Physics 114 Exam 3 Fall 2019

Name:

For grading purposes (do not write here):

Question Problem
1. 1.
2. 2.
3. 3.

Points for each question and problem are indicated in red with the
amount being spread equally among parts (a,b,c etc). Be sure to
show all your work. Use the back of the pages if necessary.



Question 1 (10 points).

(a) Determine the direction of the force on the moving charges described below

Magnetic field into paper, Magnetic field and velocity

positive charge moving to F vectors as shown with the

the right charge being negative
XXXXXXXXXXXXXXX

XXXXXXXXXXXXXXX Ans: The force is Ans: The force is
X X X %X %)( X X X X x‘ upwards v directly out of the
XXX XXX XXX XXX page
XXXXXXXKXXXXXXX B
XXXXXXXXXXXXXXX —

(b) An electron moves in the plane of this paper toward the top of the page. A
magnetic field is also in the plane of the page and directed toward the right. The
direction of the magnetic force on the electron is described by which of the
following?

(a) toward the top of the page

(b) toward the left edge of the page

(c) toward the bottom of the page Ans: e. v X B is into the

(d)toward the right edge of the page page but q is negative

(e) upward out of the page

(f) downward into the page

(C) A wire carries current in the plane of this paper toward the top of the page. The wire
experiences a magnetic force toward the right edge of the page. The direction of the magnetic
field causing this force is which of the following?
() in the plane of the page and toward the left edge
(b) in the plane of the page and toward the bottom edge Ans: C. Lisup. L X Bisto
(c) upward out of the page
(d) downward into the page
(e) None of the above

the right if B is comining out
of the page



Question 2 (10 points). (a) A rectangular loop is placed in a uniform magnetic field with
the plane of the loop perpendicular to the direction of the field. If a current is made to flow
through the loop in the sense shown by the arrows. Does the field exert a net force on
the loop? Does it exert a new torque on
the loop? If it does exert either one, what
Is the direction of the net force or torque

- A/_ - E /7 T (clearly draw it on the picture).

Ans: The net force on a closed loop in a uniform field is always zero. The torque here is
also zero. t= zx Bthe magnetic moment is up, parallel to B so sin(6) = 0

(b) Another rectangular loop is placed in a uniform magnetic field with the plane of the
loop parallel to the direction of the field. If a current is made to flow through the loop in
the sense shown by the arrows.

+ - - — f A A Does the field exert a net force on

the loop? Does it exert a new

torque on the loop? If it does
|" exert either one, what is the

direction of the net force or torque
(clearly draw it on the picture).

Ans: The net force on a closed loop in a uniform field is always zero. There is a torque.
1= 1 x B The magnetic moment is out of the page, so the toque is to the left.



Question 3 (10 points). (a) A bar magnet
is moved towards a loop with the south
pole facing the loop as shown. (i) Is :
there a current induced in the loop? Motion toward
Yes. Flux is changing the loop
(i) If so, is clockwise or counter- a

clockwise when looking through the loop R

at the magnet.

Flux increasing to left. Need increase 5
flux to right —= CCW current

(iii) Is Vb-Va positive, negative or zero?

Kirchoff’s law gives Vb-IR = Va. Vb —Va

is positive.

(b) A bar magnet is dropped from above and falls through the loop of wire shown
below. The north pole of the bar magnet points downward towards
the page as it falls. Which statement is correct?

= a. The current in the loop always flows in a clockwise
S direction.
\ /' b. The current in the loop always flows in a

o B counterclockwise direction.
c. The current in the loop flows first in a clockwise, then in
N a counterclockwise direction.

d. The current in the loop flows first in a counterclockwise,
then in a clockwise direction.
This is the answer — d.

e. No current flows in the loop because both ends of the
magnet move through the loop.

(c) Consider the circuit below with the constant magnetic field directed out of the
page. The rod on the right moves at a constant velocity to the left. (i) Is there an
induced current in the circuit — if so is it clockwise or counter-clockwise?

Flux is decreasing out of page so want to increase it out of page. Thus the
current is counter clockwise

) < OVO O ¢ (ii) If and when this current is set up, does the
L o o o ®© magnetic field exert a force on the moving rod? If
\:’ o 0% o so what is the direction of that force?
- The current in the rod is upward. Use L X B gives
the field exerts a force to the right. This makes sense as it tries to stop the rod
from moving

(iii) Is an external applied force needed to keep the bar moving or will it keep
going on its own? Need external force (conservation of energy and Newton’s
laws)



Problem 1 A 2 C charge feels a magnetic force of (—181 +12]) N while it is traveling at 3

m/s along the z-axis. (a) (10 points). Determine the components of the magnetic field.
If one of the components is undetermined state so. (b) (5 points). What is the angle
between the magnetic force and the field?

(-181 +12]) = (2)(3k x (B, + B, ] + B,K))
= (6)(B,j—B,i +B,0)
Thus B; can be anything and is undetermined. Solving for each component we have the y
component is 18/6 = 3 and the x component is 12/6 = 2. So
B = (2i +3])
(b) The angle between the magnetic force and the magnetic field is always 90
degrees.

(@) We have F=qvxB. So



Problem 2. A long wire with a semicircular diversion as shown below carries a current
of 2 A. The semicircle has a radius of 0.04 m. (a) (5 points Can Ampere’s law be used
to calculate the magnetic field at point P (at the center of the semi-circle)? (b) (10
points) Calculate the magnetic field at that point P by any means necessary. Include
the direction

I

P

Solutions

(a) No, there is not enough symmetry here to ue Ampere’s law.
(b) We use Biot-Sarvart.

B ‘u_OIJ‘ dsxr
4z 7 r*  Thecross product in the numerator is zero for the two straight parts
since the vectors are in the same direction. For the semi-circle, the integral s/R? and s =
nR. Thus,
B= /”—0'”—5 _ Al 0 51E-6)/0.16 = 1.57 X 105 T
47 R° 4R

The direction is into the page.



Problem 3 (15 points). An aluminum ring of radius r1 = 5.00 cm and a resistance of 3.60 x10™

Q is placed around one end of a long air-core solenoid with 1, 065 turns per meter and radius

r, = 3.00 cm as shown in the figure below.

Assume the axial component of the field ;*

produced by the solenoid is one-half as strong R
*ﬁ“’“‘“‘*“-hh““ﬂlh -\—{

over the area of the end of the solenoid as at
the center of the solenoid. Also assume the | Ty
solenoid produces negligible field outside its
cross-sectional area. The current in the
solenoid is increasing at a rate of 270 A/s.
(a) What is the magnitude of the induced
current in the ring?
(b) What is the direction (clockwise or counterclockwise as viewed from the left).
(c) What is the magnitude of the electric field that induced at point P which is directly above
the center of the solenoid a distance of r3 =4 cm from the center axis of the solenoid.
(d) What is the direction of the electric field at point P?
Solution
(a) We will get the current from the induced emf, | = ¢/R. The magnetic field from the
solenoid is ponl, and it is half of that at the ring. The area is nr2? since there is only flux
inside the cross sectional area of the solenoid.

€=

d(BA) 1d 1 odr LA
T :EE(M(]”T)AZEHUHEWE*Eﬂu?mizA—t —5.11 X104V

[=5.11X10*/3.60 x10*=1.42 A
(b) The original flux is increasing to the right. Thus, the induced emf ust be to the
left. This requires a counter clockwise current as viewed from the left end.
(c) Now we use the generalized version of Faraday’s law
= do,
JEa @ The right hand side is the same as what we got in part a except
without the factor or ¥2. Soitis 1.02 X 103V
The left hand side we get E2xrs, solving for E we get 4.07 X 107 V/m.
(d) The electric field points into the page — like the current in the ring



F 1 |aylld,|

B 4ng, r?
e=16X10"C

e o
dreyr

AX=X2-X1, At=1t2-11

S = (total distance) / At
a = Av/ At
V=V +at

X-Xo = Vot + (¥2)at?
V2 = Vo2 + 2a(X-Xo)
X-Xo = ¥2( Vot V)t
X-Xo = Vt -1/2at?

a =dv/dt

AU = Us- Ui=-W
AV = Vs - Vi=-W/qo = AU/qo

f
V; -V, =—[E.ds
i

_1aq
CA4meg v
o
G
AV
E=—
AS
Q=CV
|
C =27Z'6‘0
In(b/a)

Possibly Useful Information

g, =885X10"*(C*/N-m?)

=_F
E_Ao

SO(D = Sofé.dlz\ = qenc

V = AX/ At

v = dx/dt

a = dv/dt = d>x/dt?
g =9.8 m/s?
F=xi+y +zk

AT=T,-T,

AT = (Xz - Xl)/i\ + (yz - yl)] + (22 - Zl)l2

V=AF/At, v=dr/dt

a=AvV/ At
U=-W..
V = -W../qo
f
V=-[E.ds
i
SVi= Y
V=)V= =L
i=1 I 47[80 i=1 r|
1 rdg
V_4n80J. r
e N N N
OX oy oz
U-_W=_1 %
47[80 o
€A
C=—1+
d
C = dngy 2
~T0ha

Ceq = 2. C; (parallel)



= z— (series)
Ceq

I= dQ/dt

A
A
v

P=

Pemf le

Req R;
| = (e/R)eVRC

| = (Q/RC)e'”RC, lo = (Q/RC)

=gvxB
r=mv/gB, ® = qB/m
dF =1ds x B

zi=NIA

ol dsxri
B=""

A J. r
B = wol/2 nr
F/l = (uol1l2)/2ma

fE.ds=-9Pe/

e= Blv

= Z— (parallel)

U :Q—2=ycv2
2c /2
C=xCo

V=IR
= I’R=V?/R

/R+r)

Req = 2R (series)
q(t)= Q(1-e*R)

q(t) = Qe'"e
F=ILxB
T= ixB

U=-ueB

5 _Ho/ ldsSXT
dB = AJZ'

3 Ho= 47X 107 Tm/A
;

B = 24! (cosé, +cosb,)

dra
B = ponl (solenoid)

§B-d§ = Holenc






