Fall 2012
Physics 123 section 2

Final Exam
Colton 2-3669

RED

Please write your CID here

No time limit. No notes, no books. Student calculators OK.

Constants an¢| conversién factors which you may or may not need:
2=9.8nys? R=kyN; =8.314 J/mol-K
G = 6.67 x 10" N-m¥/kg? =567 x 108 W/m>K*
kp=1381 x 102 J/)K c=3x10*m/s
Ny=6.022 x 10% Meteciron=9.11 x 10 kg

Other equations which you may or may not need to know:

Density of water: 1000 kg/m®
1inch=2.54 ¢cm

1m*=1000L

1 atm=1.013 x 10° Pa= 14.7 psi

1eV=1.602x10"J
Tr:9/5 Tc+ 32
Tx=Tc+273.15

P — 2 42 B
B —bt \/Zz —4ac - 1/2/"0) A%y tan HBrewster = n’l/nl
T 24 g mem o 2 2m f=R/2
Aphere = 417 vty mtm, oty mtm, _“(n plL-L
Vophrs = 4/3 77 R=pP; T=1-R 7 Rl "
(+x)=1+nx Vetring = T/ p=miL (R, = pos, R, = neg if convex-convex)
AL= ol AT, AV = VAT; B=3a moom, my—n
Y 2 —dmv? [kyT Yt =T/ ¥ = z;:::z - AFL///i ;Jr;: R
VAGEEY . k T ve ? " (p = pos if object in front of surface, g = pos if
B Veouna = B/ P image in back of surface, R = pos if center of
2k, T curvature in back of surface)
Viost probable —, __’f_. v .= 43m T ¢ =2nAPLIA
T o s\ 293K APL = dsind
~ |SkB E=FEy (e +e¥+ ...
Varg j vf(v)dv= J p— ﬂzlomg(”f); 1=1,10°"; I = 10" W/m? NlE‘I’z(e ¢ )
0
3kpT it 7 2 2 d .
= [ 102 = \/ S PR 2 namow sl 1= Iy cos [“{55“‘9
vivg

Mean free path: | = sin@= 1/Mach#

AxAk =Y Axhp > hl2

\/Eﬂdzn

Ave time between collisions: 7= /v,

1 wide slit: ;= 7 ginc? zasing
0 p)

circular: Ginsesotve = 1.224/D

AQ _KAAT _AAT . pin AAw=Ys; AIAE > /2 grating; Rf Aavel AL = Hslits x m .
U » Bragg: 2dsin6igy = mA (6 from horizontal)
Al L R f(x)=a, +Za cos[ ) Zb (Zﬂnx) 14
P-—-—Q:eO'AT4 0 &= f=r 1:7
, 1 ¢t
€ono = 1 _771_—1— 3 7= Vel Vinin %= Z.[ 0 S Frame? = 7 ¥frame1 = 7ﬂ(0t)fmme1
ct =+yfx +y(ct
S=ky InW a, :EJ‘Lf(x)cos(zﬂ-nx)dx ( )frame2 7ﬂ frame 1 7/( )ﬁamel
N N1 Lo L (x] _[ y iyﬂ](x]
#microstates =| | |=———— a
microstates (k) V=] b"=%.[:f(x)sin(2”nx)dx c) ., \FB v Net)
# dates = 2V 02 _ (2 22. o
macrosiates musical half step: f/f; = 212 B =(pey +(me”y"; E=pe
1/p ,phulun - Ilppholon = 2/ (meleclranc)
Scores: (for grader to fill in). 100 total points.
Problem 1 Problem 7
Problem 2 Problem 8
Problem 3 Problem 9
Problem 4 Problem 10
Problem 5 Extra Credit
Problem 6 Total
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Instructions:

e Record your answers to the multiple choice questions (“Problem 1 on the next page) on the bubble sheet.

e To receive full credit on the worked problems, please show all work and write neatly.

e In general, to maximize your partial credit on worked problems you get wrong it’s good to solve problems algebraically
first, then plug in numbers (with units) to get the final answer. Draw pictures and/or diagrams to help you visualize what
the problems is stating and asking, and so that your understanding of the problem will be clear to the grader.

e Unless otherwise instructed, give all numerical answers for the worked problems in SI units, to 3 or 4 significant digits.
For answers that rely on intermediate results, remember to keep extra digits in the intermediate results, otherwise your
final answer may be off. Be especially careful when subtracting two similar numbers.

e  Unless otherwise specified, treat all systems as being frictionless (e.g. fluids have no viscosity).

(42 pts) Problem 1: Multiple choice conceptual questions, 1.5 pts each. Choose the best answer and fill in the appropriate bubble on
your bubble sheet. You may also want to circle the letter of your top choice on this paper.

1.1

14.

1.5.

1.6.

A boat is on a lake. If an anvil (that sinks) is pushed from the boat into the water, will the overall water level of the lake
rise, fall or stay the same? (compared to when the anvil was in the boat) . - D,~
’ . i 5 ; ko Lhsplace
a. rise \N\/\o/\ . 41,\% (gO’a.’L \WW W,}, @m{ 5\/{?1" 1\/1-.! ”:}-.) V\l*{v?év’L I J
B.) ! " ’ 7 . p L owasder, i1 displacey
¢/ fall er [ e i weghd / o

c. h Vilvms of et egua et . .

c. stay the same i b ' o os less ()w,'ﬁ«// werdas

volvune Jf padts  esus dy welvene e kel fadls,

.. Three cubes of the same size and shape are put in water. They all sink. One is lead, one is steel and one is a dense wood

(ironwood). Pread > Psteet > Pironwood- ON Which cube is the buoyant force the greatest?
lead
steel

wood Q& - 'PF)\/\)% J

same buoyant force

D G, F’Q‘/ "Lli

(8o os

. An extremely precise scale is used to measure an iron weight. It is found that in a room with the air sucked out, the mass of

the weight is precisely 2.000000 kg. If you add the air back into the room, will the scale reading increase, decrease, or stay
the same? v
a. increase o e Lyeet?
®) decrease or S f '
c. stay the same

Uw/,.ol“}j G

You have two jars of gas: helium and neon. Both have the same volume, same pressure, same temperature. Which jar
contains the greatest number of gas molecules? (The mass of a neon molecule is greater than the mass of a helium
molecule.)

a. jar of helium P V o o~ R ' o
b. jarof neon VT e Send, Hhea no s SR
@ same number 3 Pav , "
If one mole of an ideal gas doubles its volume in an isothermal expansion, its pressure is:
a. quadrupled
b. doubled -~ VA P»‘T fornn,
unchanged Yoo ‘LZ}
(3) halved '
e. quartered

The figure is a standard P-V diagram for an ideal gas. In which of the three changes
shown is there the largest pos1f£1ve change.in entropy? body loos s ay

@- A-B PL‘? RN TR ) N
0N Ol P«g;f’lﬂr@. fﬁw /A‘“”’)fq;a‘
c. CoA 1

d. cannot be determined without more information
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1.7. What should the molar heat capacity of all solids be, according to the Dulong-Petit law?

a. R

tc)' ggg G Jeyoss of huedmn, gs pas dna HW perllon
@ 62R |

e. 6R

1.8. A heat engine performs x joules of work in each cycle and has an efficiency of e. For each cycle of operation, how much
heat energy is produced by burning fuel?

. X
@. xle \l;)\ - ®Qu. T %j
c. xe Q- Qwn
d (wx)
e. (I-x)e
f. (Ix)e
1.9. If you double the number of microstates available to a thermodynamic system, but how much does the entropy change?
a. Snew = 2'Sold S = \Q Rrw\:\»/ 2 Mtkrms.h’)“) c. Snew = Sold + 2kB
b. Spew = 2 Sotg S . 5 s e (94\/\ 1\(\] - QMW,) £ Suew = Sola —2ks
€. Spew = Solq In2 LT W_ &’w}@) Snew = Sola + kgln2
d. Snew = Sold / In2 =k QA'\«L& ‘ . Snew = Sold - kBln2
2 e Qa2

1.10. The second law of thermodynamics is a statement of’
a. conservation of energy
b. conservation of linear momentum
c. conservation of angular momentum
d. conservation of mass and/or volume

@ probability

1.11. Ifasingle violin produces a sound level of 60 dB, how loud would you expect two violins to be? (The violins are playing
the same note, but not exactly in phase with each other.)

a. 60dB " e. 80
b. 62 o oeady = <38 £ 90
< 63 el T 1 g 120 dB
d. 70

1.12. A car horn emits a 2000 Hz sound. Will you hear a higher frequency if the car approaches you at 30 mph while you are at
rest,.er, if you approach the car at 30 mph while the car is at rest?

Car approaches you . 3y do Sy
b. You approach car v o — A .20
. 33 B
c. Same frequency shift for both cases A L6907

1.13. A wave packet is constructed by adding together an infinite number of cosine waves, all having amplitude 1:

S (1) = cos(ky(x—v)) + cos(ky (x —v,1)) +... _
kave *3-9
The spatial frequencies present in the summation range from k €5 to 6)and they are spaced infinitely close together. (All
numbers in this problem are given in standard SI units.) Due to dispersion in the medium, waves with different k values

travel at different velocities. For a given«osin ¢ termithe relationship between the velocity and the k-value is given by:
v =142k +2k* . What is the phase velocity onhe wave packet?

y lom s gy e
& 78-86 plest veloeita ROV T e o
g: gg:?gz e |~ L(g%)*z(ﬁ”g))“ i.  More than 126 m/s

< 72.5 ™
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1.14. Same situation. What is the group velocity of the wave packet?

a. Lessthan 160m/s - o I+ e v f. 280-310
b. 160-190 P 24 g) g 310-340
c. 190-220 REREE R h. 340-370
d. 220-250 A i.  More than 370 m/s

. A %k+%kt
250 - 280 . T = - e
Vot A T, v ) PRSI - s
1.15. What is the phase shift in the reflected beam when a ]J -polarized light ray goes from air to glass at close to grazing
incidence (Snell’s law @near 90°). .
: @ 0° (i.e. no phase shift) . =) na 7 host sh 4{’&’
b. 45° o ¥
c. 90°
d. 180°

1.16. What is the phase shift in the reflected beam when an s-polarized light ray goes from air to glass at close to grazing

incidence (Snell’s law &near 90°). e
a. 0°(i.e. no phase shift) j «P@
b. 45° 'FC;( S -
c. 90° K = NS &.a"l\u.

@ 1800 i -_% l%o Q L\(ﬂy &L\-l( v'

1.17. Ata wavelength of 589 nm, a typical diamond has an index of refraction of 2.42. What is the speed of light in the
diamond for that wavelength?

a. Lessthan 1.2 x 10® m/s ol
12-15 VR fz),_, e

c. 15-18 2t e .

d 18-21

e. 2.1-24

f. 24-27

g 27-3.0x10%m/s

1.18. Same situation. If the wavelength increases a bit, the speed of light will most likely:

increase

b. decrease \A ot f“& = ’{:‘w‘j""’/

c. stay the same

1.19. When unpolarized light is shined at two crossed polarizers (axes 90° apart), no light gets through. However, if a third
polarizer is added between the two, some light can get through (we did this as a demo in class). If the first polarizer lets
horizontally polarized light through, the second lets 45° polarized light through, and the third polarizer lets vertically
polarlzed light through (see the picture), how much of'the original light 1nten31ty comes through all three? All polarizers are

“perfect”. ) . ob \ oPP
of 242 4 o
j& unpolarized \@ 1 Ao \@ 157~ - 12.% /o +=

a. 0 -5% of the original intensity f. 25-30%
b. 5-10% g. 30-35%
@ 10 - 15% h. 35-40%
L 15-20% i 40-45%

e. 20-25% j- 45 -50% of the original intensity

1.20. While decorating your Christmas tree you notice that you can see yourself in one of the spherical, reflective ornaments.
What type of image is it most likely to be? r}’\
a. Real, inverted, and enlarged T\%{?if’% A e. Virtual, inverted, and enlarged
B f.  Virtual, inverted, and reduced
< Virtual, upright, and enlarged
@ Virtual, upright, and reduced

b. Real, inverted, and reduced 91\.,
c. Real, upright, and enlarged of; o 4
d. Real, upright, and reduced e l"”‘?/q
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1.21. When you look down at an object under water, will it appear to be closer to you or farther away than actuality?

Closer to you “
b. Farther away N ,
¢. Same as actual distance éﬁ‘“ Ralst S

1.22.  Inslit problems, when can you make the approximation that sin® = y/L? i ( }
a. When the slit size/spacing is much smaller than L Sima Gngi® e
b.  When the slit size/spacing is much larger than L
@ When the part of the diffraction pattern you are interested in is much smaller than L,
d.  When the part of the diffraction pattern you are interested in is much larger than L

1.23.  Which of the following is the best resolution of the twin paradox, as discussed in class? Speedo = the twin that goes on vg(
the rocket; Goslo is the twin that stays home. Speedo goes on a trip to a distant star, then returns to Earth.
a.  Speedo will be older than Goslo, because he has a larger proper time during the trip.
Speedo will be younger than Goslo, because he accelerates during part of his trip.
¢. The two twins end up the same age, because each ages the slowest during half the total trip.

1.24.  Which of the following is the best resolution of the barn paradox, as discussed in class and analyzed for homework?
(Lee.is the one running with the ladder; Cathy is the one at rest relative to the barn.)
Cathy sees the ladder fit entirely within the barn, but Lee does not.
b. Lee sees the ladder fit entirely within the barn, but Cathy does not.
c. BEach of them sees the ladder fit entirely within the barn.

1.25. A spaceship is heading toward an enemy space station at 0.5¢ and launches a missile at it that the spaceship crew sees
leaving at 0.8c. If the length of the missile is measured by various observers, who would measure the length to be the
shortest?.- + (o Ji., o vwessila

a. —the ship’s crew b \0‘/(}9'\ Vot o
<D the station’s crew
c. an ant living on the missile

1.26. Dr. Colton is throwing a ball forward while riding on a fast train past the class (stationary, on the ground). Suppose he
throws the ball at 0.5 ¢, and the train is moving at 0.01 ¢ in the same direction. Which of the following will be closest to the

speed the class observes the ball to be thrown at? relehoashe .

a. 0.003¢ nelb-yesy 0.51¢
b. 020¢ Cloge b rv e 0.80¢
c. 049¢ odga T £ 0.997c

1.27.  What is the maximum momentum that a particle with mass m and velocity v can have?
a. my v e. 2mc
b. mc WA f. 2mev
c. mcy Y @ There is no maximum
d 2mv 'KGM bs qf‘ofx"rw‘\‘] (M;x

1.28.  What is the maximum total energy (kinetic + rest) that a particle with mass m and velocity v can have?
a. hm’ d. mc
b, %mv’ + mc’ ¥ e bt e. 32md
c. Yamd Cf) There is no maximum

\

(ottnt
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293l 93

¥
(9 pts) Problem 2. A heat pump pumps heat from outside your house (10’43) to inside your house (20°C). It pumps heat into your
house at a rate of 2600 J per cycle.

(a) What is the theoretical limit for the heat pump's coefficient of performance?

LoP = G Gl

T e
N
CC)\P mesl - T B 10
Tt

A AT

N ©n - 1f.i?.¢ -~ \zd\z,a

co¥ 3.8

(c) How much heat per cycle is removed from the great outdoors?

(QL - Q‘)\A - \/\)
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(8 pts) Problem 3. In the demo I did where a piece of cotton was ignited by compressing air in a piston, I estimate that I compressed
the piston to about 0.15 of the original volume before the cotton caught fire. The air started at room temperature, call it 294 K.
Assuming this was an adiabatic process, (a) determine the temperature of the air when the cotton ignited, and (b) draw a picture of
the process on a P-V diagram. (Hint: treat air as a diatomic gas.)

e 1 -
MMN,%} N z A

Phys 123 Final Exam —pg 7



I

C.
(13 pts). 0/

blem 4. (problem credit: Dr. Durfee) The high B string on a guitar is tuned such that its fundamental frequency{
¢ 246.9 Hz.-The string has a diameter of 0.82 mm. This string is strung onto a classical guitar with a “scale length” £64.8 /That’s

af 64.8 cm
the length between the forced nodes at the ends of the string, According to the manufacturer, the string needs to be at a tension of
51.6 N to play in tune.

(a) What is the wavelength A, wavenumber k, and angular frequency o, of the fundamental mode of the string (1** harmonic)?

Lo b gpnde, ( "

\L: l""//\ - 2,

R

2 (eu.t) > /Z?,é‘@ . 02,

s

(b) What is the speed at which waves travel on the string?

Ve U/fg o g’F’A
6:¢.9) (1,22¢/

(c) What is the linear mass density p, of the string?

- "T’/ o :(\ g ’T‘/gm_
AT e Y

W

¥

‘;
—
O
o
<~
[
c
)
Lj\—
Ny
b

(d) If you install the string on a child’s guitar with a scale length of only 45.7 cm, what tension will it need in order to play in tune?
(The linear mass density remains unchanged.)

- /\(,sk)w
jF\ o2 s Ry

AT b
Vool —“(‘9‘4“&) (/zf'&;’x)
A A

easeaisams R e

X, .
T . T
%( - »v“
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(8 pts) Problem 5.

(a) A transverse wave undergoes a transition from rope 1 to rope 2. The wave travels half as fast on rope 2 as on rope 1. How do the
reflected and transmitted amplitudes compare to the incident amplitude?

Vo~ = I/'L,
~ Ny Ve - 2
<d(\%f,bf 2

e (\Bo” p o akycf"
m——— :l”:“l - %/1 GWY]' rE,“x"‘ws Fo /3
Nt »\:\/\ p .
2 br(s‘“\«/\)
X \V"\‘M{}? ) T
T . . 3 . o
PR 2 {., R .,-—\-~ = Z’" {_No ghat’ 5\’“1{4!
,L/ ol i - 0 a \ . Z)/L B
. v, vy 2

2
@Mwl. r&w«g‘ b /3

“ ey
D’/H'.'\ﬂ')
J

(b) A light wave strikes a boundary between air and glass (z = 1.5) at normal incidence. How do the reflected and transmitted
powers compare to the incident power?

\(\‘ AR n \;"3\ =~ H/'é‘ - e, 2
(TN (S 29
5 N
R N e G

e e LD R
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(12 pts) Problem 6. Give short answers/explanations to the following questions:

(a) What general kind of wave would result for each of these situations?

(1) A wave is created by adding together a large number of sine waves at the same frequency, @, but with the sine waves
all having possibly different amplitudes and phases.

GQ:%’ & ’5(’.'\62_ VR el Wy | VI (RPN U ks uw\(h%é& & @115»%
—Z =

(2) A wave is created by adding together two traveling waves at the same frequency, wp, but with the waves passing
through each other traveling in opposite directions.

Got o Shadid et b e fesgumcy w0,

N

(3) A wave is created by adding together an infinite number of sine waves at integer multiples of the same frequency, @y,
with the sine waves all having the same phase but possibly different amplitudes.
Y

o /Fau/\e_" 5,@./“& S

F\mSa,w\Mh,l 5 Wao .

- - - Nl
Gk o nonSiaviosael Shaf  past M pmn& /;)v

(b) A near sighted person is wearing glasses to improve their vision while reading a book. These glasses are essentially like
magnifying glasses held close to their eyes. Qualitatively, what would "
to what, and whether they are positive or negative.)

p" be? What would "q" be? (Specify the distance from what
hoe o &
(P = o\{b)m,\ge ‘F’“\« ]ﬁd‘ Lo+ alag 2.5

P I AN

0\ g} lax\e —~L 1,\0\:;%!& o & RAL ‘é'-‘l £, bm/‘» '
‘ﬁ(ﬂ‘ 3 Ve ‘;,‘\ e : - ( 5 g /,
Oi = 5Tl LA’ h) S ﬁﬁ;{
I;_

;/\Q:Srj pre

(c) If T try to use a lens to produce an image of a point source of light, the image will unfortunately not be exactly a point. Why is
that, and what will the image look like? Make a rough sketch of what the image will be like.
D Uk —4\) (\, i ,%*’&»G:»LW\ +’V\ oV e (’\ ’h’\ S

)
\»&'\s‘ \3@4 %{_3 o ee;He/vx v,,;l’i/) rul\zf,

!
cirewlevy o g’ T2

a/ 'h’“k

L ke Yy - _
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\
(12 pts) Problem 7. A diffraction grating pﬁé[ainsq
shown in the figure: one with A >817.6 nmdand the 6 her |
appear on a screen that is set up 0755 m away from the gra

(first order spots)

1200 lines/mm! Yoy@

Ay
. t to use the grating to separate two colors of light as
with A @@m How far apart physically will the two first order spots

fing? lmmd . §, 33310 Yon
T — PO ersermere e N
Ok 1 200D

Light with two Grating ‘ | |
wavelengths / ;T /alsa JM@ g /7/1
Screen ' ] ﬂL
~ 55—l
\ N /\
Q 8‘: C)tq (ij-—- )
.4 .
- . 8'2,”(:‘:'«0 1 9 3%
c G g/,’é}g"(bq | )
. 65 (73t
65/ ’ruw §\ T
\ , = 9,780 W
015
1 SEE) = i
@ ©, * 5in ( k. v o g m
o e (0T
N !
w9
Ay =970
. P *\
“\ 0] 2z )
Lo
/,I/ 2"0‘%@
b=
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(9 pts) Problem 8. The planet Zog is at rest with respect to the Earth, 10 light years away in both Zog’s and Earth’s frames of
reference. Henry travels from Earth to Zog at a speed of 0.99 ¢ (relative to both Zog and the Earth) to make his bread delivery and

pick up the famous “Zoggy cakes”.

(a) According to Henry’s twin brother Albert (on Earth), how long does the journey take, and how far does Henry travel?

_& I tb.,lbw"sj
CVE &/Jc ™ /" Ale -

(b) According to Henry himself, how long does the journey take, and how far does he travel?

l L O
ok = 7, 0%
\‘ (- - ‘2?

O 9y
al = 199
C& o Lw\fﬁf’f}% & ')'\; b 7/0?)?

1o« {0y

'L 2 O(l‘;)o rtx}""‘} &3 Y - .09

to-/ +

4y

(9/:/ ojq,m , i

\HH,‘:?{?" R
A4y

Phys 123 Final Exam — pg 12



(15 pts) Problem 9. Suppose Dr. Colton is on a high speed train, traveling at 0.5 ¢. The class is standing still next to the train tracks,
watching him. Dr. Colton has a digital stopwatch that the class can see, which ticks off seconds (in his frame). The stopwatch starts
at 0 precisely when he passes the class. Consider the first few “ticks” on the stopwatch. When would the class see each new digit
appear on the stopwatch display? By “see”, I specifically mean: when would the light from the appearing digits 1, 2, and 3, reach the
class (in their frame)? Draw fairly accurate space-time diagrams for both Dr. Colton’s and the class’s frames of reference. On each
diagram, label the world lines for Dr. Colton and the class, the “light leaves Dr. Colton” and “light arrives at students” events for
each of the digits 1, 2, and 3 (labeled as 11, 21, 31, and 1a, 2a, 3a), along with the world lines for the three light waves themselves.
Hint: I found it easier to draw the diagrams first, because with their assistance I was able to-visualize how to solve the problem

numerically. (ot
(/x“,sb& / N \
e \
\ AY
\ qm\ N .’)9. ;‘(‘Déz?) s | N
\ _ ) \
\\ \ o = { 0y i)
dinsen) | \
......... e
";‘D ¢ (,Mj ‘€fﬁ R,

Qlon @’waxyLﬂ’W\ 10,29, ~9 3%
@ Then yge YWa® iyl

| e
) (g;.g - Yo (e T WIS

Xpe 87798 N ,57735)
T X 1151 'gﬂ}ﬁ,/ )( )’((,!s"é"?

(‘J‘ \9;(,S'17%5 st (“) (/,IS\/’I)

21%32)61%
G [0
cH3Q ,
@ "\ga —')\ﬁ(k.«

(D) Fron 19. 4o

~

73265
L 5461l

g
S
19

. (! ‘)
v ,.S“”}& —) 6.7)‘%‘;,

0
§n 35 o Y wa\
g ond (,e«H" Sots (l-‘;’i )

{e E&' 5 e —«---—-J} (5 , '\q 6L

led”
loo =D UY

14
a ™ It

: A _‘
D  freaa L PR x

% ?/m 3 4o ,50, )

A,
R —
R

A L0 38kt s s S4TS

e
%WW

(lass  See ks
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« = 1,167
(l?j@lblem 10. Miraculously, you manage to stick two balls of clay together in a high speed collision: a 1 kg mass traveling at
0.5.c collides with and sticks to a 1 kg stationary mass. (All speeds are relative to your laboratory.) Due to the lost kinetic energy
being turned into additional mass,” the final combined mass is actually 2.0759 kg rather than 2 kg.
(a) With what speed does the combined mgss move after the collision? @ > @ ? 2815%) =)
2 QJ ot = 2 Ponr
¥ vy - Kmv‘/(r s YoV
G,(gq’\)b )(g) O = )’(‘. 7.0759
p=,2781%

L. s

(pr

P X §i-pv
¢ ,m"u“_("’(> )
{’)l(lJ( \').'1'13)) T

%’V

Vr.?}
(‘7‘: ";)L:«i-:;' ~ 1,2679S

Vi+, 8™
(b) Find the total energy before the collision, and the total energy after the collision.
2 b v Yo &
\‘fL X me Fre

I~

L( 15“”) 0 +Q)0 >)

""ML, 1511 \%'c"J
B

Equwalently, you could think of this as meaning that the combined energies “lost” in the collision (the energies of heat, sound, etc.) are equal to
0.0759 kg x ¢* joules.
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(5 pts, no partial credit) Problem 11. Extra credit. Return to problem 10. Consider the situation from the frame of reference that is
moving to the right at the speed you found in part (a). In that reference frame, determine the momentum before and after the
collision, and the energy before and after the collision.
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