatory behavior

- 0.5 pts Some important detail is mentioned

- 2 pts Incorrect $$U$S$: neither of the criteria met incorrectly

- 0 pts Correct $$K$$ plot: 1) constant (nonzero) + 1 pts Only mentions force or field lines or initial

inside sphere 2) decreasing as $$\frac{1}{x}$$ outside

direction

(should look very similar to correct $$V$9).
v -1 pts Partially correct $$K$$ (at least 1 of 2 24 2/3
criteria met) + 3 pts Correct

- 2 pts Incorrect $$K$$ (neither of the criteria met) v + 2 pts attempted

- 0 pts Correct $$v$$ plot: 1) constant (nonzero) + 0.5 pts Correctly identified the initial
inside sphere 2) decreasing as $$\frac{1}{\sqrt{x})$$ energy/voltage
outside. Just has to look similar to $$\frac{T}x)$$ to + 0.5 pts Correctly calculated the maximum kinetic
count. energy
v -1 pts Partially correct $$v$$ (at least 1 of 2 criteria - 0.5 pts Everything correct but plugged in numbers
met) wrong

- 2 pts Incorrect $$v$$ (neither of the criteria met) + 0 pts no attempt

- 0 pts Correct $$a$$ plot: 1) $$a = 0$$ inside the
sphere (because $$E = 0$$ inside, and thus $$F =
0%$9%) 2) and decreasing as $$\frac{1}{x*2)}$$ outside.
Just has to look similar to $$\frac{1}{x}$$ to count.
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Problem 1 (17 points)

(each multiple-choice question has only one correct answer)

J
1. Consider electric charges that have electric potential energy and can mowe freely. In what direction
will charges move? -

(a) + and - charges move to regions of higher potential energy.

+ and - charges move to regions of lower potential energy.

(c) + and - charges move to regions of lower potential.

(d) + and - charges move to regions of higher potential.

2. Consider two positive point charges, Q and 2Q, separated by a short distance. Along the line connecting
the two charges the electric field is ...

(a) the largest exactly between the two charges. 1 ((
P —_ . e~

(b) pero.

Q bjc vepel?

(c) the largest near the 2Q charge.

3. A balloon is negatively charged by adding 108 excess electrons. An electron is placed next to the
balloon. Which of the following statement is true?

(a) The electric force on the electron is 10° times larger than the force om the balloon.

(b) The electric force on the balloon is 108 times larger than the force on the electron. @
(c) The electric force on the balloon is zero.
X 3"0 L
The electric forces on the balloon and the electron have the same magnitude. Newlon Lacy
Fae = FBn

4. If you charge a plastic rod by rubbing it with a silk cloth, then bring it close to an uncharged conducting
ball, what will happen? -~

(a) Nothing. U}'\tV\O\Va ed w ilt vnaee ou'POlC
@The rod will attract the ball. wwrein por it atvract”’

(c) The rod will repel the ball.

¥V constant

5. A parallel plate capacitor is charged with a battery and Wj_&i@g at all times. If
you push the plates closer together, what happens to the charge on the plates?
(a) )Increases. Q wauwnt o ve (at€

(b) Decreases.

(c) Stays the same.

TC< e, A =
R
Coutd pe s

bfe Q wot
thunge  C

v,@,C
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\ 6. You place a conducting metal sphere with no net charge next to an infiinitely large,' positively charged:
sheet without touching it. The conducting sphere will ...
(a) )be polarized and attracted by the positive sheet.
(b) be polarized and repelled by the positive sheet.
(c) be polarized but not experience any electric force at all.
(d) not be polarized.
-9 -q
7. What is the force on charge C? F.. = (4x10% 'f_"’f ) (10 V)(""E’_ )
8¢
.ol
4nC -nC  1nC | (06}
AD B = cH Fee= -94x10°® N
lem dem
Fac =(ar10° NEF N Linio %) (‘h\w'"ﬂ)
_ AC
FB(-PFA(‘:('C\X“) 5N)+(c‘$'0"3N):0 Q)
(.o \02) yy‘)
Net Fovee o € = o,\T] Fac = 4%10° % n
N 8. The ‘lectric field at a point on the line between two charges is zero, what do you know about the

charges?
@T he two charges have the same sign. & V‘LP'M
(b) The two charges have the opposite sign. & oftvacl
(c) The sum of the two charges iszero. ow'¢ FHarnike HUS Makttes )

(d) The charges are the same magnitude.

)L 9. Consider two solid conducting spheres (separately). One sphere is small (radius R) and the other
sphere is large (radius 2R). If both spheres have exactly the same charge, which sphere has the higher
potential relative to a point far away?

Z(a) Si:he large sphere. @ A @
(b) The small sphere. '\
| Wigner V. wfc same chawge butb

&Scumc (v awuy i 07 Forvthey cliskivice

10. An electron and a proton accelerate from rest through a potential' difference of 5 kV and speed up-
(they are moving in opposite directions). Which of the following statements is true? (the proton has
1836 times the mass of an electron)

(c) Both spheres have exactly the same potential.

N

cld\/: [K = Ko - e

(a) Both particles acquire the same kinetic energy and velocity.

he electron will move faster than the proton.

(c) The proton will move faster than the electron. e = “Z myv

p &/‘«\

3eb 5o chweled AMONY
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Quualitatively

¢ charge is placed next to an electron as shown.

N 11. A solid conducting sphere with no ne
d the electron and conductor.

correct sketch the electric field lines aroun

/_s\ wo i il

D

/ (\g——//_/ conductor

Qa dl’gole[ Le

wict €@
polavizeat 4

electric charge. Which of the following

N 12. The pointer in an electroscope indicates the presence of an

statements is true?

(a) The net charge on the electroscope is positive.

(b) The net charge on the electroscope is negative.

@The net charge on the electroscop
t charge on the electroscope could be p

e could be positive, negative, or zero.

(d) The ne ositive or negative but not zero.

aced close to a negative electric point :charge without

with no excess charge is pl

X 13. An insulating sphere
Which of the following is true?

making physica[ contact.
(a) JThe insulator is attracted by the p
ulator is repelled by the point charge. ’ )
6!\31/\} atvachiont wvok

mMiGosopi arhacHon”

oint charge.

(b) The ins

(c) The insulator does not experience an electric force.
big byt presant’

ed next to a large positive charge without ‘making physical
e charge on the insulator

1 no net charge is plac
hing it briefly with your finger th

4. An insulator with
ontact. 1T you ground the insulator by touc

will be ...
N positive. (QY\(,\\A"UV s
ON
e ( & \\
(b) negative. Q/"
(c)) zero. (

apacitor, what happens to the ccapacitance C?

15. 1f you double the voltage between the plates of a ¢

‘ (a) It doubles.

(b) It decreases by a factor of 2.

( (c))It stays the same.

bjlc C wot depond Enk

(1

Q.
%

onw & % V




N 16. Which of the arrows best represents the electric force on a proton at point P?

S, Lot €
O Hu (71,5/(4["

AN | ©}

®) / € 1 ZERO

)( 17. Two identical positive point charges Q are located on the x-axis. (dashed line) and separated from
each other. Sketch the electric potential V(x) as a function of x along the dashed line, to the left, the

right, and in-between the two charges. _/Ul\ ,

oo




Problem 2 (23 points)

A hollow conducting sphere of radius R=20 cm is positively charged to a voltage of 10 kV relative to a
point infinitely far away. The sphere has small holes on the left and right. The holes are large enough so
that a particle (i.e. test charge) can pass unobstructed but small enough so that they do not disturb the

symmetry of the field. A test charge q= - e is placed a distance of d=50 cm to the right firom the surface
of the sphere and is released from rest.

(a) Qualitatively correct sketch the following parameters everywhere inside and outside the sphere: elec-
tric potential of sphere, potential energy of the test charge, kinetic energy of the test charge, velocity of

the test charge, acceleration of the test charge a, and total energy of . (12 points] V= 101V
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(continued on next page)



V= 10x10®> V. gz ~exi"C d= 0.5 m K
R=0.27 wm

"
o

F

(b) Calculate the force on the test charge at its initial position. [4 points] i
2
V= & o qome® Ve (e ) X - @t 272m 0077
4 0.lm

c}.
F=K.9Q = (ang® NLL';‘) (-Lexiomacy(222000°C) gl s
" (o.5m™)

Fz-h28x)7'° N

(b) Describe the trajectory and motion of the test charge in your own words. [4 points]
The test w\omje wilt quitkiy speect up to veatin Hre sphicie
Since ey ave athacteed due to ey opposite thavges. whle

Fhe  spnert 1t will waiatant a Constant speect. Once
bolRaves mae Spreve i will stow clownn a3 iF IS
wtavovabie fov opposite cnm&es_ o be yhevee owery

me €Ut orhev. It wi\\ Ireely maove enhvely ' a S\_‘vm‘{jw
ke againsk Mt eechic el on the Hangent,

Kmax
(c) Calculate the highest kinetic energy the test charge will acquire. [3 points]

ple = %mv“--‘z-lyff BUzqBV= AR =5 MVt

qAV= 8K = (-16x107' €} Lox10® V) = -lex 1077 ]

Kmax = -1 x 107 )




