From PHYS 1135:

X = Xg + VoAt + %ax(At)2

2

Fo=-t P=7

K = Zmuv? Ur = Ui = =Weonservative
Constants:

g=9835

c=30x108% k:M;0

Melectron = 9.11 X 10_31kg

=9x10

Official Starting Equations
PHYS 2135, Engineering Physics Il

Vy = Vox + A AL v = v, + 2a,(x — x,) YF=md
B =md p==22 W=[F-ds

E=K+U = (Wother)i—»f E=

Mproton = 1.67 X 107*7kg e=1.6x10"1C

9 Nmz

7Tm
ez A

Uo = 4m X 10~ A

_qp C?
€y = 8.85 x 10 NmZ

Electric Force, Field, Potential and Potential Energy:

>
F = k qlqu rlz
Ti2

U — k q192
T12

P =qd (from—to +)

(DE = fS E . dff

Circuits:

c=2 1 _y1
v Cr Ci

1

_lprp2_10° 1
U—ZCV > C 2QV

SI=0 SAV =0

Q) = Qﬁnal[1 - e—t/‘r]

Integral:
du u
f(u2+¢12)3/2 - azJuz+a? te

E=kir F=qE AV =—fTE-ds
_ 4 - - _o
V—kr AU = qAV E, = P
‘?IﬁXE Udipole:_ﬁ'g
E.dA = dendosed — Charge — Charge _ charge
S‘SS E-dA= €o A= length o= area p_volume
Cr=2XC Co=% C = kC,
d I > S
— e =1 ] = nava
L 1
R=p~ o== p =po[l+a(T —T,)]
1 ol _ _ _V_Z_ 2
= LR Ry =Y R; P—IV—R—IR
Q(t) = Qe /7 T=RC



PHYS 2135 Exam |

Exam Total
xam fota September 21, 2021

Name: Section:

1200

For questions 1-5, select the best answer. For problems 6-11, solutions must begin
with an Official Starting Equation, when appropriate. Work must be shown to receive
credit. Calculators are not allowed.

(8)

A 1. Two charged particles Q1 and Q2 are placed a distance d apart and

experience a Coulomb force of magnitude F from one another. If the magnitude
of charge Q2 is doubled and the distance d is tripled, what is the new magnitude
of the Coulomb force?

[A] (2/9)F [B] (2/3)F [C] (413)F [D]1F

A 2. A negatively charged electron is placed in an

electric field which points to the right, as illustrated. In >
which direction will the electron be accelerated? @ E
[A] Left >
[B] Right -
[C] Up -
[D] Down

A 3. Two concentric spherical surfaces enclose a point charge Q. The

radius of the outer sphere is three times that of the inner one. Which statement
is true concerning the electric fluxes crossing these two surfaces?

[A] Inner Sphere Flux = Outer Sphere Flux

[B] Outer Sphere Flux > Inner Sphere Flux

[C] Inner Sphere Flux > Outer Sphere Flux

[D] One cannot compare the two fluxes

B 4. A charged particle with non-zero velocity enters a region where the

electric potential is constant, and no other forces are present. Which statement
best describes the particle’s motion in this region?

[A] The particle will stop moving

[B] The particle’s speed and direction remain constant

[C] Particle will accelerate due to the non-zero electric field

[D] Not enough information to know

5. (Free) Which best describes an S&T student?
[A] Naturally curious

[B] Unshakeable love of learning and discovery
[C] Craves immersive opportunities
[D] Desires to leave a mark on the world
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A
Q2
6. A charge Q; = —4q, is uniformly o>
distributed along an arc of radius R = 4a 7
extending from the negative x-axis to the 7 4q 34
negative y-axis. A second charge Q, =
64, is located on the x-axis at x = 3a.
Q1
5) (a) Determine the charge per unit length 1,,. of the “arc” of charge.
P Qi 44 1 = _2q0
arc — E ZaT[ arc — Ta
(40)(2)
(20) (b)  Determine the electric field at the origin due to the “arc” of charge.
Express your answer in unit vector notation.
240 840 Bure = =20 (14 )
dq = A(4a)dep = (— —) (4add) = — =20 ¢ 2ma?
mwa A
r=4a Ff=—cos¢pl—singj
3m/2 _—d¢
Eqre fk—r—jn k———— 4a)? (—cos¢pi—sing]j)
o kqo smj2 _ Kdo
Earc_zn_a [Sln¢l—COS¢]] 27‘[612 (_ - )
(15) (c) Determine the electric field at the origin due to the point charge.
Express your answer in unit vector notation.
- 2kqy .
- q A 6q A E j = ——71
Epoine = k—57 = k@(—o pomt = 3a?
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7.

(15)

()

()

A charge Q is uniformly distributed along the y-axis from y = 2a to y
y = 6a.

(@)

(b)

Determine the electric potential at the origin due to the line of
charge. Q
_Q kQ
dQ = ia dy V= Eln(B)

Q
- [t = [ =R )
r? 2 y 4a" \2a

Determine the potential energy of a charge q, if it were placed
at the origin
U= kQqo

U:qV 4a

In(3)

A positive point charge +Q1 is fixed at point P. A second positive charge with
mass M and charge +Qz2 is initially fixed at point A, a distance R; from point P.
The second charge is then released.

(b)

R;
+0,@ e M +(0» °
P A B

Ry=3R;
Determine the speed of the second charge when it reaches point B, a
distance Rr= 3R;from point P.

Uo + Ko = Us + K b [HQiQ
3MR;
Q102 Q102
k 0=k Mv?
R, 3R; +2
Q1Q2< 1) _ 1
k R, 1 3 —2Mv

Which point (A or B) is at a higher electric
potential?
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9. A long insulating cylindrical solid of radius a has a charge
per length 24 uniformly distributed throughout its volume.
A conducting cylindrical shell of inner radius b and outer
radius c has a charge per length 41 and is coaxial with the 0‘

insulating solid. ‘

Side View End View

(10) (a) Determine the electric field within the insulating cylindrical solid. (r < a)

%E.dA’:CIenC B Ar ,
€o TEya?
2
221 (Zgzi)
EQ2nrL) =
€o

(10) (b) Determine the electric field between the insulating cylindrical solid and the

conducting shell. (a <r < b). >
E = ;f‘
ng CdA = Genc 0
€o
EQnrL) = —
€o

(10) (c) Determine the electric field within the conducting shell. (b <r < ¢)

E=0

(10) (d) Determine the charge per length on the inner and outer surfaces of the
conducting shell.

jgﬁ-dﬁ=0—>0=qem=2/1L+/1bL Ap = =24

Ap + A = 42 Ac = 64 /140




10.  Consider the illustrated network. Cs=5 uF

11
(15) (a) Calculate the total (equivalent) i

capacitance of the network.
-

1 1 \*!
Cyy = <— —) = 5S5uF C:=10 uF  C,=10 pF
12 = 704 * 107 #
== C4=10 pF

C123 = S‘UF + SMF = 10‘UF +I i

-1 II

Cr = ( L F + ! ) Vo
= \10*" T 10uF

CT == SﬂF

(15) (b) If the charge on capacitor C4 is 100 pC, what is the battery voltage Vo?

CrVo = Qr = Q4
Vo =20V
_ Q4 _ 100uC
7 ¢, S5uF

11. A small animal shed has a flat metal roof and a metal
floor. The square roof and floor measure approximately
one meter by one meter. The roof is supported by
nonconducting wooden posts that are 20 cm tall.
During a thunderstorm the potential difference between
the roof and floor is measured to be 20,000 volts.

(10) Model the building as if it were a parallel-plate capacitor and
calculate the amount of charge on the roof and the floor of the
building.

_ AgeV _ (1m)?(8.85xC%/Nm?)(2x10%*V)
a 2x10~1m
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