.. Midterm 2 Solutions

Nam 1D:

Physics 203

Midterm Exam 2
5/15/2024

Collaboration is not allowed. Allowed on your desk are: ten 8.5 x 11 inch doubled sided sheets of

notes that are bound together, non-communicating graphing scientific calculator, 1 page of scratch
paper, writing utensils, and the exam. You will have 80 minutes to complete this exam.
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For questions 1 through 6 fill in the square next to all correct answers. A given problem may have more than
one correct answer. Each correctly bubbled answer will receive two points. There are 7 correct answers in this
section and only the first 7 filled in answers will be graded. There is no partial credit.

1. A ngid electric dipole is free to move in the non-uniform electric field represented in the figure. Which of
the following phrases accurately describe the initial motion of the dipoleif it is releasgl from rest in the posi-

1 117 -
tion shown: t,yf F 2 blz,u-
{(a) It moves to the left.

0 (b) It moves to the right. R
0 (c) It does not move at all. (\@——@?\9 F E

0 (d) It moves towards the top of the page. \
0 (e) It begins to rotate.

2. Two uncharged, conducting spheres, A and B, are held at rest on insulating stands and are in contact. Later, a
positively charged rod is brought near sphere A as suggested in the figure. While the rod is in place, the two
spheres are separated. How could the spheres be charged, if at all?

Sphere A Sphere B

O (a) positive positive —+ s Q

a (b) positive negative

N@ negative positive

o (d) negative negative

a (e) zero zero

Triboelectric Series

3. A wool sock 1s rubbed against your skin. Which one of the following ::: o
statements 1s most likely. Tends t8become ©!ass _
positive :u‘man Hair c
; : on
0 (a) The wool gains protons and your skin loses electrons. w):)ol
A Lead
0 (b) The wool gains protons and your skin loses protons. Cotton
Silk
If(c) The wool gains electrons and your skin loses electrons. Aluminum
Paper
0 (d) The wool loses electrons and your skin loses electrons. 362:;

Nickel, Copper
Gold, Platinum
. . . Natural Rubber
0 (f) The wool gains protons and your skin gains protons. Sulfur
Polyester
Acrylic
Polyurethane
Polyethylene

0 (e) The wool loses electrons and your skin gains protons.

Tends ecome
e ve Polyp.ropylene' )
Polyvinylchloride (Vinyl)
Silicon
Teflon
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4. Consider the three equal magnitude electric charges shown below, separated by equal distances. Which of the
following statements are true?

Eg - Es E *d
S ST g g
"_.- 3 @ o

., A [:‘ B C

0 (a) The net electric field at A, from charges B and C, is the largest magnitude of the three locations.
(b) The net electric field at B, from charges A and C, 1s the largest magnitude of the three locations.
0 (c) The net electric field at C, from charges A and B, is the largest magnitude of the three locations.
N((d) The net electric potential at A, from charges B and C, is the highest of the three locations. & V= 59 +smal
O (e) The net electric potential at B, from charges A and C, is the highest of the three locations. €~ v= ”’.1’ bﬂ
0 (f) The net electric potential at C, from charges A and B, is the highest of the three locations. &~ V= b‘j -seall

. . . - . . . V (volts)
5. Pictured is a graph of the voltage along the x-axis for a region. Which of 6
the following graphs could describe the electric potential energy of an elec-
tron in the same region? :
2
(@ Yo N %)
Ut Ut ' 1 2 3
O (ﬂ) |
v (b) U=qV
0 (c) L . : 5 S !{m}/\ . 3 ! X(ml/ U =(V
od Y e
UE u! U!
o) | \ V
\_ 1 2 3 xtm’/\ 1 o2 3 \_ 1 2 3 X
6. Two uniformly charged spheres are firmly R n n
fastened to, but electrically insulated from, 2 Fofl A F,,: 2 F[,:1 2 E: ) {_2 s
their bases. The net charge on sphere 2 is + o y e
three times the net charge on sphere 1.
Which physical representation correctly o o e o o o o o
shows the magnitude and direction of the
electric forces on each sphere? Ef 1 2 F-Ez @ Ff 1 2 E°
= B =& G
0 (a)
0 (b) Newlpat D o e e @ e
0 (c)
(o L% PN N
o (@) - l( — -—g > W B>
|ac;
o () : :
o o e o o o o o
@y focs depns
TR T l None of the above

D equt fores
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7. (11 powts) You can find the mass of a test charge by shooting - - - - — — | 'b/
it horizontally in between a set of large parallel plates, as . FF =
shown in the figure. The voltage (electric potential difference) ! T l E

between the plates can be adjusted so that the charged particle
does not deflect from its original trajectory. A helium nucleus
of charge +2e and mass 6.6 x 102" kg is fired into such a par-

allel plate system. Assume a constant electric field between the
plates.

FS
CF A F F F  F Jtt

(a) If the charge is not to deflect, what must be the sign of the chatges on each of the plates - draw them on
the plates in the figure.

(b) Which plate is higher in electric potential?
(c) What magnitude electric field will prevent the helium nucleus from deflecting?

(d)If the electric potential difference between the plates were decreased, would you expect the particle to de-
flect up, down, or not at all? Explain.

(e) If the mass of the particle were reduced, with the onginal voltage difference and plate separation, would
you expect the particle to deflect up, down, or not at all? Explain.

(0> 482

_cE , —fz 1?
1 £ a. 20 =) No l&LICL’FIM
Lhro? (D=tr(1) > ET

\b ?1

(b) + Cl’lw}.&) create +V ) nejq,klvc

LLM)&'I Cncwtt -V :7 loe‘l’fb’f'\ plxl'e— L\as Lialler 4

(A) F oV JuMJ the

dmu-ros on evch 'olvl\'. Nast

° ler D less E
E 9 _ no d ‘ﬂécl’b’\ D a,z0 LX- Sra
FErfd= n7?, e ” e ot a Lt

Jowv\uvl L/c F, i$ pov
Sh‘n,w‘ than Ff

(C‘) [‘ry = Nay (;c.; £06D abn!)

18 7M = ©

E, =04 = (59""’”#1)(?.33‘
1 (D exb™O)

Z.()Xlo-7—g— Cc) nl d F? s saler
2 lFE]>]F’) 2 deflt
Vprwds touwds top phie
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7. (14 points) On Earth, a 0.3 kg charged pith ball (labeled 1 in the diagram) 1s ///////'I////
hanging from a string at an unknown angle of @ with respect to the vertical. A :
second charged pith ball (labeled 2 in the diagram) is fixed to a table such that
it 1s 0.85 meters away from the first ball. The line between the two balls makes
an angle of 30 degrees with respect to the horizontal. Both pith balls have
identical +5.8 PC charges. The system is in equilibrium. Model the pith balls as

point charges. Note, the figure 1s not drawn to scale and 8 1s not 30 degrees.

(a) What is the electric field created by the second charge at the location of the
tirst charge? Using a standard coordinate system, express in cartesian com-
ponents as <Ey, E,>.

(b)Is this in stable or unstable equilibrium? Explain.

(c) What is the angle, 8, the string makes with the vertical?

= 0.95.
(0\> E = K ‘@Slz A? Oisn 30
lAf -0.136m
AT = <0136, 0,425% n
lA‘r'\ = 0.%5~ > E= 71,1% 4-0.:%,0.57%
A -
A = <0.866, 0.5 = (e1500 3“”7%

(L) SL"L"' ) ;'F neve R@ p) ‘k“"‘ FE 3¢LS Sraller 6(&.?“7
foves £ back bo Cumend locct®n. TF rowe 6>\,
bea ¢E gd:s My( > noves it back t Comed
lotva. 2 shble %ultb

X
> o X .
FF +F5 = i F1egf o7 ngf

€ T
L2 ;1{';7 = '.F’

R iy 15 30

+(5.85) (36,00)
f, = qE« = -LTIN
- 363
e [ g b (3
= 0.%3 N D

O- 7.560
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