Physics 111
Exam #2

October 30, 2020

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 = ml¥|= (Ske) x (2) =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.

All multiple-choice questions are worth 3 points and each free-response part is
worth 7 points.

Problem #1 124
Problem #2 124
Problem #3 124

Total [72

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




1. Reflection, Refraction and Lenses

a. The upper (or apex) angle of a prism is ¢ = 75°. What is the minimum indecent
angle that light can make on the left face of the prism for the ray to emerge on the
opposite side? That is, what is the minimum angle on the left surface such that
the light will not be totally internally reflected if the index of refraction of the
prismisn = 1.58?

On the left face:
Ngir SIN B, = nsin G,

On the right face:
nsin g = Ny Sin@'y;, = 1 X sin90 = 1 cwrwmeomenre
— 1.58sinf; =1 - 0z =39.3

The triangle:
-0, =75—0f =75-39.3=357

- Ny Sin By, =nsin@;, = 1.58sin35.7 = 0922 - 6,;,- = 67.3

b. Consider making a camera by using a lens with an unknown focal length. To
determine the focal length of the lens you are using, you hold it over a piece of
paper with some writing on it. The paper is 18.5¢cm away from the lens and the
writing is seen to be magnified by a factor of 5.5. Then the lens is put into the
camera and is used to take a picture of an object 0.62m tall. The image on the
film is found to be 3.5¢m tall. How far away from the object was the lens in the
camera?

Focal length of the lens:

1 1 1 1 1 1 1
1,111 _ - - f. = 22.6cm
fe dg d; dg Md, 18.5cm  5.5%x18.5cm

The camera:
M= =28 _ 057
ho  0.62m
M=2%54d, =Md,
d

0

1 1 1 1 1 1 1
(14 55%7)

Foata " da, tma, T g\ T o057

- dy = 18.5f, = 18.5 %X 22.6cm = 419cm = 4.2m




c. Two lenses are used to form an image of an object. Lens 1 (f; = 124mm) is
placed to the left of lens 2 (f, = 66mm) by an amount D. A 1cm tall object is
placed a distance of 72mm to the left of lens 1. A real image is produced on a
screen 87.2mm to the right of lens 2. What was the separation, D, between the
lenses and what is the final image height of the object?

For lens 1:
1 1 1 1 1 1

fCl - d01 dil 124mm - 72mm dli

- dy =—171.7mm

For lens 2:
1 1 1

1 1 1
fec dy di 66mm doo 87.2mm

doyo =D+djy > D =dy, —dj; =271.5mm — 171.7mm = 99.8mm

his = Mphy = 0.77 X 1em = 0.77cm

_ (171.7mm) ( 87.2mm
- 271.5mm

) = 0.77

72mm

Suppose that the lens from part b were placed under water, where n,,4ter > Ngir
and nygns < Nyqrer- A parallel beam of light is incident on the lens under water.
Which of the following gives the focal length of the lens under water (f,,qter)
compared to the focal length of the lens in air (f,;,)?

fwater > fair'
. fwater = fair-

3. fwater < fair-
4. The focal length cannot be determined from the information given.



2. Airplanes in a magnetic field

An airplane has an aluminum antenna attached to its wing that extends 15m from
wingtip to wingtip. The plane is traveling north at 300=: in a region where the Earth’s
magnetic field has both a vertical component and a northward component, as shown
below. The net magnetic field is at an angle of 55° measured with respect to the
horizontal and the magnitude of the magnetic field is 6 x 107°T.

S{[’;i \\ Verical
GI%-:

Top View Side View

J

a. What is the magnetic force on electrons in the antennae?

F =quBsinf = 1.6 X 1071°C x 300% X 6% 107°Tsin55 = 2.4 x 10721N

Direction: By the right-hand-rule the electrons move down the page toward the
right wingtip.

b. What is the net electric field generated in the antenna and what is the potential
difference across the antenna?

F=gE—>E= F_ 2.4x10721N

N . .
7= TexioC 0.0155 up the page toward the left wingtip.

_| %

| =3 - AV = EAy = 0.015% x 15m = 0.23V
Ay Ay c



c. Suppose that the ends of the antenna are now connected by conducting wires (in
blue) so that a closed circuit is formed and further, suppose the plane decided to
tip its nose downward so that it flies along and in the direction of the magnetic
field as shown below. What is the magnitude and direction of the current induced
in the loop of wire if the loop has a resistance of R = 100Q? Assume that the
plane takes 10s to transition from flying horizontal to flying along the magnetic
field and that the wires each have length [ = 15m.

Vertical

l -N

N 55°
£ = _NA(BACOSB)

At
e = BAAC059

At
Side View
e=6x 10-5T><2(1><15—m>< 13m)xw| —48x 107V
2 2 10s

Where the height of the triangle is: sin 60 = @ — height = lsin 60 =

15msin 60 = 13m

[ =& =AW _ 810764 = 4.8uA
R 100Q

The direction of the induced current is CW to undo the decrease in magnetic flux.

d. A beam of light shines from air into a transparent medium having two parallel
surfaces. Part of the beam is reflected from the second surface as shown below.
The index of refraction of the medium is 1.5. Which of the following describes
the relationship between the angles of incidence and reflection and the
relationship between the angles of incidence and refraction?

a  0<0and0<a N{ y’ air
0=0"and 0> o i :

C. 0=0"and0<a ;

d. 0>0’and 0> a A 5 medium

air



3. Magnetic forces and fields

The circuit shown below consists of a battery with potential difference e = 1000V in series
with a rod of length [ = 5m, mass m = 140g, and resistance R = %Q. The rod is suspended

by vertical connecting wires of length d = 100cm, and the horiztonal wire that is connnected
to the battery is fixed. All of the connecting wires have negligible resistance and mass. The
rod is a distance r = 1cm above a conducting cable. The cable is very long and is located
directly below and parallel to the rod.

Fixed Horizontal Wires
Je )
—
'

d d

/
1 *__—Rod (mass m, resistance R)
r e P

y__—Cable

a. What magnitude and direction of current flowing in the cable (1) will produce no tension
in the vertical connecting wires?

I m
FB_FW:mayzo_)FB:FW_)IRZBC:mg_)I;OT::K‘?

_ 2mrmg _ 2mX0.01mx0.140kgx9.8%

Ic = =
Inl —_,Tm_ (1000V
HolR 41TX10 " x( 050 )XSm

= 6.864

The direction of the current in the cable would be from left to right across the page to
produce a magnetic field out of the page at the rod and an upward magnetic force on the
rod.

b. What is the net magnetic field at point P in the diagram, midway between the rod and the
cable? Hint: Assume thatd > r.

The magnetic field of the cable at point P points out of the page and the magnetic field of
the rod also points out of the page. Thus, the net magnetic field will point out of the page
with magnitude:

_ Holc

Bnet,P =Bc+Bg = 2 +

Holr _ ko
2mr’ 21T (T

2
7Tm

4 (6.864 + 20004) = 0.081T

7(0.01m)

)w+m=§m+m

4TX10™
Bnet,P =



C.

Suppose that a beam of protons are accelerated from rest by a potential difference of
16MV. Atthe end of the accelerating region, assume that the proton beam enters a
uniform magnetic field with magnitude and direction given by your result to part b. If the
velocity of the protons is perpendicular to the magnetic field, what are the orbital radius
and period of the proton beam?

W = —qAV = —(e)(0V — 16MV) = 16MeV
W= —1Dmyc?=(—1) (937.1 Me") 2 = 937.1MeV(y — 1) = 16MeV

c?

16MeV 1 1 -
Y= T1= 10172 =—=—>v = ,/1 —z¢= |1 = o = 018¢

==

myv? mv  1.67 x 10727kg x 0.18 x 3 x 1037
R — —

F=quB = = = =71
v R T 4B 1.6 x 10-19C x 0.081T m
2nR T 2mR 2w X 7.1m 8.23 x 107

= = = = 8.
=TT v 018x 3 x 1057 *

Which of the following is true if the intensity of an electromagnetic wave
doubles?

1. The electric field must increase by a factor of 2.

2. The magnetic field must increase by a factor of 2.

@ The electric and magnetic fields must each increase by a factor of v/2.

4. The electric and magnetic fields must decrease by a factor of V2.
5. None of the above statements are correct.



Physics 111 Equation Sheet

Electric Forces, Fields and Potentials Electric Circuits Light as a Wave
D
F= kQ‘Q“ 1:—Q=neavd c=fl= !
r’ Dt Eols
= _F =JR= r_Lj B?
E=2 V—IR-I( y s(t)= _energy —csE2(t)=c (t)
q . timexarea My
- — 2
EQ = krgz;; Rxerics - IZ:;RI I — S 1 CSO Eriax — Smax
Ho
N
PE leQZ 1 i S Force A
r “parallel i= C A rea c
2
V(?’)=kg P:[V:]ZR:V_ S:SOCOSZH
r R c
AV V= -=
EX=—E Q:CV:(/@TOA)V:(/(CO)V \/7 n
W =—qAV =—q[V,-V/] 2 O = Ore
=-qAV=—q[V,-V, _v=tor=1crr=2 .
_ ) W=U=30V=5ClV*"= n,sing, =n,siné,
Magnetic Forces and Fields 2C 111
F= qvBsin8 (-2 ot
1 . Qcharge (t) = Qmax kl -e RCJ f do di
F=1IIBsin@ h d
7= NIABsin@ = uBsinf _ - M=—t=-—"
’uB Qdischarge (t) - Qmaxe ke ho do
PE=—puBcosd N N
3 u,l Cpnmllel = ZC,. M gl = 1_1[ M;
= i=1 1=
2 1 &1 dsin@=mA or (m+1)A
Ag, . AN(BAcosd) =2 asing —m' A
Einduan= N At -N At Light Sapartilo & Relativity Iﬁuclear Physics
2
E _hf :%: nc Ebinding:(Zmp+Nmn—mm)c
AN _ ~IN, > N(t)=Ne™
Enx =hf =g =8V, At
—At
h Alt)=A,
Al =——(1-cosg) m(t)=m
Constants m.C In2
g=082 yo L W
le=16x10"C v2 _ _
1X 1-— Misc. Physics 110
k= e =9x10° " ¢ Formulae
) p=ymv - Ap A(mv _
50:8.85><10712% 2 F:—p: ( ) =ma
- —19A Etotal =KE+ Erest = }/mc At At
leV =1.6x10"J \ - - 7 - k5
m=4px107m Eiw = Pp°C"+mC .
c=3x10°n E,. =mc? F.= m%?
h=6.63x107Js — (v —1)me2
0511MeV KE (7 1) me W =AKE = %m(v; —vf) =—APE
m, =9.11x10% kg = PE
ravity = mgy
) o, %1, 1MeV Geometry s
=167x107kg= , PE.  =lky
Circles: C=2pr=pD  A=pr spring — 2
m, =169x10" 271( —9483M3V Triangles: A=%bh Xp =X, + vixt+%axt2
% . — 2 _ 4,3
Spheres: A=4pr V=spr v.=v +at
Lamu=1.66x10"" kg - B8LoMey x we
¢ v?x =v, +2aAx
N, =6.02x10% : :
-B+B*-44C

A +Br+C=0->x=
24




