PHYSICS 212 CHECK-OUT QUESTIONS PHYSICS 212 CHECK-OUT QUESTIONS

Laboratory 13: Circuits Laboratory 13: Circuits
1. Which diagram below shows a correct placement of a voltmeter to measure the voltage 3. Consider the following circuit:
across the Red resistor? (R = Red, B = Blue, G = Green) Circle the correct diagram. @ Determine the potential difference across Ry Ri=10W
if the current through Ry is equal to 0.525 A. '

6V

b) Determine the current through Rs. Re=2W

¢) How would you place an ammeter in the circuit to measure the current through Rs? Show
this by sketching the circuit including the anmeter.

. 4. Consider the following circuit, which contains a light bulb and a battery that supplies a
Suppose the resistances are such that Rs = 2Rr = 3Rs, and the current through the Green constant potential difference. Several ammeters and voltmeters are wired into the circuit as
resistor is 0.14A. Determine the current through the Red resistor. Show all your work or shown.

explain reasoning.

R=45W

R

2. The diagram at right shows a circuit composed of a battery and two resistors with values as
givenin the diagram Two ammeters A; and A are also placed in the circuit to measure 90V —1
currents. : I

Determine the current measured by ammeter Ay.

a) Determine the reading on voltmeter Vi.
9Volts

Determine the current measured by ammeter Ap. b) Determine the reading on ammeter A.

c) Determine the reading on ammeter A,.



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 14: Charged Particlesin Fields

1. In the &m for electrons lab, you observed a circular path of electrons asthey passed  through
aglass gas-filled tube in amagnetic fidd. What would happen to the radius of this path if you
made the following independent changes?

a) Increasing the accelerating voltage would make the radius

increase decrease stay thesame

b) Increasing the Helmhaltz current (i.e., the current in the large outer coils) would
meke the radius

increase decrease stay thesame
€) Magicdly doubling the ectron mass would make the radius

increase decrease stay thesame

2. An electron is shot through a region of magnetic field out of the page, as shown in the

ONONONO.

- ONONONO
ONONOMO,

a On the diagram above, draw the path of the electron as it enters the region of magnetic

field.
b) Circle your answer to each of the following statements.

(i) If the magnetic fidd is doubled the radius
of curvature for the electron will increase: True False

(i) A neutron will curve upward: True False

(iii) An dectron and proton have a different radius
of curvature: True False

3. Inan experiment to messure e/m for an eectron, the following five vaues are obtained:

e/m (C/kg)

1.7488 x 10"
1.7507 x 101
1.7533 x 10"
17473 x 10"
1.7519 x 10"

1.7504 x 10"
21410 x 108

Average
Std dev

@) Inyour conclusion, how would you writey our vaue of &m induding the uncertainty?

b) Isthis data consistent with the actual value of 1.7588 x 10" Ckkg? Explanwhy or ~ why
not.

4. Consider theillustrated path of electronstravelingin = cail
the region between two current-carrying coils of
wire.

a) Indicate the direction of the magnetic field
produced by the current in the coils a the origin of
the coordinate system in the above diagram. (Circle
one)

+X X +y -y +z -z

b) Starting with Newton's second law, derive an equation for the radius of the electron's path R in
terms of the magnetic field strength B, the velocity of the electrons v, the mass of the electrons m,
and the charge of the electrons .



PHY SICS 212 CHECK-OUT QUESTIONS
Laboratory 15: Motors and Generators

1. A wire hooked up to abattery isplaced into amagnetic field as shown in the figures below.

—

B

FigureA FigureB

a) For Figure A, which of thefollowing is correct for the direction of the magnetic force
exerted on the wire in magnetic fidd? Circle one.

Up L eft Into Page No Force
Down Right Out of Page Can't bedetermined

b) For Figure B, which of the following is correct for the direction of the magnetic force
exerted on the wirein magnetic field? Circle one.

Up L eft Into Page No Force
Down Right Out of Page Can't bedetermined
2. In preparing the coil for the smple motor, you were careful to sand only half the axles. Your friend

accidentally sanded the axles dl the way around and got somedifferent resultsthen you when the
circuit was connected. What kinds of motion might you expect to see with your friend's coil ?

3. A conducting disk lying fla in the plane of this page can rotate abot its axis A uniform
magnetic fied points into the plane of the page. A battery connected to the disk by wires
dlows current to flow either from the center of the disk out to the edge or from the edge of
the disk in towards the center. When current flows through the disk, it rotates clockwise

a) Isthe current flowing from the center of the disk to the edge of the disk or from the edge
of the disk to the center? Briefly explain.

b) What are two changes you could make that would cause the disk to rotate counte-
clockwise?

conducting
disk
4. A conducting disk and acylindrical bar magnet have their axes digned o s
asshown inthefigure. For each of thefollowing cases,  what is
true about the potential difference generated inthe  conducting disk? magne
@ The conducting disk is rotated about its axis while the magnet is
hdd fixed:
Potential difference generated in disk No potential difference generated
in disk
Not enough information to tell
b) The magnet is rotated about its axis while the conducting disk is held fixed:
Potential difference generated in disk No potential difference generated
in disk
Not enough information to tell
€) Both the conducting disk and the magnet are rotated about their mutual axis at the same
rate:
Potential difference generated in disk No potential difference generated
in disk

Not enough information to tell
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PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 16: Interference of Light

Your lab partner yanks a hair out of your head and shines alaser acrossit. Y ou notice thet it
makes aline of bright and dark spots on a distant background screen, and the width of the bright
spotsis 5 mm. After the bleeding stops, you decide to return the favor, yank ahair out of your
partner’s head, and repest the experiment exactly. Y ou notice, however, that the width of the bright
spotsis only 2.5 mm when using your lab partner’ shair.

a) Who has thicker hair, you or your lab partner?

b) How many timesthicker isthe thicker strand of hair? Circle the best answer:

@) 20 (i) 25 (iii) 4.0 (iv)80

. Thefigure below shows the pattern on a screen whenlasar light isilluminetes asingle dit with wicdth

0.02 mm. Inthe space below, draw the pattern that you would expect if lightilluminates a double
dit arrangement, where each dit has awidth of 0.01 mm and the spacing between the centers of the
ditsis0.100 mm.

Pattern with single slit with width 0.02 mm

. Youilluminate severd different dideswith laser light and noted the resulting intensity patterns

produced on adistant screen. For each of the following dides, identify the best corresponding

intensity pattern from the list of patterns A through F given below. Also besureto circlethe

appropriate orientation of the pattan

a) doubledlit

b) asingle hair

c) a5-dlit arrangement

d) asinglesdlit

N~—

Pattern
Choice

A BCDEF

A BCDEF

ABCDEF

ABCDEF

Pattern Choices (Note: grey indicates a bright spot)

A

Orientation

horizontal

horizontal

horizontal

horizontal

vertical

vertical

vertical

vertical



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 17: Refraction of Light

1. Thisquetion involves propagetion of light across an interface.

a) Cirdedl of thefollowing diagrams which correctly illustrate the gpproximate path
light could take in traveling between two points on the opposite (or same) side of
anar-wder interface:

A. B. C. D.

.\ _

water - / }

b) Use Snell’s Law to caculate the correct angle of the refracted ray for
light traveling through air which isincident onto water as shown below.
Usethese values of theindices of refraction: nar = 1.00; NMyaer = 1.33.

Show your work induding a sketch indicating the refracted ray andthe angle of
refraction.

ar 50

Angle of refracted ray =

water

2. Consider abeam of light traveling from glassto air asshown
inthefigure  Theindex of refractionof thisglassis 1.55.
When light strikes the interface, some light is transmitted and
somelight is reflected.

ar

70°
g Cdculaethedirection of the trangmitted light
and the reflected light, and label these carefully
on the diagram. 20°

b) Determine the minimum incident angle necessary
forthereto beno trangmitted light.

glass

3. Consider the glass prism shawn in the
diagramas viewed from above &sit Sits
on alaboratory table. Therefractive
index of glassis 1.50 and the refractive

index of the surrounding air is 1.00. 1
Using Snell's Law and your other %07
knowledge of the propagation of light

through different materids, sketch dl

reflected and/or tranamitted rays

occurring & points 1 and 2. Cdculate
and labd dl ray angleswith numerica
values.

4. Consder light traveling from water into glass, as shown

Therefractive index of water is 1.34.

a) Cdculate the refractive index of the glassto two
decima places.

b) Under which of the following casesistotd interna
reflection possble? Circle the appropriate case.

i) Light travelling from water to glass.
ii) Light travelling from glass to water.

D)} Light travelling from water to glass and
from glass to water.

Light ray 2

s

glass
ight ray 1
water
65°
25° e
28°
62°
glass




PHY SICS212 CHECK-OUT QUESTIONS
Laboratory 18: Polarization States of Photons

1. Assumewe haveided polarizers; that is, the polarizerstransmit 100% of the incident light thet is
correctly polarized. Consider the arrangement of polarizersshown below. If the voltage of the
photodiode detector in situation A is 2.00V, determine the correct voltage reading for situations B and

Cbelow.
@ A=200V

3

OO

?7?7?

00
¢

2. Threeided polarizers are shown in the diagrams below. The transmission axis of polarizer A isat
an angle of 0° with respect to the vertical; polarizer B a an angle of 90° with respect to the vertical;
and polaiizer C a an angle of 45° with respect to the verticd. They are arranged in the order
shown below. 45°

VW

a) Theintensty of thelight which mekesit through polarizer A islo. What is the intensity of any
light thet it makes it through the last polarizer, polarizer C (intermsof 19)?

Now consider polarizess B and C switched to the different order shown below.
45°
o
N \R

A C B

b) Theintendty of thelight which makesit through polarizer A is k. What istheintendity of any
light thet it makes it through the last polarizer, polarizer B (intermsof 1)?

3. Unpolarized light passes through a tank filled

with a water/creamer mixture, and is

observed by two students. Student A, who

is looking at the tank adong the direction of

the incident light, observes light coming @} ’,
directly towards him. Student B, who is

looking a the tank from the side (with ~ StudentA
respect to the incident light,) observes light

coming directly towards her.

a) Student A looks at the light coming towards him through a
polarizing filter. What orientation of the transmission axis
of the polarizer would result in the most noticesble dimming
of thislight? (Circleone)

OVERHEAD VIEW

unpolarized
incidentlight

student B

incident light

pointsout of
page

Student A’s View

< > no noticesble
dmming

b) Student B looks at the light coming towards her through a
polarizing filter. What orientation of the transmission axis of
the polarizer would result in the most noticesble dimming of
thislight? (Cirdeone.)

unpolarized
ingident light

Student B's View

¢ > no noticesble
dmming

. Congider the glass prism shown in the diagram as viewed from

above as it Sits on alaboratory table.

Suppose the dectric field vector associated with light ray 1 is
polarized in a direction perpendicular to the page (i.e., te
dectric fild vector oscillates in and out of the page) and the
ectric field vector associated with light ray 2 is polarized in a
direction parald to the page and perpendicular to the direction
of light ray 2. Viewing the prism as shown in the figure, which
light ray will appeer brighter due to the scattering of light from
the moleculesin the glass? Explain your answer.

Ray 1 Ray 2

Light ray 2
p glass
Light ray 1
Both Rays

Equally Bright



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 19: Lenses and Imaging

1. Using thelens equation, determine if the following ray diagrams are possible. Word
descriptions are included for dlarity. Circle either TRUE or FAL SE.

a) Anobject located at twice the foca length in front of alenswill have asharply-
focused image at the same distance beyond the lens: TRUE FALSE

object imege

X X

b) Anobject located at a distance greater than the focal length in frort of alenswill
have a sharply - focused image at a distance less than the focal length beyond the lens:

TRUE EALSE
object j]: imege
f f

2. Thefigure below shows acrude telescope similar to the ane you medein lab. The focal length of
each lensisindicted in the diagram.

eyepiece objective

object
ﬁ d B — 30cm — 9
FaN
(Not necessarily toscale.)

f=7cm f=5cm

a) How many centimeters to the left of the objective is the image formed by the objective?

b) What should be the distance d for best focusshng of the object (i.e., the rays come out of the
eyepiece gpproximately paralel or collimated)?

3. You decide to make atelescope to view the daises in adistant fidld. Y ou have two converging
lenses at your disposal, one of focal length 20 cm, ard one of 70 cm. Explain how you should
position the lenses so as to optimize the performance of your telescope. Discuss the relaive
separation of the lenses, and the order in which they are placed.

daisies ﬁ h You
Your friend isusing asmall telescope to watch a football practice from his fraternity room. A

smdl bird landsin the apple tree next to hiswindow. Hetriesto identify the bird, but it appears
blurry. How must he adjust histelescope to see the bird dearly?

A. Move entire telescope closer to the bird.

B. Decrease the separation of the eyepiece and objective lenses.
C. Increase the separation of the eyepiece and objective lenses.
D. Clean the eyepiece lens of his telescope.

E. Smear peanut butter on the objective lens.

4. Given the telescope configuration given below.

Objectivelens

Eyepiecelens
d

| f

I

!

f=9cm

=3cm

a) Consider the object to be very far away from the objective lens. How far gpart should the
eyepiece and the objective lens be placed for a clearly focused image?

d=

Consider just the objective lens from above.

30 T

imege

f=9cm

b) If the object is now moved from 30 m to 10 m away, the image distance will:

Increase Decrease Say the same



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 20: Wave-Particle Duality

1. Inthe wave-paticle dudlity lab, what was the evidence you found that

a light can be thought of asawave?

b) light can be thought of asabunch of particles?

2. Inthewave-particle duality experiment, you investigated the intensity pattern produced by - photons
passing through two dlits and detected by aPMT detector asin the figure below.

Micrometer movement

Green Entrance slit Detector N\ and scale
\fllter Dpuble slit apertyre ]
/ \I Direction of
[ motion of PMT
I— Light-tight box
\
Lamp glit cover PMT detector

For each of the following statements, circleif they are true (T) or fase (F).

a Aninterference type result was obtained with both dits open
becauise a photon going through one dit interferes with a photon T F
going through the other dit.

b) At any given detector position, the number of particles detected
with both dits open is goproximately the sum of the number detected T F
with just dit #1 open and the number detected with just it #2 open.

C) Thelight seemsto behave like particles a the dits and like waves T F
&t the detector.

d) Theobserved interference pattern supports the argument that light T F
behaveslike aparticle.
3. Totest wave-paticle dudity of photons, light isfirst sent through adouble-dlit apparatus ~ withthe
right slit closed. Thefdlowing intensity plot results:

defector pasition
8 Onthebassof thisdata, what can you conclude? (Choose one.)
i) Light behaves like particles, with no interference;
ii) Light behaves like awave, with interference;
i) Not enough information to choose between iy and ii).
b) You now send the light throughboth dits. In the space provided below, sketch what the

intensity would look likeif light were made up of classical particles, and then what the intensity
would look likeif light behaved asaclassical wave.

classical particles wave
/ I
detector position detector position

€) Indicate the plot that best matches what you observed.



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 21: Counting Statistics

1. Chrismeasured the number of gammarays emitted in one second from aradioactive cobalt source
and found that the average count rate was 1092 counts/sec. Cobdt has a very long hdf life. Shawnis

about to repest this same experiment. Predict the count rate that Shawn should measure and place your
answer intheboxes  below.

count rate:| | kS | | counts/sec

2. A detector measures gamma rays produced each second from a radioactive sample which has avery long

3.

ef-life, i.e., 30 years. With 100 measurements, the average count rate per second is found to be 243.
What is the expected value (with uncertainty) for the 101° messurement?

In the geologicaly active region known as "Shaker Valey," seismologists have been carefully
monitoring the frequency of earthquake tremors for the past sixty-two years, and recorded an
average of eleven tremors each year. In 1997, the region experienced nine tremors, whilein 1998,
ssismologistsa total of eight wasrecorded. In 1999, fourteen tremors were monitored. It wasalso
the firg year in which amulti-nationa oil company began drilling in the area. Can you legitimately
conclude that the increased seismic activity in 1999 was due to the ail drilling? Explain your
reasoning.

An astronomer is searching for evidence of bright supernova explosionsin a distant galaxy. To make
the measurement, she connects a photomultiplier tube (PMT) to the focus of a telescope and
measures the PMT countsat a sampling frequency of one measurement every second. She observes
the gdaxy M51 for ten minutes and measures an average count rate of 1012 counts/second and a
maximum count rate of 1024 counts/second.

The astronomer would like to know whether the maximum count rate condtitutesa  Sgnificant
brightening of the galaxy above its average brightness. Consider the counts  collected by the
photomultiplier tube to be random events.

8 What isthe expected uncertainty in the average count rate?

b) Can she claim adetection of significant brightness increase? Give the reason for your answer in
asngle sentence.

. Two different |ab groups measure the number of gamma-rays detected from the same long-lived
radioactive source asin the " Counting Statisics' lab. Each group meesures the total number of

countsin afive minute interval using the same equipment. One group measures 4865 counts and the
other group messures 4797 counts.

Are the two messurements atistically consistent with one another? Explain.



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 22: Radioactivity

1. You are monitoring a radioactive materia that has been dumped in the forest behind your house.
On May 12, 1990, you detected an average of 2.0 107 gamma particles each second whenganding a
distance 5 m from the materia. On May 12, 1998, you measure the radioactivity again and detect an
average of 2.5" 10° gamma particles each second when standing 5 m from the material.

What is the hdf-life of the radioactive materiad ? Express your answer in years.

2. You are given aradioactive sample which decays to the ground state via the emission of gamma
rays. You collect the following data using a scintillation detector and counter-timer. Note that you
have dready subtracted the background radiation from dl of your data

time (sec) detectionrate  (counts/sec)
0 2,392

10 1374

20 789

30 453

40 260

50 150

60 86

The hdf-life of this substanceis

3. Therateof gamma-ray emission from aradioactive source is measured a two different times, as
summarized in the table below. From this data, estimate the half-life of the radioactive source.
(Show dl work for full credit.)

Time(sec) Counting Rate

5 16,000

17 4,000

4. A radioactive samplein the lab was messured to have an initial count rate of
10,000 counts/sec at the beginning of the lab. The sample has aknown haf-lifeof
12 minutes.

a) Estimate the count rate of the sample after 24 minutes. Circle the best answer.

1000 counts/sec 1250 counts/sec 2403 counts/sec 2500 counts/sec 2635 counts/sec

b) Estimate the count rate of the sample after 30 minutes. Circle the best answer.

1250 counts/sec 1705 counts/sec 1768 counts/sec 1875 counts/sec 2000 counts/sec

5. Thefollowing datawas taken from aradioactive sample whose half-life is known to be quite long.
The gammaray count rate has a'ready had background subtracted.

Gamma-ray count rate

Date (counts/ sec)
April 15, 1980 16,000
April 15, 1992 4,000

Based on this sparse data, determine an estimate (in years) for the haf-life of this radioactive
sample. Clearly explain your method of solution.



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 23: Emission Spectra

3. Inthe emission spectrum lab, we observed ared Ef;
T (656.3 nm), green (486.1 nm), and violet (434.0 nm) line £
n = 4747474 74747474
1. Intheemission spectrum lab, you observed ared, | P
' ' N = 4% Y% Y% Y Y Ya . from the spectrum of hydrogen. &
green and violet emission line from Hydrogen. Match up HRTRRTATATRT rom fum of hydrogen

the observed line with the appropriete atomic transition. N=3%%Y%:%:% %% On the energy diagram at right, indicate the

(Seefigureto theright for the energy levels of Hydrogen.) B

correponding transition in the blank boxes
N=2%% %% %Y Ya provided. Usethe notation R,G,V for red,
green, and violet respectively. | | | | | |

N=1 ¥%%% %Y YaYa Y

2 Redline (circleone)

5102 4102 3102 2105 2104 2103 4. Intheexperiment“ Emission Spectra and Atomic Transitions” aspectrometer was used
. . to determine the wavelengths for three spectra linesin hydrogen (red, green, and violet). Datafor
b) Greenline (crde one) this experiment is provided in the table below. The grating used in the experiment had a spacing d
5102 4102 3102 2105 2104 2103 = 1.65 x10°m. Complete the table below by filling in the missing information. For the uncertainty
to to to to to to caculaion assume no uncertainty in the grating spacing (i.e. Dd = 0) and that the uncertainty in the
o Videt lie (drdeone) messured angleisDg = + 0.05°.
Sto2 4to2 Sto2 2105 2to4 2103 color Diffraction angle Wavdength| (nm)  Uncertainty DI (nm)
d) Brigfly explain why you chose the answers that you did. ?%5( )
green 17.2
23.4
2. Thewavelengths of the photons emitted by n=4
hydrogen can be determined experimentaly using a |A n=3
Spectrometer. The energy leve diagram a right shows b L
some of the trangtions in hydrogen which give rise to neo
photons. )
c
Determine the wavelength of the photon emitted by
the hydrogen aom when the transition corresponding to ne1

letter B occurs.



PHYSICS 212 CHECK-OUT QUESTIONS

2. Consider the simple harmonic oscillaor pocential U = x°. A sumericsl intepration of
Laboratory 24: Numerical Determination of Energy Levels

Schrilinger's equation with two indicated values of the energy E gives the following graphs
af two different wave functioma:

LU
1. Tn the lab “Wumerical Determination of Encegy Levels,” you determined the wavefunction as

b Bl
a function of distance for specific values of energy wsing the Schrodinger cquation and
steppang equations, The figures below are examples of the wavefunction as a functiom of
digtance generated from these squationg. /'\

]
X
E=1 E=2
Of the following statements, circle the one that is TRUE.

There &re no allowed energy There is exactly | allowed emergy  There are exactly 2
levels inthe mnpe 1 S E 52, levelinthe ramge 1 S E£2 allowed energy bevels

X x inthe range 1 SE5 2.
These #re more than 2 allowed It is impossible 1o wll how many
energy levels in the range albywed epergy levels thene ane in the range
1£E<2 | = = 2 from the given mformation.

W W 3. Mentify which af the following wavefunctions is not a physscally secepiable solution 1o
Schrosdinger's equation for & bound state. Briefly state your reason for rejection.
.llj —
X X
x \-// \\/ x
W W
For each of the figures, write the letter of any sppropsiate stalement(s) in the box
below each figure,
X X
A The encegy chosen for this solution af the Schridinger equation produces
& wavelunction which is nol acceptable.
This wavefunction comesponds to the first excited sue,

4 7
This wavefunction is not allowed because it cannot satisfy the condition [ |y] e =1,
|

(1] Thiis wavefunction comresponds 1o the lowest allowsd ENETEY. OF the physically nceeptable waveluselions, identify the ane which has the hghess energy.



