Make sure to fill out the grading sheet completely including your name, instructor, exam flavor and UIN. You are allowed to
write and work on this exam copy, but your answers must be bubbled in on the grading sheet to receive credit. Your bubbled
responses are the only responses that will be considered for the grade.

Physics 207 Exam 1 — Flavor 1

Problem 1 (6 points) There are two electrically neutral spheres. 5.40 x 10! electrons are transferred from sphere 2 to
sphere 1. As a result the net electric force on a proton at point P is 1.40 x 10717 N. What is the distance d? Assume that
the radii of the spheres are much smaller than d.

. 5 P (A)0914m (E)4.19m
(B)2.11m  (F)5.85m

® @  ° (sm  (Q66Tm
(D) 3.33 m (H) 8.26 m

Problem 2 (2 points) What direction is the force on this proton?
(A) Right
(B) Left

Problem 3 (4 points) A line of charge with uniform charge density +\ exists from (—a, —b) to (a/2,—b). Which of the
options below represents the direction of the electric field at the origin due to this line of charge? (e.g. Quadrant 1 would
represent an electric field anywhere in that region, whereas +x would represent an electric field ONLY pointing in +x and
has no y-component.)
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Problem 4 (8 points) The electric field in a region of space can be described by E = (622)i 4 (9y2)k. What is the electric
flux through the rectangle in the xy-plane shown below? Note that the electric field vector and positions are given in SI
units.

+y

43)  (A) 68 Nm?/C

B) 126 Nm?/C
C) 234 Nm?/C
D) 432 Nm?/C
)
)

E) 621 Nm?/C
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(F) 1154 Nm?/C




Problem 5 (6 points) A +3 uC charged particle at location A has a kinetic energy of 240 uJ and at location B is has a
kinetic energy of 150 uJ. If we know that the potential at point B is 15 V, what is the potential at point A?

(A) +105 V (E)-15 V
(B) 475 V (F) -45 V
(C) +45 V (G) -5V
(D) +15 V (H) -105 V

Problem 6 (10 points) An insulating line of charge is along the z-axis from the origin to = a as shown in the figure.
The line has a charge density A(z) = A\o(z — a)?. Which well-defined integral below correctly represents the electric force on
a charge +¢ at the point (—b,0)?

¢ (v —a)’dx.

(A) +l<:q)\o/_b =

(B) + kgho [ b (”ib_f;);lxi

o (z —a)’dx
(©) Jrkq/\o/o 7( (b—y)c)g i

r —a)idr .

(D) +kqu/0a((b+x)2 i

B *(x— a)2dxi
() = kado /—b (b—z)? (=b,0) (a,0)

(G) — kaho /0 ' (‘"‘Eb_“i)f%

(H) — kaho /O ' (”Eb_ﬁi)f%

Problem 7 (4 points) In the figure below there is a point charge, -2 pC, a thick-walled spherical shell with charge -3
1C and a thick-walled cubic shell with charge 8 pC. How much charge builds up on the inside (ginner) and outside (gouter)
surfaces of the cube?

) Ginner = +2 /lC and Qouter = —9 MC
) Ginner = +2 pC and goyter = —2 uC
) Ginmer = +2 /.LC and Goyter = +6 MC
) Qinner = +3 }LC and Jouter = -2 ,uC
) Ginner = +3 [LC and Qouter = +D MC
) Qinner = +5 /lC and Qouter = -5 MC
) Ginner = +5 pC and goyter = +3 uC
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Problem 8 (4 points) An electron moves in a region of space where the electric field is sinusoidal as shown below. Each
tick mark is 1 unit of length. What happens to the potential energy of this system as the electron moves from = = 2 to x = 47
E

(A) The potential energy increases during the whole motion.
(B) The potential energy decreases during the whole motion.

/\ (C) The potential energy increases and then decreases for a net change of zero.
| ! ! 2 (D) The potential energy decreases and then increases for a net change of zero.
1 M 5 6 (E) The potential energy stays constant through the whole motion.

(F) It is impossible to tell what happens to the potential energy.




Problem 9 (6 points) In a region of space, there is a function for the potential V (x,y) = 423(y — 2). What is the electric
field vector at the position (—2,5)?

(A) E = +1442 — 329 (E) E = —1442 + 32§
(B) E = 4963 + 967  (F) E = —96& — 96§
(C) E = 4482 +48)  (G) E = —48% — 48]
(D) E = +483 — 805  (H) E = —48% + 80§

Problem 10 (10 points) A charge —8 uC is at the origin and there is a uniform electric field E= 26007. What angle does
the net electric field make at the position (4,3)? Give your answer relative to the +#-axis. Note that the electric field vector
and positions are given in SI units.

(4,3)

° A) 21 degrees
B) 37 degrees
C) 62 degrees
D) 159 degrees
E) 170 degrees
F) 194 degrees
G) 217 degrees
H)

339 degrees
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-8 uC

Problem 11 (8 points) In a region of space there is an electric field E = 4000i. There is also a point charge +50 puC at
the origin. How much work is done by the net electric force to move another +50 uC charge from the point (—6,0) to the
point (0,10)? Note that the electric field vector and positions are given in SI units.

Y

L (0,10)

oSl

+50 pC

Problem 12 (10 points) A uniformly charged insulating sphere has a radius R and a total charge —@Q. The sphere is
centered at the origin. What is the potential difference V(R/2) — V(0)?

(A) 0 (E) oo

®) - 87::3}% () + 87::53]%

© - 321732}% (@) + 3217:2}%
(D) - 327201% (H) + 327203



Problem 13 (10 points) An insulating, hollow sphere has inner radius a and outer radius b. Within the insulating material
the volume charge density is given by p(r) = %, where « is a positive constant. What is the magnitude of the electric field
at a distance r from the center of the shell where a < r < b7

() 22
a(b? —a?)
atr o) ® 2=
0 a(r? —a?)

Problem 14 (4 points) In the figure below, you are given that the net electric field at P is in the negative z-direction and
the positive y-direction. Let the distance from P to g; be the same as the distance from ¢; to go. Which single statement
below MUST be true?
+7
op (A) |a1] = Jao|
(B) lg1| > lgz|
(©) laa| < g2l
@ 92 (D) g1 >0
(E)
(F)
(

® o — 1

Problem 15 (4 points) A sphere with a radius of 2 meters is centered at the origin. There are 5 protons at the position
(z,y,2) = (0,0,1), 3 electrons at the position (x,y,z) = (1,1,0) and 7 protons at the position (z,y,z) = (3,2,1). What is
the flux through this sphere?

(a) + 2 (B) + 2
€0 €0
® +2X @
€0 €0
© +% (@ -%
€0 €0
o +2X @ -
€0 €0



Problem 16 (4 points) In the figure below, there are three labeled points. Which point or points have the largest potential
assuming that V' = 0 infinitely far away?

(A) Point A has the largest potential.

(B) Point B has the largest potential.

(C) Point C has the largest potential.

(D) Points A and B are identical and have the largest potential.

(E) Points A and C are identical and have the largest potential.

(F) Points B and C are identical and have the largest potential.

(G) Points A, B and C are all identical and as such have the largest potential.
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Useful Constants:

Acceleration due to gravity: g = 9.80 m/s?
Basic unit of charge: e = 1.6 x 107 C

Mass of electron: m, = 9.11 x 1073 kg

Mass of proton/neutron: m, = 1.67 x 10727 kg
Coulomb constant: k = 8.99 x 10° Nm?/C?

Permittivity of free space: ¢y = 1/(4nk) = 8.85 x 107'2 C2/Nm?

Permeability of free space: po = 47 x 1077 Tm/A
Speed of light in a vacuum: ¢ =3 x 10®* m/s
Planck’s Constant: h = 6.626 x 1073* Js

eV to joule conversion: 1 eV = 1.6 x 10719 J

kilowatt-hour to joule conversion: 1 kW-hr=3.6 x 10° J

Atomic Mass Unit: 1 u = 1.66054 x 102" kg = 931.5 MeV /c?

Vector Concepts:
Unit Vector: 7 = ;3

Gradient: V = 52T
Dot Product: A - B = |A||B| cos
Dot Product: A- B

Cross Product:

|A x B| =|A||B|sin0
Ax B=(A,B, — A.B,)i —
+ (A.B, — A B,)?

(Asz - AZBSC):&

Sample Indefinite Integrals:

dx
/\/ﬁ:ln(x+\/m2:|:a2)+c

/ xdx 1 N
- = c
(2% 4 a?)3/? Va2 + a?
/ dx T n
= c
(22 4+ a2)32  @2v/22 + a2

l,n+1

"dx = -1
/az x n+1+c(n5£ )
dx

|

” n(z)+c
/ dx 1 1
——— = —arctan — +c¢
224+a? a x

dx T

— arcsin — + ¢
a

Va2 — 2

SI Prefixes:

T=x10'2, G=x10°, M=x 10, k=x10
c=x1072, m=x10"3

p=x107% n=x10"?, p=x10"12, f=x10"1°

Useful integral relationships:
Spherical: dV = 4xr2dr

Cylindrical (with constant r): dV = 7rdz
Cylindrical (with constant z): dV = 227rdr
Cylindrical (with constant r): dA = 27rdz
Cylindrical (with constant z): dA = 2zwrdr

Geometry:

Surface Area of a Sphere: A = 4712

Volume of a Sphere: V = 377

Area of curved region of a cyhnder: A =2nrh
Volume of a cylinder: V = wr2h

Physics 1 Concepts:

Work: W = [ F.dl

Potential Energy of conservative force:
Wcons =AU

Kinetic Energy: K = %va
Momentum: p'= mu




Chapter 21:

Coulomb’s Law [N]: F = kcﬁqu

Force due to an electric field [N]: F = gE

E Field due to a pt. charge [N/C]: E = %f

E Field due to a continuous charge dist. [N/C]:
B— [ *da;

)
Electric dipole moment [Cm]: p'= qd
Torque on an electric dipole [Nm]: 7 = p' x E
Electric pot. energy stored in electric dipole [J]:
U=—p-E

Chapter 22:

Electric Flux [Vm or Nm?/C]: &y = /E -dA

Electric Flux when E and 6 are const.

on the surface: &5 = FAcosf

Qencl

€0

Gauss’s Law (vacuum): ®p = 7{5 CdA =

Chapter 23: The below equations generally but not
always assume that V' (oco) = 0 and/or U(oco) = 0.

Elec. pot. energy between 2 pt charges [J]:

k
U — 4192
r
Elec. pot. difference btw. two locations [V or J/C]:
A U
AV = At (or often) V = —
q q
Electric potential due to a point charge [V]:
k
v =4
,
Electric potential due to a charge dist. [V]:
kd
v= [
,

Relating EandV: E=-VV

b
szvb—v;:—/ E-dl




