Physics 111
Exam #2

October 14, 2024

Name

Please read and follow these instructions carefully:

Read all problems carefully before attempting to solve them.

Your work must be legible, and the organization clear.

You must show all work, including correct vector notation.

You will not receive full credit for correct answers without adequate explanations.
You will not receive full credit if incorrect work or explanations are mixed in with
correct work. So erase or cross out anything you don’t want graded.

Make explanations complete but brief. Do not write a lot of prose.

Include diagrams.

Show what goes into a calculation, not just the final number. For example,
[Pl = mfi= (Ske) x (22) =10

Give standard Sl units with your results unless specifically asked for a certain unit.
Unless specifically asked to derive a result, you may start with the formulas given
on the formula sheet including equations corresponding to the fundamental
concepts.

Go for partial credit. If you cannot do some portion of a problem, invent a symbol
and/or value for the quantity you can’t calculate (explain that you are doing this),
and use it to do the rest of the problem.

Each free-response part is worth 6 points.

Problem #1 124
Problem #2 [24
Problem #3 124
Total [72

| affirm that | have carried out my academic endeavors with full academic honesty.




=~

~

1. Consider the circuit below with some resistors wired to a battery. The resistors have
various values, but each of the known resistors is either R = 1kQ or a multiple of this
value. There is one resistor R; = R,,,,x, Whose resistance is unknown.

a. Consider the plot below where data were taken on different batteries placed in the
circuit and the total current produced by that battery. Using this circuit and the plot,

~

2

R

what is the value of the unknown resistor R,?

= —_— — R —
Ry34s6 Rz * Rs¢ 40000 + 20000 40000 23456

Resistors Ry, R,345¢ and R are in series:
Req = Ry + Ry3456 + Ry = Ry = Rynk = Reqg — Ra3use7 — Ry
The equivalent resistance is the inverse of the slope of the graph:

1
Req = 7eg o= go1 = 13003.99

— Ry = Ry, = 13003.9Q — 1333.3Q — 3(10000) = 8670.6

R6 - R
- A\ 0.0025
— -5
| \LLL\Rl — Runk o002 I =7.69%x107°V .
AN < 00015 o
$ & ® Rs =R 3 o
£ £ 0.001 et
| |74 N S .o
‘%) 0.0005 o
0 e
0 10 20
};/\/\i\’_R Voltage (V)
4 =

Resistors Rs and R, are in series:

Rss = Rs + Rg = 10002 + 10000 = 20000

Resistors R,, R3, and R, are in series:

Ry34 = R, + Rz + R, = 1000Q + 2(1000€) + 10000 = 40000

Resistors R,5, and R, are in parallel:

1 1 1 1 1 3 4000Q
= 1333.3Q

30



b. What is the current through resistor R if the circuit were connected to a 100V
battery?

V- VR1 - VR7 - VR23456 =0- VR23456 =V - VR1 - VR7 =V- Itotal(Rl + R7)
Vi,sese = 100V — 0.0077A(8670.6Q + 3(1000Q)) = 10.1V
VR23456 = VR234 = VRse =10.1V

g, 101V

o =1l =1l = se = 0.00514 = 5.1m4
Rss = 'Rs — 'R = p_ = 2(1000Q) m

vV _ 100V

We calculated I =—= = 0.00774 = 7.7mA or we could have used
total ™ R,, ~ 130039

the curve fit: 1 = (7.69 x 107°Q"1)V = 7.69 x 107°Q~! x 100V = 0.00774 =
7.7mA

c. Suppose that resistors R,, R5, and R, in the original circuit in part 1a were light
bulbs. Rank the bulbs in order of least to most bright and explain how you arrived
at the conclusions you did for each bulb. Hint: The brightness is proportional to
the energy dissipated across the bulb.

The energy dissipated (per unit time) is the electric power.

PRz = 11%234R2 = 11%234R
PR3 = 11%234R3 == I}%234(2R) == ZPRZ = ZPR4
PR4 = 11%234R4 = 11%234R

Since there is more energy dissipated across resistor R, resistor R is brighter than
resistors R, and R,. Resistors R, and R, have the same energy dissipated and thus
have the same brightness. So, in terms of least to most bright: R; > R, = R,.



d. Suppose a square loop of wire with sides of length L = 10cm and total resistance
R’ = 3kQ is connected to a V' = 50V battery. This circuit is placed a distance of
1cm to the right of resistor Rs, from the original circuit in part 1a, as shown below.
What net force does the square loop of wire feel? The remainder of the original
circuit is not needed and not shown for clarity.

The current in the loop flows clockwise '
and has a magnitude I' = = = >~ = $

R’ 30000
0.0167A. Rs 10cm

The force on the top (pointing down)
and bottom (pointing up) cancels
everywhere across the top and bottom of
the wire loop.

The force on the left edge: 4{ |—~—/\/\/\/——
Hol ) S — R’

F.c =I'LB=1L|{——m %4
; 41 x 10777 % 0.0167A X 0.00514 x 0.1m 170 x 10-10N
= = - X
left 21 X 0.01m

And by the RHR, the direction of the force on the left side (for the current clockwise
and up on the left and the magnetic field out of the page) is to the RIGHT.

The force on the right edge:
ol
Frione =1'LB =1L
right <2ﬂrright)
P 41 X 10‘7TT’" %X 0.0167A4 x 0.00514 X 0.1m
right = 2w x 0.11m

=154 x 107N

And by the RHR, the direction of the force on the right side (for the current
clockwise and down on the right and the magnetic field out of the page) is to the
LEFT.

The net force:
Fret = Fiept — Frigne = 1.70 X 1071°N — 1.54 X 107N = 1.55 x 107N to
the right.



2. A proton with speed v enters a uniform B = 1T magnetic field at an angle 8 measured
with respect to the direction of the magnetic field

a. What is the orbital period of the proton about the external magnetic field?

The perpendicular component of the velocity dictates the motion about the
magnetic field.

2
v, =vsinf = ?and F=qv,B= m% S v, = %. Equating these two
expressions we get:

2mm _ 2m X 1.67 X 1077 kg

iR _4RE L p 6.56 x 102
= = = - = 0.
T  m gB ~ 1.6x10-1°C x 1T S

b. Suppose that the orbital radius and pitch of the proton was R = 6cmand L = 47cm
respectively. At what velocity (magnitude v and direction 6) did the proton enter
the magnetic field? Hint: calculate the components of the velocity perpendicular
(v.) and parallel (v;) to the magnetic field.

2TmR 2m X 0.06m

=—= =5.75x 10°7
VL = T T 656 x 10-8s s
L 0.47m
o= M 96 %105™
VI = T = 556 x 10-8s s

v= [vi+v?=.(716)2+ (5.75)2 X 10°" = 9.18 x 10°™ in magnitude.

The direction:

v 5.75 x 10°™
v, = vsinf - 0 = Sil’l_1 (f) = Sil’l_1 <m> = 3880
s

Or from

v 7.16 x 10°™
V), = vcos 0-0= COS_1 (;") = COS_1 (m) = 3870
s



c. The motion of the proton about the external magnetic field is termed uniform
circular. That means that the magnitude of the velocity, the speed v, does not
change as the proton orbits. What does change is the direction of the proton’s
velocity due to the proton interacting with the external magnetic field. This
interaction exerts a force (and thus an acceleration) on the proton. Explain why the
motion is uniform, meaning that the speed does not change and from this, how
much work is done on the proton by the external magnetic field.

The motion is uniform meaning that the speed of the proton does not change as
the proton orbits about the external magnetic field. For the speed of the proton to
change, there would need to be a force (or a component of a force) either parallel
to or antiparallel to the velocity. Since the force is a centripetal force and is
perpendicular to the velocity, there is never a component of the magnetic force
parallel to or antiparallel to the velocity. Thus, the speed never changes.

From this, the work done on the proton by the external magnetic field is the force
times the displacement times the cosine of the angle between the force and the
displacement (which is parallel to the velocity.). Since none of the force points in
the direction of the velocity, the angle between F and A7(x ) is @ = 90°. Thus,
the work done (W = FArcos 8 = FAr cos 90 = 0) is zero. Since the work done
is zero, the change in kinetic energy of the proton is zero and the final speed of
the proton is the same as the initial speed of the proton.

d. What is the maximum orbital radius the proton could undergo about the external
magnetic field and at what angle, measured with respect to the magnetic field, does
this maximum radius occur?

v 5 v? p WL _mv sin @
= = _— = =
v =mrp qB 4B

The maximum radius occurs when the angle 6 between v and Bis 90° and the
radius:
mv, mvsing 1.67 X 107*"kg x 9.18 x 10°% sin 90

k=18 qB 1.6 X 10-19C X 1T
R = 0.0958m = 9.58cm




3. Consider a set of parallel vertical low-friction metal rails is attached to a wall as shown
below. A uniform B = 1.5T magnetic field points into the wall and is parallel to the
normal to the loop, which also points into the wall. A bar of mass m = 250g and
length L = 1m is pushed up the rails at a constant speed v.

a.

If the bar has resistance R = 0.75, what upward
force would | have to apply (F,,.) so that the bar
moves up the rails at a constant speed v = 2.4%?
Assume my force acts vertically upward parallel to
the wall.

<< < X
<X X

Fpet = Fpe — Fy — Fg =ma,, =0

Fpe = Fy + F3 = mg + ILB

Moo X X X X

€ BL cos 6 Ay
E,, =mg + (E) LB =mg + (TA_t> LB

£ BLvcos0 L
En, =mg + (ﬁ) LB =mg + (T) LB

B?L%v
R

Fpe = mg +

(L5T)2(1m)? x 2.41

0750 = 9.65N

Fne = 0.25kg % 9.8 +

What is the magnitude and direction of the current induced in the bar as it is pushed
up the rails at a constant speed v = 2.4=? Be sure to fully explain your reasoning

behind your choice for the direction of the current.

e BLv 15T xX1mx 247
=== = S =484
R R 0.75Q

As the bar moves up the page, the magnetic flux is decreasing. To undo the
decrease in magnetic flux, | need a magnetic field that also points into the page.
This will induce a current to flow through the bar from right-to-left, or clockwise.

X< X X X X

ol



C.

Suppose at the very top of the rails you hold the bar at rest. Then at some moment
of your choosing, you let go of the bar. If the bar falls from rest vertically down
along the rails, what is the terminal speed of the bar? Assume that the bar always
maintains contact with the rails as it falls.

Fnet,y - _FW+FB :may - O
€ BLv B?L*v
FW=FB—>mg=ILB=(E)LB—wngz(T>LB= P
_mgR _ 0.25kg X 9.85ﬂ2 x 0.75Q _oga™
Vierm = B2z T T (1.5T)2(1m)? S

When the bar reaches terminal speed, what is the magnitude and direction of the
electric field induced in the bar? Be sure to fully explain your choice for the
direction of the induced electric field in the bar.

As the bar falls, the magnetic flux through the loop of wire bounded by the bar is

increasing. To undo the increase in magnetic flux, I need a magnetic field generated

by the loop to point out of the page. To get the magnetic field to point out of the

page, the current in the bar must flow from left-to-right or counterclockwise. This

means the electric field must point from left-to-right across the bar with magnitude
AV (Veigne =Viesr) _V _ & _ BLv

E = Ax L I°1 I Bv = 1.5T x 0.825 1'23C




Physics 111 Formula Sheet

Electrostatics

q14

F = k%
F=qE; E,=k%L;, E 4
=(qL; pc — 20 plate €A

AV

E=-=

Ax

Voe = k7

U = k™2 = qV
W = —qAV = —AU, = AK

Electric Circuits - Capacitors
_ . _ KEOA
Q=CV; C=—
Cparallel = Z{V=1 Ci
1 1
= Z{V=1C_l
t

QChar‘ging (6) = Qmax (1 — 6_;)

Qdischarging ) = Qmax€ ©

Cseries

L) _t
](t): max€ r:%e T

T=RC
Q2
Ue=12qV =2V2=%
Light as a Wave
c=fA
__ Energy _ 2 _ B%*(®)

S(t) " timexArea CGOE (t) =¢ Ho

— — 2 — Brznax
I =Sg,y= %ceoEmax = cm

g ; absorbed

P =
%; reflected
S =5,cos? 0
c
v=-

n

Qincident = Hreﬂected
n,sinf; =n,sinb,
1

=—-=—+4—
fd do d; N

M=t g =
do ho

Magnetism
F=qbxB—>F =quBsinf
F=ILxB —»F =ILBsin6

Viau = wvgB

— Kol
2nr
g=AV = —N=-22
At
¢p = BAcos 6
Electric Circuits - Resistors
AQ
I =—=
At
I =nedAvy
n = (pmNA) % charge carriers donated
m atom
V =IR
R=2
A
Rseries = é\;l Ri
1 _ N l
Rparallel - i=1 R
2
P="=V=PR="
At R
Light as a Particle/Relativity
hc
E=hf = T
Kpax = hf — ¢

' M
A =2 —A—mc(l cos ¢)

1 1 (1—cos ¢)

T ) Bre = me
1

Yy = —
-z

p =ymv

Eiotar = Erest + K = ymcz

K= —-1mc?

2 — n2 2 2.4
Etotal_p c“+m-c



Nuclear Physics

N = Nye™*t
m = mye
A= Aje
A= AN
In2
L=
Constants
g =985
le = 1 6 x10719C
e =9 X 109"’m

€p = 8.85x 10712,
leV = 1.6 X 10719
o = 4m x 10772
c=3x1082
h =6.63 x 1073%Js = 4.14 X 10™*%¢V’s
N, = 6.02 x 10?3
lu = 1.66 x 107"kg = 931.5°
m, = 1.67 x 102"kg = 937.1%
n =169 X 107" kg = 948.3M¢

MeVv

m, = 9.11 x 1073'kg = 0.511"

Physics 110 Formulas

2

F=md; F;="2" F=—ky; a=">
W = —AU, — AU, = AK

Uy = mgy

Us = sky?

K = mv?

Ty = 17; + Uit + ldt?

Up = U; +dt

vf = v} + 2a,Ar

Common Metric Units

nano (n) = 107°
micro (u) = 107°
milli (m) = 1073
centi (¢) = 1072
kilo (k) = 103
mega (M) = 10°

—-b+Vb2%-4ac

Geometry/Algebra

Circles: A=nr? C=2nr=m
Spheres: A = 4mr? V= gnrf“
Triangles: A= %bh

Quadratics: ax?+bx+c=0-x= ”
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