20W-PHYSICS1B-1 Midterm 2

TOTAL POINTS

102 /105

QUESTION 1
Problem 115 pts

11(A)5/5
v + 5 pts Correct
+ 0 pts Incorrect

12(B)5/5
v + 5 pts Correct
+ 0 pts Incorrect

13(C)s/5
v + 5 pts Correct
+ 0 pts Incorrect

QUESTION 2
Problem 2 30 pts

241(A)7/10

v + 2 pts Gauss Law

v + 2 pts Correct formula for E

v + 2 pts Correct calculation for E
+ 2 pts Correct formula for Q
+ 2 pts Correct calculation for Q
+0 pts Wrong

+1 Point adjustment

22(B)10/10
v + 2.5 pts Correct formula
v + 2.5 pts Correct interpretation as a point charge
v + 2.5 pts Correct total charge enclosed for the
system
v + 2.5 pts Correct calculation

+ 0 pts wrong

23(C)10/10

v + 2 pts Correct Initial energy

v +1 pts Correct initial energy calculation
¥ + 2 pts Correct final energy

v + 1 pts Correct final energy calculation
v + 2 pts Energy conservation equation

v + 2 pts Correct calculation

+ 0 pts Wrong

QUESTION 3
Problem 3 30pts

3.1(A)10/10

v + 2 pts Correct electric field on left

v + 2 pts Correct electric field on right

v + 2 pts Correct formula of electric field

v +1 pts Correct field direction between plates

v + 2 pts Correct calculation of sigma

¥ + 1 pts Correct calculation of electric field between
plates

+ 0 pts Wrong

3.2(B)1or10

v+ 3 pts V = Ed or integral
v + 4 pts Correct Expression for V
¥ + 3 pts Correct Numerical Value

+ 0 pts Incorrect

3.3(C)10/10

v + 3 pts E_{i} = E_{f}
v + 4 pts Correct Energies
v + 3 pts Final Answer

+ 0 pts Incorrect

QUESTION 4
Problem 4 30 pts



41(A)10/10
v + 2 pts Potential Integral
v + 2 pts Potential Calculations
+ + 2 pts Correct Potential
v + 2 pts E = - grad(V)
v + 2 pts Correct E given V
+ 0 pts Incorrect

42(B)10/10
v + 2 pts Potential Integral
v + 2 pts Potential Calculations
+ + 2 pts Correct Potential
v + 2 pts E = -grad(V)
v + 2 pts Correct E given V
+ 0 pts Incorrect

43(C)10/10
v +5 pts E_(x} is non-zero
v + 5 pts Reasoning
+ 0 pts Incorrect

+ 3 pts Mention symmetry (only if incorrect answer)
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Write your name here:

Write your UCLA ID here

Midterm #2, Physics 1B, Winter 2020

Section 1 -~ Thomas Dumitrescu
® Please write your name and UID in the boxes on the front page and your name in the
boxes at the top of the odd numbered pages.
® Please write your answers within the margins outlined by the boxes on each page.

® if you are using the “additional space” pages, please label them carefully and refer to them
within the answer box for the original problem.

* Closed book, one 5x3in note card (both sides) allowed.

» Scientific Calculators allowed, no computers or smartphones, please put books and note-
books in your backpacks.

s If a problem is ambiguous, notify the instructor. Clarifications will be written on the
blackboard. Check the board occasionally.

¢ Time for exam: 60 minutes
s There are 4 questions, check that your exam has all 13 pages.

« Useful quantities:

g = 8.85x1072C?m IN"!

Melectron = 0.11 x 10-‘“ kg
Mproton = 1.67 x 107¥ kg
felectron = —{proton = —1.602 x 0-eg
Good Luck !!
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-additional space for calculation- Please denote exactly which problem you are working on




Write your name here:
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Problem 1: [15pts] Concept questions

a) [5pts] A ficticious Gaussian surface (dotted) encloses three identical negative charges. A
fourth, positive charge (equal in magnitude to each of the throe negative charges mside) is
then placed outside the surface as shown. How do the electric flux ® through the surface and
the magnitude E = |Ej_p_[_tl£ electric field at the point P change once the positive charge is
introduced? s

(1) They both stay the same. 5
T scam4
(2) ® increases, but E stays the same. X
(3) ® decreases, but E stays the same. X
® stays the same, but E incrcaaes)(
stays the same, but E decreases.
(6) ¢ and £ hoth increase. X’
(7) @ and E hoth :]ecrense.)(



b) [5pts] Consider a regular pentagon, whose corners are labeled 1, 2, 3, 4, 5 (see figure
below). A positive charge +Q is placed at every corner. What is the direction of the electrie
field at the point A, which is exactly halfway between corners 2 and 3.

(1) Towards corner 2 )(
{2) Towards corner 3 X
(3) Towards corner 4 X
(4) Away from corner 1
(5) Towards corner 5 X

@ Away from corner 5

(7) The electric field at point A is zero

N



Write your name here:

—

c) [5pts] The figure below shows equipotential surfaces with their potential given in Volts.

If a negative point charge is placed at point P (indicated by the dot on the 0V equipotential)
so that it is initially at rest, in which direction would it move?

P

@U E ]nmh W dir of stepest dexent
p i

(2) Down C-’ “’l‘“ e oj]??i‘.—Sl'fL Yo r rottn
(3) Left = low V o l'llal\ \'f

(4) Right

(5) Since the charge is placed on the equipotential with V' = 0, it will remain at rest.

cn



Problem 2: [30pts] An atomic nucleus can be modeled as a spherically symmetrie charge
distribution with the following charge density,

n(l-%) (r<R)
plr) = { > R)

Here R is the radius of the nucleus and gy denotes the charge density at the center of the
nucleus (at r = 0).

a) [10pts] Find the magnitude and the direction of the electric field everywhere as a function
of position. Express your answer in terms of the total charge Q of the nucleus.
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Write your name here:

—

b) [10pts] Find the potential difference V(r) = V(co) for any point r > R (i.e. outside the
nucleus). Explain your reasoning.

Tor pont oubide nuclens{r>®), He mucews acts like 4
poank c,hnrae with geae Q, as dwsutatd ) part («).
Thorebeve, V() V) 5 ke S pikenneq aifPorece
Viuth 3 ‘.E_Q_.

Sor gl dhavye, WU r ! _
c) [10pts] A nucleus can decay by emitting an alpha particle, which consists of two protons
and two neutrons (i.e. its mass is AMproron and its charge is 2proton). Quantum physics makes
it possible for the alpha particle to jump to a finite distance To > R outside the nucleus.
Assuming that the alpha I;m-ticle starts from rest at rp = 10" m, what s its escape speed

far away from the nucleus’ Assume that the charge of the nucleus after it has emitted the
alpha particle is Q = 90gproton, and that the nucleus is very heavy, so it remains at rest.

Ui 4-\Kg#b\i¢ =Y +Ugp Hreat nuclus a5 ponid
o o

charge ovds'.dek
\(: = U‘ -—U_!- = 1‘“ (V‘ —V‘) é'/ \ji"n.'a\‘= [3

'iww‘z' = 4« ( 'l:-_Q N 0) [ii;:: =j\]
11\.

+20 far away dm
ecleus, so Vf‘ 0

kQ
2 MaV' = 9e ( "F:)

e JE;.L_&T: %;f—%if 3.53x107 wils




Problem 3: [30pts] Two very thin conducting sheets are parallel disks with radius ~ = 0.4m

and they are 2cm apart. The left sheet | has charge g = +1.0 x 107°C,_and the right sheet
has chargé —q. You can model the electric fields as if The sheets were of infinite extent.

a) and b) ¥ ‘? c) 3 g
| = b
f
i

v 3 4
. -

- s

g :

s ] d

2em 2em

a) [10pts] What are the electric fields (magnitudes and directions) in the three regions, i.e.
to the left of the left sheet, to the right of the right sheet, and in between the sheets?

Erraili sheey = Er j E-dz = .q-;‘-:f : c\mﬁ;h
1 Fee aau&sim{ g(r-{?qu'; Ej\: ﬂ;—“

&

P _ e ‘__l___'
S s
Gone = EA Eizfl.-;éj; €zl

Ta behnerh ghetts: E.u =E-E "7’—5”:— 1_{31?1? % E’ 925x N(

Outde shects: - £t = E4E, YZ")(

(h& ,suTmef -hBI-\)




Write your name here:

L

b)' [10'1:&5] What is the potential difference Vg, — Viig between the two sheets?

\i - Ve

let > 0 A a3 0 L .
'-,(r-r\* EuR = '.L.nz Tlfﬂ?x ndx = jn.nz wert 0K

[ R
e b - B -luw V]

1

c) [10pts] An electron e~ is shot through a very small hole in the left sheet with speed v,

toward the right. (You can neglect the effect of the hole on the electric fields.) What is the
smallest value of v for which the electron manages to reach

Ui*Ki*'mk;u:\lF%

0 becuuse eleckrm will sfoP@

the negatively charged plate?

min vV
Ditk= Us
Ki=VUs-\); = C‘A\) = q(Vr-Vx) .
éuwz: ‘1(\/: Ve) {ehexlets

YE 25%1,; ~ [ 1.26x10° m/s

’ VI'V: ’NUHSD V




Problemd: [30pts) a) [10pts] Consider a thin ring of charge. The ring has radius R and

lies in the zy-plane, centered at the the origin (see figure). Assume that the ring has a uniform

linear charge density A\. Computé the elect electrostatic patential (=)} at-a point P on the z-axis,
as a function of z. Deduce the magnitude and directi electric field on the z-axis.

-
'5 khds (dy = Rk A
o — “.P'hz 5?"‘”{‘ JR’-FE‘-
kA
V(@) = 2

R
” Ell= - 'Q' V&) = m

m' X
)

10

D |



Write your name here:

b) [10pts] Now remove the botitam half of the ring in the previous problem, i.e. consider a
charged semicircle lying in the upper half of the zy-plane (where z > 0, see figure), centered
at the origin, with radius R and linear charge density \. Find the electrostatic potential Vi(z)
at a point P on the >-axs, as a function of z, for this new situation. Use your answer to
determine the z-component E.(z) of the electric field on the z-axis,

‘-'-_.u_._.__,___-

rU:j dv = J_‘EE'Q_ JF‘ 'ﬁﬁ%:‘ dq:hds

r o

- ERle = (B2 |

T RYA _ YRkAz
Ez(l) = '%(V{ﬂ) =4 (74 Do 5 \ZZ = k% - (z;_{ P11)'3R
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&> S &Y (7R E“

e
T LV




c) [10pts] Consider the other components E,(z), E,(z) at the point P on the z-axis. Explain
why one of these components vanishes while the other does not, and which one is which.

Ey(:.') vanishes because the ruwk of clmrﬂt )
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Write your name here:
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Please denote exactly which problem you are working on

-additional space for calculation-
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