PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 13: Circuits

1. Which diagram below shows a correct placement of a voltmeter to measure the voltage
across the Red resistor? (R = Red, B = Blue, G = Green) Circle the correct diagram.

.
L 1L
[ % [ e

Hook up voltmeter in parallel with circuit element.

Suppose the resistances are such that Rg = 2Rr = 3Rg, and the current through the Green
resistor is 0.14A. Determine the current through the Red resistor. Show all your work or

explain reasoning.
_ AV AVG = IGRB
l=—= .
AVR = IRRR

Ohm’s Law:

IcRG =IrRRRr = Ir :E—EIG :%(0.14& 10.28 A

LOOp Rule: AVG +AVR =0= ‘AVG‘ = ‘AVR

3. Consider the following circuit:
a) Determine the potential difference —L
across Ry if the current through Ry is equal
100.525 A.

AV =IR =(0.525A)(10Q) ,,

6V
R;:SQL—i R,=2Q
¢ %
. T

Loop Rule: Loop with battery , 10Q resistor and 5Q
resistor.

R;=10Q

b) Determine the current through Rs.

+6V_|1R1_|3R3 :OD|3 :6V_|1Rl :6V_525V

Ry 5Q

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

Hook up ammeter
Ri=100 in series with
circuit element

6V

Rs=50Q R,=2Q

2. Thediagram at right shows a circuit composed of a battery and two resistors with values as
given in the diagram. Two ammeters A; and A, are also placed in the circuit to measure
currents.

Determine the current measured by ammeter A | 00135 A @
9Volts @
Determine the current measured by ammeter A, 0.009 A 2kQ 1k
Loop Rule:

(1) Loop with battery and 2 kQ resistor
AV
+9V -1,1,(2kQ)=0= I,y =——— =0.0045A
(1)(2kQ) 17 2kQ

(2) Loop with battery and 1 kQ resistor

+9V - |(2)(1kQ) =0=> |(2) :% =0.009A

Junction Rule: Current into junction = current out.

Currentin = 1(;) +17) =0.0045A +0.009A =0.0135A

4. Consider the following circuit, which contains a light bulb and a battery that supplies a
constant potential difference. Several ammeters and voltmeters are wired into the circuit as
shown.

a) Determine the reading on voltmeter V.
Loop Rule: Loop with battery and light bulb.
+9.0V + Ameb =0= ‘AVbL”b‘ =9.0V. Voltmeter in

parallel across bulb, so measures voltage drop
across bulb:

b) Determine the reading on anmeter A;.

AVbuo ~ 9V _55a Ammeter
Rpub  45Q

1is in series with bulb; elements in series all have

the same current, so ammeter 1 measures current in

bulb: A;

c) Determine the reading on ammeter A,.

Ohm’s Law: Iy =

Ammeter 2 is also in series with bulb so ammeter 2
measures same current in bulb: A, 50.2A).



PHY SICS 212 CHECK -OUT QUESTIONS
Laboratory 14: Charged Particlesin Fields

1 In the &/m for dectronslab, you observed acircular path of electrons as they passedthrough a
glass gasfilled tube in amagnetic field. 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

| incese | decrease say the same
Increasing accelerating voltage increases speed;
increasing speed decreases radius.

b) Increesing the Helmholtz current (i.e., the current in the large outer coils) would
maketheradius

increese decrease l day the same
Increasing Helmholt current increases magnetic
field; increasing magnetic field decreases radius.

¢) Magically dowbling the electron mass would make the radius
increese decrease day the same

Increasing mass increases radius.

See 4b) for relations between speed, field, mass,
radius.

3. In an experiment to meesure em for an eectron, the following five values areobtained:

e&m (Clkg)

1.7488x 10"
1.7507 x 10%
1.7533x 101
1.7473x 10"
1.7519x 10

Average = 1.7504x 10"
Stddev = 21410x 10°

a) Inyour conclusion, how would you write your vaue of &m induding the uncertainty?

Report: mean + standard deviation of the mean.

. 8
Std dev. of mean = % = %
=9575 10'C/kg =0.0001 10* C/kg (round

uncertainty to one or two significant figures).

Answer (average value in this case) should be
rounded to match uncertainty:

(1.7504 +0.0001)" 101! C/kg.

b) Isthis data consistent with the actua value of 1.7588 x 10™* Clkg? Explain why or why not.

NO! 1.7588 10 C/kg is far outside the “range”
(1.7504 +0.0001)" 101! C/kg.

2. Anéectron is shot through aregion of magnetic field out of the page, as shown in the picture.

©® ONO.

I ONONO.
©® 0

8 Onthediagram above, draw the path of the electron asit enters the region of magnetic fied.
Use right hand rule. Remember negative charge
on electron.

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

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

See 4b) for relationship.

(if) A neutron will curve upward: True Fdf I

No charge on neutron, so no magnetic force.

(iii) An dectron and proton have a different radius P—
of curvature: | True I False
See 4b) for relationship. Assume that the
electron and proton have same speed.

4, Consider theillustrated path of electrons traveling in z
the region between two current - carrying coils of wire. ool coil

@) Indicate the direction of the magnetic field produced
by the current in the coils a the origin of the coordinate
systemin the above diagram. (Circleone)

+X X +y l y +z z

Use right hand rule. Remember negative charge
on electron.
b) Starting with Newton's second law, derive an equation for the radius of the electron'spathR in

terms of the magnetic fied strengthB, the velocity of the dectrons v, the mass of the eectrons m,
and the charge of the eectrons g.

& F=ma; assume only force is magnetic, and
motion is circular, so F=qv" Bp |F|=qvBsing;
2
q=90° ® sin90° =1; ma=ma, =m. Put
r

2
together and get qB=m'—p r=""p r="V.
r qB qB



PHYSICS 212 CHECK-OUT QUESTIONS

Laboratory 15: Motors and Generators 3. A condudting disk lying flat in the plane of this page cen rotate about its axis A uniform
megnetic field points into the plane d the page. A battery connected to the disk by wires
1. A wire hooked up to a battery isplaced into amagnetic field as shown in the figures below. 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.
B B a) Isthecurrent 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.
— } ;
Edge of disk to center. Use RHR with current
pointing from edge to center and field pointing
into page and get clockwise force.
+
+ b) What are two changes you could make that would causethe disk to rotate counter-
- - clockwise?
Reverse direction of current OR reverse drection
Figure A FigureB

of magnetic field.

a) For Figure A, which of the following is correct for the direction of the magnetic force conducting

exerted an the wire in magnefic field? Cirdeone. 4. A conducting disk and acylindrical bar magnet havether axes digned 0
s 3 asshowninthefigure. For each of thefollowingcases, wha  is

Up Left ! Into Page‘ No Force true about the potentia difference generated inthe  conducting disk? - -B5---
Down Right Out of Page Can'’t be determined

g 9 a) The conducting disk is rotated about its axis while the magnet is megnet

held fixed:
b) For Figure B, which of the following is correct for the direction of the magnetic force X
A e

exerted on the wirein magnefic field? Cirde one. ] Potential difference generated in disk " Nopotential differencegenerated in disk

Up Left Into Page M] Not enough infor mation totell

Down Right Out of Page Can'’t be determined
b) The magnet is rotated about its axis while the conducting disk is held fixed:

Potential differencegenerated in disk Nopotential differencegeneratedin disk]

2. In preparing the coil for the smple motor, you were careful to sand only half the axles Y our friend
accidentally sanded the axles dl the way around and got some different resultsthan you when the Not enoughinformationtotell
circuit was connected. What kinds of motion might you expect to seewith your friend’s coil?

i . . . ¢) Both the conducting disk and the magnet are rotated about their mutual axis at the same
Oscillatory motion, coil moving back and forth rate

about some eqUiIibrium- Maybe “stuck™ in I Potential difference generated in disk] No potential differencegeneratedin disk
preferred orientation.

Not enough infor mation totell



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 16: I nterference of Light

1. Your lab partner yanks ahair out of your head and shines alaser acrossit. Y ou notice that it
makesalineof bright and dark spotson adistant background screen, and thewidth of the
bright spotsis5 mm. After the bleeding stops, you decideto return thefavor, yank ahair
out of your partner’ s head, and repeat the experiment exactly. Y ou notice, however, that the
width of the bright spotsisonly 2.5 mmwhen using your lab partner’ s hair.

a) Who hasthicker hair, you or your lab partner?

Thicker obstruction is like widest single slit, so
narrowest pattern. Lab partner’s hair has
narrower pattern, so lab partner has thicker
hair.

b) How many timesthicker isthethicker strand of hair? Circlethe best answer:
(i) 20 (ii)2.5 (iii)4.0 (iv)8.0

Width of central bright spot is inversely
proportional to width of slit, so inversely
proportional to thickness of hair. Since width of
spot decreases by 2x, then thickness of hair
increased by 2x

2. Thefigure below showsthe pattern on ascreen whenlaser light isilluminates asingle slit
withwidth 0.02mm. In the space below, draw the pattern that you would expect if light
illuminates adoublesdlit arrangement, where each slit has awidth of 0.01 mm and the spacing
between the centers of the the dlitsis 0.100 mm.

Pattern with single slit with width 0.02 mm

DECREASE slit width by 2x, so patterns get
WIDER by 2x.

ADD slit, so get interference pattern of bright
“stripes” within central maximum.

3. Youilluminateseveral different slideswith laser light and noted the resulting intensity
patterns produced on adistant screen. For each of thefollowing slides, identify thebest
corresponding intensity pattern fromthe list of patternsA throughF given below. Alsobe
sureto circle the appropriate orientation of the pattern

— Pattern
Choice Orientation
a) doubleslit ﬂ BBCDEF Jhorizontall vertical
-
—
b) asingle hair ABCDEF Jhorizontall vertical
)
e
¢) a5-slit arangement HH”HH ABCDET] vertical
-/
—_—
d) asingledlit —— ABCDEF horizontal
-

Pattern Choices (Note: grey indicatesa bright spot)
A



PHY SICS 212 CHECK -OUT QUESTIONS
Laboratory 17: Refraction of Light

1. Thisquestion involves propagation of light across an interface.

a) Cirdeal of thefollowing diagrams which correctly illustrate the gpproximate path
light could takein traveling between two points on the opposite (or same) side of
anar-water interface:

A. "B | [c ) f o]

e\ _ *

water / / }

b) Use Snell'sLaw to calculate the correct angle of the refracted ray for
light traveling through air which isincident onto water as shown below.
Use these values of the indices of refraction: ny, = 1.00; Nuae = 1.33.

For full credit, show your work indludinga sketch indicating the refracted ray and
theangle of refraction.

0
Angle of refracted ray = 288

Snell’s Law: n; sing; =n, sing,; measure all
angles with respect to normal to interface. So
nysing, =nysing, P ngsing, =ny, singy,

singy, :%sinqa1 = %sinmO
w .

161 oll_ 0
=sin ~x——sin40" ;7 =28.8
A €1.33 B

3. Consider the glass prism shown in the diagram below as viewed from above asit sitson a
laboratory table. The refractive index of glassis 1.50 and the refractive index of the
surrounding air is 1.00.

5 Hantray2 Qe = Oreflect
N R = 0

\\ Ay, reflect =30
X PN

o Q2 reflect =60

. o1 Ny
Orit =Sin” 1 —4r =41.8°
Light ray : n glass

->no refracted ray for ray 2

i 1S Mair )
A1, refract =SIN ~€———SINQy jnc

S @glass

sin 1&-36in300U= 3640
g1 )

oo

2. Thefigureto theright shows a beam of light passing

from air intosome material. Calculate the index of refraction

of the material. Theindex of refraction of air is L. -

o7 ar

3 &{tale'ia

po° \

Snell’s Law: n;sing; =n,singy; measure all
angles with respect to normal to interface. So
Ny singy =N, sing,
_sinqg - _ sin61°
== 177
sind;, sin20°

(1) =2.56

4. Consder light traveling from water into glass, as shown below. The refractive index of
water is 1.34.

a) Cdculate the refractive index of the glass to two
decimal places. water

b) Under which of the following casesistota interna 25
reflection possible? Circle the appropriate case. (——

0 Light travelling from water to glass.

j i) Light travelling from glass to water. l \
) . . ! glass &
iii) Light travelling from water to glass and

from glass to water.

a) Snell’s Law: nqsingq; =n, sing,; measure all
angles with respect to normal to interface. So
ny sing; =n, sing,
_sing; _ _sin65°
sing, sin62°

ny (1.34) =(1.03)(1.34) =1.38

b) Can only have total internal reflection when
going from low speeds to high speeds (high
index of refraction to low index of refraction).
Glass has higher index of refraction that water.
Also can see from picture that ray bends more
away from normal in water than in glass.



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 18: Polarization of Light

1. Assumewe haveidedl polarizers; that is, the plarizers transmit 100% of the incident light thet is
correctly polarized. Consider the arrangement of polarizers shown below. If the voltage of the
photodiode detector in situation A is 2,00V, determinethe correct voltage reading for situations B and
C below.

A =200V

c=0375V

Use 1= Io cosz(qz - Q1) with Io =2.00 V.

~lw

B: Iz =lg c0s*(q, - 0;) =27 cos’(30° - 0)=2" = = 1 5/

liolps = |0C052(QZ - Ch)COSZ(CIs' %)
C: = 2008230 - 0)cos2(90° - 30°)= 22 &0 =0.375V
(30°- O)cos’( )2 &y

3. Unpolarized light passes through a tank filled OVERHEAD VIEW
with a water/creamer mixture, and is unpolarized
observed by two students. Student A, who incident light

is looking at the tank along the direction of

the incident light, observes light coming <: C:
directly towards him. Student B, who is
looking a the tank from the side (with
respect to the incident light,) observes light

coming directly towards her.

student A

student B

& Student A looks at the light coming towards him through a

polarizing filter. What orientation of thetransmission axisof
. . N - points out of page

the polarizer would result in the most noticesble dimming of @

thislight? (Cirdeone)

incident light

Student A'sView

< > nonofcesble
\ / dmming I

unpolarized

polarizing filter. Whet orientation of the transmission axisof incident light

the polarizer would resuit in the most noticesbledimming of this @ <:
light? (Cirde one)

2. Threeided polaizers are shown in the diagrams below. The transmission axisof polar izer A isat
an angle of @ with respect to the vertical; polarizer B a an angle of 90° withrespect tothevertical;
and polarizer C & an angle of 45° with respect to the verticd. They are aranged in the order

vy

a) Theintensity of the light which makesit through polarizer A islo. What istheintensity of any
lightthat it maesit through the last polarizer, polarizer C (in terms of 1) ?

c

liplos = g COSZ(QZ - %)COSZ(QS - Q)
=1yc0s?(90°- 0)cos®(45° - 90°) = 1,(0)(0.5) =0

Now consider polaizersB and C switched to the different order shown below.
&
0 [b—?/ m
VERVAR

A

b) Theintensity of the light which makesit through polarizer A isl,. What isthe intensity of any
light that it makes it through the last polarizer, polarizer B (intermsof 1) ?

liplp3 = |oC°52(QZ - Q1)0052(Q3 -4dz)

da
=1,c0s%(45° - 0)cos?(90° - 45°) = | aelc:aelg:_o
R T 7

4. Consider the glass prism shown in the diagram as viewed from .
above asit sits on a laboratory table. Lightray2
Suppose the electric field vector associated with light ray 1 is

polarized in a direction perpendicular to the page (i.e, be glass
eectric field vector oscillates in and out of the page) and the

dectric fidd vector associated with light ray 2 is polarized in a )

direction parallél to the page and perpendicular to the direction Light ray 1
of light ray 2. Viewing the prism as shown in the figure, which

light ray will appear brighter due to the scattering of light from
themoleculesintheglass? Explain your answer.

Ray 1 [ Ray 2] Both Rays
Equally Bright

Maximum (re-) radiation in direction
perpendicular to charge acceleration. So for ray
2, electric field causes charge to move in plane of
page, up and down, so looking from above, get
most scattered light.



PHY SICS 212 CHECK -OUT QUESTIONS
Laboratory 19: Lenses and Imaging

1. Using the lens equetion, determine if the following ray diagrams are possible. Word
descriptions areincluded for clarity. Circleeither TRUEor FAL SE

a) An object located at twice the focdl length in front of alenswill have a sharply-
fooused imege at thesame ditancebeyond thelens. [ TRUE | FALSE

on ect I image

2f 2f

1.1 _2 _1
2f 2f 2f f’

Use Lens Equation:

—h||—\

1
+—_=
d;

o
&=

Checks out, so TRUE

b) Anobject located at a distance greater than the focal length in front of ale nswill
have a sharply-focused img;ea ad’gamel&thm thefocal length beyond the lens:
TRUE FALSE

—_—

object :0: imege

f f

IMPOSSIBLE to form image closer than focal
length. Focal length is closest distance image will
form; image forms at focal length when object is
very (infinitely) far away.

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

daﬂsss 0 0 You

Looking at a far away object results in the image
from the objective forming at the focal length of
the objective lens. For collimation, want the
image from the objective to be at the focal length
of the eyepiece. So when looking at very distant
(“infinitely far”) objects, want the eyepiece and
objective to be separated by SUM of focal
lengths: 20 cm + 70 cm =90 cm.

For magnification, want eyepiece to have the
smaller focal length, so eyepiece, which is closest
to you, should be the 20 cm focal length lens.
Your friend isusing asmall telescope to watch a football practice from his fraternity room. A smal bird

landsin the apple tree next to hiswindow. Hetries to identify the bird, but it appears blurry. How must
headjust his telescope to see the bird dlearly?

A. Move entire telescope closer to the bird.
B. Decreasethe ation of the eyepiece and objective lenses,
I C. Increase the separation of the eyepiece and objectivelens&?]

E. Smear peanut butter on the objective lens.

Moving object closer to objective increases image
distance, so want to increase the distance
between eyepiece and objective.

Eyepiecelens

2. Thefigure below shows a crude telescope similar to the one you made inlab. Thefocd length of
each lensisindicted in the diagram.

eyepiece objective

object
E d _— Pdan Py

(Not necessarily to scale.)

f=7om f=5cm

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

Use Lens Equation: %:d—o+d—ip _.:? I
Loll.8 LSy B g0,

d 5 30 30 30 30

b) What should be the distanced for best focussing of the object (i.e., the rays come out of the
eyepiece goproximately parallel or collimated)?
For collimation, want Image from Objective to be
at Focal Length of Eyepiece. Since image forms 6
cm from objective, we want the eyepiece to be
6 cm + 7 cm = 13 cm away from the objective.

Note this isn’t the best arrangement for a
telescope; you’d want the smaller focal length to
be your eyepiece for max. magnification.

4. Given the telescope configuration given below.

Objective lens

— f

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

- [ ]

See question 3; 3cm+9cm=12cm
Consider just the objective lens from above.

30m ‘

imege

f=9cm

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

r Incre@[ Decrease Say thesame

Use Lens Equation: i=i+l i—l' i
f do d dy f dg

1 _dy-f d, f (30)(9) .

—= bd=—8 ="7"7-17286m,

di dof ' dp- f 30-9

d; :L:M:QO m - Increase.

d,-f 10-9



PHYSICS212 CHECK-OUT QUESTIONS
Laboratory 20: Wave-Particle Duality

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

a light can be thought of as awave?
Detected pattern of maxima and minima in photon count,
just like classical wave intensity to pattern.

b) light can be thought of asabunch of particles?

Counted individual photons. Saw negative spikes on
oscilloscope from photons striking PMT. PMT works by
photoelectric effect, which uses photon interpretation.

2. Inthewave-particle dudity experiment, you investigated the intensity pattern produced by photons
passing through two dits and detected by a PMT detector asin the figure below.

Micrometer movement

Green Entrance slit Detector \o= and scale
\fllter Double slit apertyre |E|
/ \I Direction of
| motion of PMT
I— Light-tight box

N \
Lamp Slit cover PMT detector

For each of the following statements, circleif they aretrue (T) or false (F).

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

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

C) Thelight seemsto behave like particles a the dits and like waves T E
at the detector.
d) Theobserved interference pattern supports the argument thet light T E

behaveslike aparticle.

. To test wave- particle duality of photons, light isfirst sent through adouble-dit apparatus with the

right slit closed. Thefdlowing intensty plot results

detector on

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

intensity would look like if light were made up of classical particles, and then what the intensity
wouldlook likeif light behaved as aclassical wave.

classical particles wave
I
detector position QETeCTOr POSIon |

) Indicate the plot that best matches what you observed.

WAVE



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 21: Counting Statistics

1. Chris measured the number of gammarays emitted in one second from a radioactive cobalt source
and found that the average caunt rate was 1092 counts/sec. Cobdlt has avery long hdlf life. Shawnis
about to repest this same experiment. Predict the count rate that Shawn should measure and place your
answer in the boxes below.

countraIe:|1092| i| 33 |counts/sec

Long half life - so radioactive decays here are
random, independent events occurring in a fixed
time interval - Poisson distribution, so standard
deviation = +/a, where a is the average number of
counts in the counting interval; here
a=1092counts/sec > /1092 » 33

2. A detector measures gammarays produced each second from aradioactive sample which has avery long
half-life, i.e,, 30 years. With 100 measurements, the average count rate per second is found to be 243.

Whét is the expected vaue (with uncertainty) for the 101 measurement?

Again, use Poisson distribution:

a=253
b atx.fab 253+ 16count/sec.
+./a » 15.6

3. Inthe gedlogicaly active region known as"Shaker Valey," sdsmologists have been carefully
monitoring the frequency of earthquake tremors for the past sixty-two years, and recorded an
average of eeven tremors each year. In 1997, the region experienced nine tremors, whilein 1998,
seismologists atotal of eight was recorded. 1n 1999, fourteen tremors were monitored. It was aso
the frst year in which a multi nationa oil company begen drilling in the area. Can you legitimately
conclude that the increased seiamic activity in 1999 was due to the ail drilling? Explain your
reasoning.

Poisson distribution: a++/a b 11+3 tremors/year.

In 1999, measured 14 tremors/year. But 11+3 = 14,

so this is within one standard deviation of the

average; can’t conclude that there was unexpected

amounts of seismic activity in 1999.

4. An agtronomer 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 atelescope and
measures the PMT counts a a sampling frequency of one measurement every second. She observes
the gdlaxy 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 congtitutesa - significant
brightening of the galaxy above its average brightness Consider the counts collected by the

photomultiplier tube to be random events <Poisson distribution.

a) What isthe expected uncertainty in the average count rate?

Ja=+/1012 » 32 counts/second:;

s _ Aa _
std. dev. of mean = W—m—m»l count/sec

b) Can sheclaim adetection of significant brightnessincrease? Give the reason for your answer in
asingle sentence.

a++/a=1012+32 counts/second >

1012 +32 = 1044 counts/second. So 1024 is within

one standard deviation of average number of

counts; she can’t claim significant brightness

increase.

5. Two different lab groups measure the number of gamma- rays detected from the same long-lived
radioactive source asin the "Counting Statistics' lab. Each group messures the total number of

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

Are the two measurements statistically congistent with one another? Explain.

4865+ +/4865count/second = 4865+ 70cts/sec.

4865- 70 = 4795, so 4797 count/sec within one
standard deviation of 4865 count/sec. The two
measurements are statistically consistent.



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 22: Radioactivity

1. Youare monitoring aradioactive 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 secondwhen standing a
distance 5 m from the materiad. 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 isthe half- life of the radioactive materid ? Express your answer in years.

/n2
- —t
R(t)=Rye B =Rye T ; measure time in years

and rate in particles/second. Take ratio:

/n2
-—38 8/n2
R(8 T_25710° -
(8) _ Roe — =25 107D e T =1 Take
R(0) ey 20710 8
Roe T
natural log of both sides:
(82 B O- g =-m2d=-3map T =22
T &8¢ 3/n2
T == years

2. You are given aradioactive sanple which decaysto the ground state viathe 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 al of your data

time (sec) detection rate  (counts/sec)

0 282 t=0> = 2392

10 1374

g Zgg t=T-> 2392/2=1196
© 260 t=2T> 1196/2=598
® % t=3T>  598/2=299

t=4T>  299/2=150

Thehdlf-life of thissubstanceis_ 12.5 S

3. Therate of gamma-ray emission from aradioactive source is messured 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(ser) | CountingRate Start time at t = 0 with count

AT — CN A N\ T — 19 A

2 . rate 16,000. Then att =12 sec,
count rate = 4,000.
t=0-> 16,000
t=T-> 8,000

t=2T = 4,000 2T =12 sec; T =6 sec.

4. A radioactive samplein the lab was measured 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 635 counts/sec

24 minutes = 2T, so count rate drops by
1,1 1 b 10,000:2,500

2 2 4 4

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

1250 counts/sec 1705 counts/sec 1768 counts/sec '.875 counts/sec 2000 counts/sec

LA 2y
Rt)=Roe T =10,000e 12 =1768

5. Thefollowing datawas taken from aradioactive sample whose half-life isknown to be quite long.
Thegamma: ray count rate has aready 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.

T = 6 years; same method as #3 above.



PHYSICS 212 CHECK-OUT QUESTIONS

Laboratory 23: Emission Spectra

1. In the emission spectrum lab, you observed ared, zfi[[ﬂ]]]]]]
green and violet emission line from Hydrogen. Match up B
the observed line with the appropriate atomic transition. n = 3 [
(Seefigure to the right for the energy levels of Hydrogen.)
n = 2 [
n=1 [
a) Redline (circle one)

5t02 4102 2t05 2t04 2t03

b) Greenline (circleone)

5t02 3t02 2105 2t04 2103

c) Violetline (circle one)

4102 3t02 2t05 2t04 2t03

d) Briefly explain why you chose the answers that you did.

Emission, so must have transition from high
energy level to low energy level. Red line is
longest wavelength, smallest energy, so “smallest”
transition. Violet is shortest wavelength, largest
energy, so “largest” transition.

3. In the emission spectrum lab, we observed ared -_— Eﬁ

4

(656.3 nm), green (486.1 nm), and violet (434.0 nm) line l E
from the spectrum of hydrogen. £E;

On the energy diagram at right, indicate the
corresponding transition in the blank boxes
provided. Usethe notation R,G,V for red,
green, and violet respectively.

See question 1)

N

The wavelengths of the photons emitted by

hydrogen can be determined experimentally using a
spectrometer. The energy level diagram at right shows
some of the transitions in hydrogen which give rise to
photons.

Determine the wavel ength of the photon emitted by

"]

C

the hydrogen atom when the transition corresponding to
letter B occurs. n=l

Transition Bisfromn=4ton=2. Use

E, =

E2:—

136
nZ

13.6 _

eVtoget Ey =-—-=-0.85eVand
4

13.6

52 =-3.4eV. So change in energy is

AE=E; -E; =E, -E, =-3.4—-(-0.85) = -2.55eV;
atom loses energy, which goes into a photon, so

hc
Ephoton = N = ‘AE‘ =>A=

he _
e

(1240 eV nm)/(2.55 eV) = 486 nm.

4.

In the experiment “Emission Spectra and Atomic Transitions” a spectrometer was used to
determine the wavel engths for three spectral linesin hydrogen (red, green, and violet). Data
for this experiment is provided in the table below. The grating used in the experiment had a
spacing d = 1.65 x10°m. Complete the table below by filling in the missing information.
For the uncertainty cal culation assume no uncertainty in the grating spacing (i.e. Ad = 0) and
that the uncertainty in the measured angle is A8 = + 0.05°.

color Diffraction angle Wavelength A (nm) | Uncertainty AN (nm)
Oaverage (°)
153 435 +1
green 17.2 4—8 8
234 6 5 5

Use: mA =dsin©, with m =1 for first order

diffraction as measured in lab.

> A=dsinB=1.65x10"%sin®, in meters (since
grating spacing given in m). So calculate
wavelengths using this relation.

Uncertainty:
AN =\ (06 +A8)-A(B) > “worst” value for
wavelength minus “best” value for wavelength.

AN =dsin(B+AB8)—dsin 6
=1.65x107®|sin(15.3° +0.05°) - sin 15.3°|
=14x107"m.



PHYSICS 212 CHECK-OUT QUESTIONS
Laboratory 24: Numerical Determination of Energy Levels

1. In the lab “Numerical Determination of Energy Levels,” you determined the wavefunction as
a function of distance for specific values of energy using the Schriddinger equation and
stepping equations. The figures below are examples of the wavefunction as a function of
distance generated from these equations.

W L4

B A .C

For each of the figures, write the letter of any appropriate statement(s) in the box
below each figure.

A The energy chosen for this solution of the Schrisdinger equation produces
a wavefunction which is not acceptable.

B This wavefunction corresponds to the first excited state,

4o 2
This wavefunction is not allowed because it cannot satisfy the condition [[y| dx=1.

D This wavefunction corresponds to the lowest allowed energy.

2. Consider the simple harmonic oscillator potential U = x*, A numerical integration of
Schriddinger’s equation with two indicated values of the energy E gives the following graphs
of two different wave functions:

\/ Count nodes; v Vv

: Remember symmetry __, !

Of the following statements, circle the one that is TRUE.

There are no allowed energy There is exactly 1 allowed energy ~ There are exactly 2

levelsin the range 1 SE<2. level in the range 1 <E< 2. allowed energy levels
intherange 1 <E<2.

There are more than 2 allowed It is impossible to tell how many

energy levels in the range allowed energy levels there are in the range

1<Es<2. 1 <E £2 from the given information.

3. Identify which of the following wavefunctions is not a physically acceptable solution to
Schroedinger's equation for a bound state. Briefly state your reason for rejection.

Not alloyved:;
! AN
\/ ormalize
v W
X X
Highest
Enerqgy

->most nodes

Of the physically acceptable wavefunctions, identify the one which has the highest energy.



