Quiz Average 4.8 Quiz High Score 6.0

PH 221 Quiz # 02 (10 pts) Name Solution
An electric dipole is formed from two charges identical in E
magnitude but oppositely charged as shown in the diagram on Q“
the right. Q, = —Q_ = +45.3 mC. The charges are separated “"”"f.:_"y;

by a distance d = 6.78 x 1073 m . The dipole is placed inside
an electric field which is E = 9.12 x 10° N/C (+)) . The angle
indicated in the diagram is ¢ = 27.0°. What is the magnitude

and direction of the torque acting on the dipole due to the
electric field?

A. 2.49x10*m N (CCW) C. 1.27 x 102 m N (CCW)
B. 2.49x 10> m N (CW) D. 1.27 x 10> m N (CW)

Draw in the dipole moment vector p

o -
N\,
Q.

TorqueisT=p x E. The magnitude is T = pE sin(0) = QdE sin(90.0° + ¢) Since the dipole
moment goes from negative charge towards positive charge. Electric fields make dipole moments
align with electric fields, so the direction of the torque is counter-clockwise.

T = QdE sin(90.0° + ¢)
= (45.3x1073€)(6.78 x 103 m)(9.12 x 10° N/C) sin(90.0° + 27.0°)

7T=2.80x102mNsin(117.°) =2.49x10°mN

So, the correct answeris A!




An electric dipole has a dipole moment of magnitude 1.98 x 1078 C m. It is placed inside of a
constant electric field of magnitude 3.81 x 107 N/C . The dipole moment initially makes an angle of
166.° with the direction of the electric field. It is twisted to a final angle of 37.6° with the direction
of the electric field. How much work did the electric field do rotating the dipole moment?

A. —0.278] B. +1.33] C. —1.33] D. +0.278]
Wheiela = —AU = Uy — Uy = — (—pE cos(0;) — (—pE cos(BO))) = —pE(cos(68,) — cos(6;))
Wrieta = —(1.98 x 1078 ¢ m)(3.81 x 107 V/)(c0s(166.°) — cos(37.6°))

Weieta = —7.54x1071J(-1.76) = +1.33]

So, the correct answer is B !

Shown on the left is a collection of charges
® .
Qs and a surface that we wish to measure the

/——_\ net electric flux passing through it. The
v charges have the following values:
]

Flux Surface Q; = —49.0mC, Q, = +27.0 mC,

Q) ° " Q; = +51.0 mC, Q, = —99.0 mC, and
© Q- Qs = +84.0 mC. The charges Q4, Q, and
Q4 Q3 are inside the surface. Charges Q4 and

@
\__) Qs are outside. What is the net electric flux

passing through this surface area?

A. ~1.36x 10° N/-m? C. +1.28x 10%° N/-m?

B. ~1.69 x 10° N/-m? D. +3.28x10° N/ m?

Gauss’s Law tells us:

d’E — fzz . dZ — Qenclosed
€o

Qenclosed = Q@1+ Q2+ Q3 =—-49.0mC + 27.0 mC + 51.0 mC = +29.0 mC

+29.0x10°3C
&, = Qenctosed — > =+3.28x10° N/sz
€ 8.85x10-12 %/ ,
m

So, the correct answeris D !




Consider a charge Q = —37.5 uC as shown
on the right. There are two potential
Gaussian Spheres surrounding it. Sphere A
has aradiusRy = 4.98x1073m. Sphere
B has a radius Rg = 7.32x 1073 m. Total
electric field flux through Sphere A is
measured to be —4.24 x 106 N/-m?.

What is the total electric field flux through
Sphere B?

A. ~1.96x10° N/.m? C. —9.16x10° N/.m?
B. —4.24x10° N/ m? D. —6.23x10° N/-m?

Since Gauss’s Law tells us that Electric Field Flux is charge enclosed divided by permittivity of free
space.

D = fﬁ . dZ — QEenclosed _ —-37.5x107°C

— N
e S asr101 C =—4.24x10° ¥/ -m?

/Nm2

The size of the sphere does not matter. The flux only depends on the charge enclosed. So, the flux
through Sphere B is

—4.24x10° N/ m?

So, the correct answer is B !




A nonconducting square plane of charge has side length of (L = 3.67 m) . The electric field at a
distance (d = 1.69 x 10~2 m) above the center of the plane is found to have a strength

2.64 x 10! N/C and the field points towards the plane of charge. What is the total charge on the
plane?

A. —-17.1C C. —62.9C

B. +17.1 C D. +62.9C

Y
From Gauss’s Law we know the electric field for a plane of charge is E = -— = —1% = LZ
2¢g 2gg 2¢ggL

Solve for Charge
2
Q = 2&,L%E = 2 (8.85 x1012C /Nmz) (3.67m)%(2.64x10' N/.) =62.9C

Since the field points towards the plane, the charge must be negative!
Q=-62.9C

So, the correct answeris C !
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