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PHYSICS B
SECTION II I A
Time—90 minutes '
7 Questions
Directions: Answer all seven questmns which are weighted according to the points indicated. The suggested
time is about 11 minutes for answering each of questions 1-2 and 5-7, and about 17 minutes for answering each

of questions 3-4. The parts within a question may not have equal weight. Show all your work in this booklet in
the spaces provided after each part, NOT in the lavender insert.

1. (10 points)

A student of mass m stands on a platform scale in an elevator in a tall building. The posmve direction for all
vector quantities is upward.

(a) Draw a free-body diagram showing and labeling all the forces acting on the student, who is represented by
the dot below.

£

:
"

(b) Derive an expression for the reading on the scale in terms of the acceleration a of the elevator, the
mass m of the student, and fundamental constants.
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GO ON TO THE NEXT PAGE.
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An inspector provides the student with the following graph showing the acceleration a of the elevator asa
function of time ¢.
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i. During what time interval(s) is the force exerted by the platform scale on the student 2 maximum

value? \9»'5. 'tO \6 <.

ii. Calculate the magnitude of that maximum force for a 45 kg §>tuder'1~t'i <
mr
= 43(\.1*\@ a ornls®
= Lg(WD)
N 20U

(d) During what ﬁrhe interval(s) is the speed of the elevator constant?
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GO ON TO THE NEXT PAGE.
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PHYSICS B
SECTION II ' B
Time—90 minutes
7 Questions

Directions: Answer all seven questions, which are weighted according to the points indicated. The suggested
time is about 11 minutes for answering each of questions 1-2 and 5-7, and about 17 minutes for answering each
of questions 3-4. The parts within a question may not have equal weight. Show all your work in this booklet in
the spaces provided after each part, NOT in the lavender insert.

1. (10 points)

A student of mass m)stands on a platform scale in an elevator in a talkBuilding. The positive direction for all
vector quantities is upward. -

(a) Draw a free-body diagram showing and labeling all the forces acting on the student, who is represented by

the dot below.

%)' Derive an expression for the reading on the scale in terms of the acceleration@f the elevator, the
mass @f thg student, and ﬁlndarw v

N = /}“/5]/ M = k} - F= ka'w/sz‘

GO ON TO THE NEXT PAGE.
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An inspector provides the student with the following graph showing the acceleration(@ of the elevator as a
function of time 'tlf) o
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i. During what time interval(s) is the force exerted by the platform scale on the student 2 maximum
value? o A

128 ~ 1kS

ii. Calculate the magnitude of that maximum force for a 4§i§g student.
L«;g o -F = L\.§k?$ /\ZM/&;, - ;-(7‘/(/ :
- (d) During what time interval(s) is the speed of the elevator constant?

!
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GO ON TO THE NEXT PAGE.
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PHYSICS B
SECTION I ‘
Time—90 minutes , C
7 Questions

Directions: Answer all seven questions, which are weighted according to the points indicated. The suggested
time is about 11 minutes for answering each of questions 1-2 and 5-7, and about 17 minutes for answering each
of questions 3-4. The parts within a question may not have equal weight. Show all your work in this booklet in
the spaces provided after each part, NOT in the lavender insert.

1. (10 points)

A student of mass m stands on a platform scale in an elevator in a tall building. The positive direction for all
vector quantities is upward. '

(a) Draw a free-body diagram showing and labeling all the forces acting on the student, who is represented by

the dot below. '

8

(b) Derive an expression for the reading on the scale in terms of the acceleration a of the elevator, the
mass m of the student, and fundamental constants.

W

GO ON TO THE NEXT PAGE.
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An inspector provides the student with the following graph showing the acceleration a of the elevator as a
function of time ¢. ’
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i. During what time interval(s) is the force exerted by the platform scale on the student a maximum

value?
i” A - ﬁc% 15

ii. Calculate the magnitude of that maximum force for a 45 kg student. -
W= wmey
w = (HHA6)

> N

(d) During what time interval(s) is the speed of the elevator constant?

£ 9,%,4,7,8, 9 0, 112,415 B, 19,19,420

GO ON TO THE NEXT PAGE.
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2. (10 points) z a

A simple pendulum consists of a bob of mass 0.085 kg attached to a string of length 1.5 m. The pendulum is
raised to point @, which is 0.08 m above its lowest position, and released so that it oscillates with small
amplitude 6 between the points P and Q as shown below.

Note: Figure not drawn to scale.

-

(a) On the figures below, draw free-body diagrams showing and labelmg the forces acting on the bob in each of .
the situations described.

i. When it is at point P D ii. When it is in motion at its Jowest position

F1 (fewwvion).

™

(b) Calculate the speed v of the bob at its lowest position.
Sice ithe  wechomiecad  evergy s wnserved duvivg +he

Process, V‘, = Uﬂma;e- s ton

2

Mgh, 4+ dmy” = L.,

,”V,P"""O =B y(ghpz.‘l%\fb;t

,
18 #v.08= ':Zl'vim

*

. = [.ak2m )
Vkmoe«-, / /AS/ GO ON TO THE NEXT PAGE.
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(c) Calculate the tension in the string when the bob is passing through its lowest position. z g
Sinte |, -{‘W’. d irection o F‘ ' Waa"-&’ owrd Eng;'@n S
Vertical of s lowrst position, the bob s

f%m ex perrencing Ciredor vntion.
<) Thas, Fr —wg = Fo (cemtripeid force)
= _ ~ Vv
"G -y = M=

— . 252 |
{., FT; M(’—[—:? +9.8) = 0,92/ ’VZ

(d) Describe one modification that could be made to double the period of oscillation.

Stae. Peviod (1) Gan be exprecfeo‘ | I°)’
Dm«f'é' in Pendulum  mosron,

i onles  to  double the peried.
fro degth (L) oF the  pendulum Should ke
ctonded  To L (quodvmpled) 5o —rw—

Pertod  Cannbe 21 . 491 s z‘_“/ -—LT

GO ON TO THE NEXT PAGE.
7.
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2. (10 points) r A &

A simple pendulum consists of a bob of mass 0.085 kg attached to a string of length 1.5 m. The pendulum is
raised to point Q, which is 0.08 m above its lowest position, and released so that it oscillates with small

amplitude 6 between the points P and Q as shown below.

Note: Figure not drawn to scale.

(a) On the figures below, draw free-body diagrams showing and labeling the forces acting on the bob in each of
the situations described. .

i. When itis at point P ii. When it is in motion at its lowest position

t : TC.*"‘< *‘Wﬁ
Feape”

: gﬁo}\rnuf"\ ' ) .

V
(b) Calculate the speed v of the bob at its lowest position.
. = K 2
P L"i - _f_ wo/\ v
w1 7 T
i 7
SV
x ., 08m= =
18 2

- 1.d5m
V= 35$

GO ON TO THE NEXT PAGE.
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(c) Calculate the tension in the string when the bob is passing through its lowest position.
T N - _{,’ . fa.v\"?a T e
Ens o —

4
m= .p2Sty J e

Tthfs‘aa S 823 N

(d) Describe one modification that could be made to double the period of oscillatiox;. »
° \ 3 -V y

‘ o e dl & e perEmlwrT S

%uﬁjfv‘?/& tte !3"7‘/4 o

GO ON TO THE NEXT PAGE.
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2. (10 points) o<

A simple pendulum consists of a bob of mass 0.085 kg attached to a string of length 1.5 m. The pendulum is
raised to point Q, which is 0.08 m above its lowest position, and released so that it oscillates with small
amplitude 8 between the points P and Q as shown below.

Note: Figure not drawn to scale.

(a) On the figures below, draw free-body diagrams showing and labeling the forces acting on the bob in each of
the situations described.

i. When it is at point P ii. When it is in motion at its lowest position

. wc;\ow

Norraio ol 207
) 0.0%*‘“ a /;/J Oﬁg
m%/,g, 0% ‘J \!'(\OQ

(b) Calculate the speed v of the bob at its lowest position.
E“gm;\e& =kp lost T @qw(\\owm Posn'" -

S oEmyTE
_PV‘:@T =0 fr h=0.

GO ON TO THE NEXT PAGE.
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(c) Calculate the tension in the string when the bob is passing through its lowest position.
A e lowest Pbiv\ﬁ/ tewston = mg-.

renson
| g = 0.08+4.51~ 0.gHE N

"%

(d) Describe one modification that éoul_d be made to double the period of oscillation.

=77 %—’ shrg Wfﬂ\

Twﬁ— oseillation

Time. ot cg(‘/&\o‘&(&:h Cawn bt c(ou&;l«?-& J'g

vnw\{j\;\\uvzi 2 b\* ¢,

Jul ‘ X
2T = 2= :ZﬁZTLi?

3
q comb  be chndnged becowse LIS

W s SYsten .

comst ant

GO ON TO THE NEXT PAGE.
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3. (15 points)

The figure above shows two point charges, each of charge —20, fixed on the y-axisat y =+a and at y =
A third point charge of charge ~Q is placed on the x-axis at x = 2a. Express all algebra1c answers in terms of
0, a, and fundamental constants.

(a) Derive an expression for the magnitude of the net force on the charge —Q due to the other two charges, and
state its direction.

Force exe e \aa one N ’nfet—\'\oa*m
> F= Kq, 4, _ K(-2Q)(-@) (r‘= s @

% (l e \-'La."'\--c\l
= S‘a‘l'
. 2Q'k
Sat _
Since There s SDMGJ"J o\\om:)’]'\.‘ se-axis Al Flg, .,
3 'bﬂ— p ucl %0 p@ borce ewss o\\u\b’“—c x-a_w\s ankJ
verkica) (,omeom»\') are €4
£ ' g 4Q'K . 3QTK o e "j
= Cosx ~ da . 2 o Tud - AF cos = == ‘50_ =5

Sa¥t So.

(b) Derive an expression for the magnitude of the net electric field at the origin due to all three charges, and
state its direction.

E= X4

e

S B K('IQ)W\ = Elechvic etuj o eﬁ‘/uﬁv( odd °Pf’°sk W O\"r‘d'“"‘

—
(< &u

E, = X (-2Q) Frew Mo ach lackric e o\mb 34%‘; = O

E, = K(-@) W - LQ Ao The r.’i—)\‘d’

T ‘g{\d{ __\-% > Ent oot |

GO ON TO THE NEXT PAGE.
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(c) Derive an expression for the electrical potential at the origin due to all three charges.

3A

V= Kaq
'e
V, = x (-2@) |
a > \/od:O =£/.2KQ _g%g; . :‘"(:Q
V., - K(-2Q) T — ,
’ - = —L‘KQ_L(KQ —‘_C_C_'Jl;—QI'(Q
VS" K(_QB T e 2 o~ Zen 2 a
2a

(d) On the axes below, sketch a graph of the force F on the —Q charge caused by the other two charges as it is
moved along the x-axis from a large positive position to a large negative position. Let the force be positive

when it

acts to the right and negative when it acts to the left.

F
/

GO ON TO THE NEXT PAGE.
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3. (15 points)

The figure above shows two point charges, each of charge -2Q, fixed on the y-axisat y =+a and at y =—a.
A third point charge of charge ~Q is placed on the x-axis at x = 2a4. Express all algebraic answers in terms of
0, a, and fundamental constants.

(a) Derive an expression for the magnitude of the net force on the charge —Q due to the other two charges, and
state its direction.

' = e
F ¥ \: K= U{‘\YQO L/M 26,6487

‘iﬁ‘L €28)- . ., T & wess° i
4ne, (Toma ) S \éw—-—f&g—

Fues =

F . = k- 19)- (-6 » 2Q%

Qm‘é%‘éoﬁ?‘" Wg;’”" |
swwee The vedoxg oxe / o, \ Yee G\x(‘it‘\m\ﬁ L“\‘g, oK.
T
A SACC IR TR O & 4KQ" o5 O

59 - | L 5&.

®) Derive an expression for the magnitude of the net electric field at the origin due to all three charges, and
state its direction.

’%&Q - The ('\e;&; Q-KQC. ‘\c ;\Q\és 0‘% g ‘1-»-.30 'ZQ C‘(\QX%QS

?"”T % s oX QQ, O\)k
B A - The \\e electic Lield sF -Q & —> cd(@

el elecdyie Foyce = f . D -
U{’“’ 60 ‘;\Zog

e

GO ON TO THE NEXT PAGE.
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(c) Derive an expression for the electrical potential at the origin due to all three charges. ' - : {_ \
e, , - g : (e i Tate i
= Sicerloxin to fer Drevievs C(UQSJ“M\’ l*hﬁ eRCHC grEaha

,

— Bl ’ * 4
6% +re dtwo (-72Q) droxass will Cancel out

Eleckric Stertiol = &_‘t‘f . D - ke-Q_ ""Eiii\

S 2o 7. 20

(d) On the axes below, sketch a graph of the force F on the —-Q charge caused by the other two charges as it is
moved along the x-axis from a large positive position to a large negative position. Let the force be positive
when it acts to the right and negative when it acts to the left. :

| | K : . | e o
a5 the  —Q drovae 16 reoues T Beng on the 121t
s & tohe ol sidr &Y ¥y —oxnS , the = \S o \‘\OKQ, where
the FoeS Fom Hre donges @l odr.

GO ON TO THE NEXT PAGE.
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3. (15 points)

The figure above shows two point charges, each of charge 20, fixed on the y-axisat y =+a andat y =—a.
A third point charge of charge —Q is placed on the x-axis at x = 2a. Express all algebraic answers in terms of
0, a, and fundamental constants.

(a) Derive an expression for the magnitude of the net force on the charge —Q due to the other two charges, and

¢ state its direction.
’

Q= tara +ho,-g  Frkud%  keaoud

(\')—-
PPN S cY Gele)
b = (Q oL\GQ‘X @-\)(. 2&) LAOR0 }}_}‘:}::,——)
e
2
ch’)— C?.OJ
L= The -{:c(‘ce' wild- be
A ‘—‘;' \ {-,‘-,\ 5 | .
Fo.g \”‘ (a.0%0 NS } to Hhe left) WY
T L t e
& T (200" — fore, e ~CL g,
- Ng , . \@rxu._xw&&\ .
(b) Derive an expression for the magnitude of the net electric field at the origin due to all three charges, and

state its direction.
E-F ZE= Q| L 20 _rpr (-2
1 TS (e

72

S et Twe durechnon uax(\\ be
L o — ‘ ' ‘@.
& Louaasds W&
e Ofﬁe bec oM .
‘S cancel £OF

~ \'3&"\&3
Yee o
" T \Q' %
oMeeX ©

GO ON TO THE NEXT PAGE.
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(c) Derive an expression for the electrical potential at the origin due to all three charges.

\_)E_‘ ll\q,(q”?.

R
C

iUe”@-D"‘OaX@- + (q.or0h)(2e) [a.000%2/)
R e = .

20 - a
£ Ug = @oxi0% (A
2a

(d) On the axes below, sketch a graph of the force F on the —-Q charge caused by the other two charges as it is
moved along the x-axis from a large positive position to a large negative position. Let the force be positive
when it acts to the right and negative when it acts to the left.

GO ON TO THE NEXT PAGE.
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4. (15 points) | : 4 qA

Your teacher gives you two speakers that are in phase and ar¢ emitting the same frequency of sound, ‘which is
between 5000 and 10,000 Hz. She asks you to determine this frequency more precisely. She does not have a
frequency or waveléngth meter in the lab, so she asks you to design an interference experiment to determine the
frequency. The speed of sound is 340 m/s at the temperature of the lab room.

" (a) From the list below, select the additional equipment.yéu will need t6 do your experiment by checking the
line next to each item. - T . ’

\_£Speaker stand __ Meterstick l Ruler _\4Tape measure
. ___ Stopwatch . Sound-level meter -

®) Draw a labeled diagram of the experimental éetuﬁ th;;t you would use. On the diagram, use symbols to
identify what measurements you will need to make.

woll of
Y.exs L ‘ \ Sexeen
‘ g T C ound eneh
Y i meret
& ; ' ";o _
.
| spea el

L~

e

(c) Briefly outline the procedure that you would use to make the needed measurements, including how you
would use each piece of equipment you checked in (a).

The Wwo spakers ar fixed ok a dishne dh on e speakec s&:\xo\‘,“%’
Aislonce.  behoeen fuom 1s meassed usingy ahw. Aa ousecver Yndcdivg

WA o saddowd meker e Wis[her hand of g § Ba el oppesie e
speaters. e didane  Vehseen dwe spmbed Stoed and e woodl w()s
meoguved bt uBiug the. met dge teasuve. e spemakess ose seskched on.
The vk ab-e—lerd on fue wall ab a el exadly fe—ser M\ammm
Joo speakess ‘u  wacked O, Tae Sowd el mekec frold  (egisked ~

wa e,
bud Sund ok O, e weluw 0 ned wove uguadls a\wg\w_ w\ta:; o
same Qlane, url W (esutels 200 Sound and em a maBMuwn

“‘aﬁ%. e digemce Y  pohesn W0 powY ord O w messuced.

GO ON TO THE NEXT PAGE.
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9A

(d) Using equations, show explicitly how you would use your measurements to calculate the frequency of the
sound produced by the speakers.

A e part ¥ unls oleve O, onSudive wedeene owuws. The equalion
e Tl fr mosmwn Tun
Yo,

s hs o\\/

Wealso ktow ‘\Ao-‘\' Q« woures v_f)\ = §. —-,ard vz Zoms'.

" e X‘eq,ueuaa wooud e - %\m ).3 S = __\(___L whee L, doana Y

olY have been meaxl“"‘

(e) If the frequency is decreased, describe how this would affect your measurements.

If tue frequency @ decqeased, WWM
6:999.—\*0\1&) as S and L ave ?\Y«A Y will w\o(easc ’

2ol ' |
.9y s 5= S

> §ee fy

The Sound leud meles oSNk (egates o MARIuen ey
soud ok o S(Qab( \‘ld%hb ng aove O

"\n\u\ﬁ’h}
' '
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4. (15 points) : "’ B

Your teacher-gives” Weakers that are in phase and are emitting the same frequency of sound, which is
between 5000 and 10 000 She asks you to determine this fre frequency more prec1se1y She does not have a
frequenesLQI_Wgyclength meter in the lab, so she asks’you to design an mterference experiment to determine the
frequency The speed of souna is 340 m/s at the temperature gf the Tab room. ™~ B

(a) From the list below, select the additional equipment you will need to do your experiment by checking the
line next to each item.

V__ Speaker stand _yeterstwk ___Ruler - _¥ Tape measure

___ Stopwatch _¥Y_Sound-level meter : ! \/~=-§Q
. \ -

(b) Draw a labeled diagram of the experimental setup that you would use. On the diagram, use symbols to
identify what measurements you will need to make.

S 4

(c) Briefly outline the procedure that you would use to make the needed measurements, including how you
would use each piece of equipment you checked in (a).

Towr, He oo gpoiks oo e oo s o 3 as
echoter S8 o stendh Trem, de him geem e, O d o
From a itk g L e qws%\ e Ywb- go %Cgi)
LWe. 4’“6493“6"% SOJ‘{.Q ﬂfd N\‘H\ '¥‘L ‘/ e\'&l\ ,/ﬁgj‘{"‘ \\g@ QEM&

“\

he ot O, W Jowln more. glow S \»e_laﬂ>rs§ N

\M&C\mﬁ»‘x mwmc\‘&\\ﬁ\k aﬁ‘i&s untl -%\»SW\V" it oe agin
Qe ”Ewéwmkmw &S*m-me@m Wit e M&« ~

Qord L o diso wessved, e o e kwim* cP,Lg(

Yo &d . ma\wekm% m dem im B knaun whe oo
J%L‘t‘*eg\uema\ ‘3
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(d) Using equations, show explicitly how you would use your measurements to calculate the frequency of the
sound produced by the speakers.

) Y.V-v’“""“"“w-\\

a A '?: YoV AN

n® = & e vt S

SR S
2D L toB = %:

S e .
(e) If the frequency is decreas€d, describe how this would affect your measurements.

TThe vohe o 7, which s vamdde . will i Gone
be wse Yo vest-ob e \oles o d)t v, - oe MLQ E}-\ga‘m«c‘

n B equan LoVl D e oo
Yo »«..ei\\uéa. 2, A

TE £ decases, Ham AL mod e
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4. (15 points) . q C

Your teacher gives you two speakers that are in phase and are emitting the same frequency of sound, which is
between 5000 and 10,000 Hz. She asks you to determine this frequency more precisely. She does not have a
frequency or wavelength meter in the lab, so she asks you to design an interference experiment to determine the
frequency. The speed of sound is 340 m/s at the temperature of the lab room.

(a) From the list below, select the additional equipment you will need to do your experiment by checking the
line next to each item.

___ Speaker stand _ Meterstick ___ Ruler iTape measure
___ Stopwatch _J_ Sound-level meter

(b) Draw a labeled diagram of the experimental setup that you would use. On the diagram, use symbols to
identify what measurements you will need to make.

winl)

¢ | M, Os‘mnd_'—\ew\ N\d’%‘/ M ;Mg.wemfi

- O

Spcu‘:u speo.l:( r

(c) Briefly outline the procedure that you would use to make the needed measurements, including how you
would use each piece of equipment you checked in (a).

< USe impa Metduy o ‘”u d(Ssm,ﬂcq -pwm Fins ?2’&“’ s fo eadh
o
cmensuve  didone  frn sp

: rh ' “ .
* ‘g}ia&e SI){.«J\,(;{ - {tdai l\étbd ‘L’! MN 3 \L)\k Fus\ 35'{5«‘ pY

sakers do Soard Ypued paghir

R MW(*
‘{L& Sp w‘;c g, p«twi‘ 40\\‘&0/ e ' e >

> J{\/"\\’\ [P

§ § —
PY Sgumd,ig&.u F"“i‘}'\f/"

:
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(d) Using equations, show explicitly how you would use your measurements to calculate the frequency of the
sound produced by the speakers.

Vosd A = —F = a\'/‘
!
1 ~.§...L- - —
P oo t . 340
N

(e) If the frequency is decreased, describe how this would affect your measurements.
. H
T My have do  mop iy positiens 4 4l

Qpeakbrg
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. (10 points)

A large tank, 25 m in height and open at the top, is completely filled with saltwater (density 1025 kg/m3). A
small drain plug with a cross-sectional area of 4.0 x 107> m? is located 5.0 m from the bottom of the tank.

The plug breaks loose from the tank, and water flows from the drain.
(a) Calculate the force exerted by the water on the plug before the plug breaks free.

P= 0+ mfm
- 14 (a025) (2.8) (20m)

= {.p X105+ 1.604 x 10° P
= B.ooqxtog o

S . (\3'00qx,0$)(qx\0'6)

e

P = 12.0UN

1

(b) Calculate the speed of the water as it leaves the hole in the side of the tank. ] N
: .J— 2 = P‘L + a4y 4 -:ﬁ v 2
ARTITIRETA 947 20

ft= Aot il

X
v - ayp, - 94
T . i AL
+ 7

v T A ?? (25-5)

vy = 18,99 m/g of [ E mfg
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(¢c) Calculate the volume flow rate of the water from the hole. SA
7 - v i
- ;13 = R mm eYs

7= anlod 'ﬁ'é =

}%m 9= volumn
7 = (4x107%) (I3a1)

- k3
= J.92x1074 *“/geg:
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5. (10 points) ;
A large tank, 25 m in height and open at the top, is completely filled with saltwater (density 1025 kg/m®). A
small drain plug with a cross-sectional area of 4.0 x 107> m? is located 5.0 m from the bottom of the tank.

. The plug breaks loose from the tank, and water flows from the drain.
(a) Calculate the force exerted by the water on the plug before the plug breaks free.

P= E——-f» F'..%'P Afjkw 7X18°K | e?-w?s;%s'
;w ,? oo‘?/\f

b) Calculate the speed of the water as it leaves the hole in the side of the tank.

g eI g e

b2 S J k¥ g = (p2c 9(% Exs o) mc:as\x
25\ a‘Swé»mSZZS %xa~~ S x &

2 (200%00) _
\615
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(c) Calculate the volume flow rate of the water from the hole.
\ = M _ 25 - p.o2H3F »
IS

GO ON TO THE NEXT PAGE.
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5. (10 points) .
A large tank, 25 m in height and open at the top, is completely filled with saltwater (density 1025 kg/m3). A
small drain plug with a cross-sectional area of 4.0 x 107 m? is located 5.0 m from the bottom of the tank.
The plug breaks loose from the tank, and water flows from the drain.
() Calculate the force exerted by the water on the plug before the plug breaks free.

o E
iy P A

F= PA = (1025 Jto) 29)
= LoSo00
F= 290 Pep

(195900) S (q\qg'; )= S’.';lo

(b) Calculate the speed of the water as it leaves the hole in the side of the tank.

P+ {’a‘i’ﬁ‘% PV = Pa Poyigen®
AN, =8qV,,

GO ON TO THE NEXT PAGE.
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(¢) Calculate the volume flow rate of the water from the hole. -
LN,
P+ 99 EQN
PV2aeT
PN = KT
GO ON TO THE NEXT PAGE.
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Piston

bR

Note: Figure not drawn to scale.

6. (10 points)

You are given a cylinder of cross-sectional area A containing n moles of an ideal gas. A piston fitting closely in
the cylinder is lightweight and frictionless, and objects of different mass m can be placed on top of it, as shown
in the figure above. In order to determine n, you perform an experiment that consists of adding 1 kg masses one
at a time on top of the piston, compressing the gas, and allowing the gas to return to room temperature T before
measuring the new volume V. The data collected are given in the table below.

mkg) | V(m®) IV (m™) P (Pa)
-0 | 60x10° |17x10* |.ox10°
1 | 45x107% |22x10* ] 32107
2 | 36x107° | 28x10* 65 XIO
3 |30x10° |33x10* 18 KIb®
4 |26x10° |38x10* 2.30 X (0

(a) Write a relationship between total pressure P and volume V in terms of the given quantities and
fundamental constants that will allow you to determine n.

PV= nRT . =L
RT
You also determine that A = 3.0 x 10~ m* and T=300 K.
(b) Calculate the value of P for each value of m and recor.d your values in the data table above.
P= P+ ];' P, afme 547hc,r—h; f?f‘@%ure,-vc IA\OX 10> Pﬂ\)
Tor m=p0, P=h=| ;oxtosépao) |

\x4a@ . = \'gZXlsg (iPa)

2.0x0" s

Lor =\, P=p,+

"po\")’h‘=l) T—;_?° 1 _;):._&3—‘3;_ o (‘kgst (/P'\>

noxip™

Form=y, Popa22E_ | qgxio® (F)

. z.00107Y
=—d— 3 /-Cr\?
e m PPt = = 220x0% ([

—— e ey
‘}oxm"‘»'
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(c) Plot the data on the graph below, labeling the axes with appropriate numbers to indicate the scale.

vy CK lo‘i‘-},,-—%)

-

(d) Using your graph in part (c), calculate the experimental value of n .

Y

Klot 6. 1904( T /

i
o
b4
i -
e s
()
. 4
7
ol ©
b d B4
3 2
T v
LR
~ -
Iy

Py =

\/.
s
=
<
jad
A
O
O
O
i
R
Ql N
a.\,
I.X
<O | —
N
O

PV

RT

—

22 0. DOLS o)

-

A
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Piston

&

Note: Figure not drawn to scale.

6. (10 points)

You are given a cylinder of cross-sectional area A containing n moles of an ideal gas. A piston fitting closely in
the cylinder is lightweight and frictionless, and objects of different mass m can be placed on top of it, as shown
in the figure above. In order to determine n, you perform an experiment that consists of adding 1 kg masses one
at a time on top of the piston, compressing the gas, and allowing the gas to return to room temperature T before
measuring the new volume V. The data collected are given in the table below.

mke) | V(o) YV (m™) P (Pa) ?:\: '
0 |60x10° |17x10* -F—\—

o)
45x%10° | 2.2x10* 29 O00.6b
3.6x107° | 2.8 x10% (5 333.33

30x10°_|33x10 | 48,000
26x10° | 3.8x10* 130, Olp .00

(a) Write a relationship between total pressure P and volume V in terms of the given quantities and
fundamental constants that will allow you to determine 7.

P N =

You also determine that A = 3.0 x 10~ m? and T'= 300 K.

(b) Calculate the value of P for each value of m and record your values in the data table above.

GO ON TO THE NEXT PAGE.
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(c) Piot the data on the graph below, labeling the axes with appropriate numbers to indicate the scale.

=
T
]
A
RN
Saf nhew e Bk ek st s il Sk sl e ke Bl b oot o
PR TR NI DRV JUNNG NN IO JUION S AP RN P DN G R
IS Al S R it R Ry Mt e e i el |
N T YO RN I I RO U G S T R Y O W
R R R R N
T s P S YUY NS TN QU P S M YR S RS S
RN .
A A B P
Lt : : o
.s.....n_ll_l._.IT.....WS_!.._!ﬂI_II_I.._l.qi._.Eﬂ;x \.”Ai =)
O T O RN T . WK JON (U TN S 10O PR NG T T o
I T R e L I R M R R S )
U VRPN AP UGN Sy N T O GUOT Y S S R W SO SO !
Voo b e b 1o g > 5
e o e e B A R A e e T T T e
N L P—
SrrT T TSr I o) 5
Aboed-dopebd Aot b0 T B
Y TSP U DR SN TN U T Y RPN 3. NG N A B g1 .m
T N A A T N A R B!
o e i B ek SR B B e S et S ek it ol o
Vol N T %)
bl i el Rl el e at hal S sl e ity B o o 5
NG DR T U AP U OO AU O Ty HN N S [ W W -
S A A Bk T B A RN ~N @
USROS T DU Y S AN T W W =]
T T T T R R R S B B Wﬂf o
At — b b e b e A e e bR &
[N O N T T N D I R R T O O T =
e mfon o o g o o e o e o = e =
RN NN 5
I 2 i A 2 A 2 It R it i ek bk St whaf e =
O UR WU S IOy PR WU NN (L SN AN SN S IS A N SR (54
I N S T A T R Yt e i Ry S C e
VR O NSO Ul AP ) PV U (WL RO U A PR (UL B o
[ T T R T R T R S S A A < -
i et S SR SIS AP S QY Y S A S S S S
CL g m
R N o
A D T T A R S T e Ut A I e Sl M m
1 1 m -_ u_ —. a— .. —_ __ .—_ ~_ w “ “ h
022 R G g
T2 Rag  §
5
=3
-
b0
\.}/ .m
«mu =
Serrm— 7~~~
>< Z
(

rse

ron

%6‘22

(130,000 .66)

(2.3%10%- 130
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Piston b L

r N

W

€3 = K

Note: Figure not drawn to scale.

6. (10 points)

You are given a cylinder of cross-sectional area A containing » moles of an ideal gas. A piston fitting closely in
the cylinder is lightweight and frictionless, and objects of different mass m can be placed on top of it, as shown
in the figure above. In order to determine n, you perform an experiment that consists of adding 1 kg masses one
at a time on top of the piston, compressing the gas, and allowing the gas to return to room temperature T before
measuring the new volume V. The data collected are given in the table below.

mkg) | V(m’) 1V (m™) P (Pa) o |
0 |60x10° |17x10* 42 »107n ‘;1 =(.OF
1 | 45x10° |22x10 .5  xld'n |
2 |36x10° |28x10* 6.9 »xi07n
3 | 30x10° | 33x10* £.3 %7 n
4 |26x107° |38x10* 9.6 10 A

(a) Write a relationship between total pressure P and volume V in terms of the given quantities and
fundamental constants that will allow you to determine n. 3
PV - WV
P e

;p\/ - ’\/ g T}; {{;ggg;}wé 43 P\
P\T i-r)
(\R ; K‘.ZS‘ Yl i
- — % "‘(;“ Bf 8 3
PV p-ooJEzn
You also determine that A = 3.0 x 10~ m? and 7= 300 K. | \V

(b) Calculate the value of P for each value of m and record your values in the data table above.
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(c) Plot the data on the graph below, labeling the axes with appropriate numbers to indicate the scale.

3

%l lO 'm

R
(d). Using your graph in part (c), calculate the experimental value of n .

L

GO ON TO THE NEXT PAGE.
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7. (10 points)

A monochromatic source emits a 2.5 mW beam of light of wavelength 450 nm.
(a) Calculate the energy of a photon in the beam.

‘-..\.L 39: V$ 2 1o
5 " AT Zse v~ =667 X101

o W7 = are )7 o)
| = &4 4% Xﬂgj /VWW

(b) Calculate the number of photons emitted by the source in 5 minutes.

2 S x| /sj (%5 0. 75 ’\r.ﬁmﬁfs

o8
0\75 T«Qﬁ%ﬁ:@&[. - " _ "
4,47 X|o " '\)7(3\%4(_’W - .7 x| greties 4T

The beam is incident on the surface of a metal in a photoelectric-effect experiment. The stopping potential for

the emitted electron is measured to be 0.86 V. . _
_%"" KE{\ T
(0 56 %Xt(,x L N e A ARV

.%? »CL(’ A Ceng - k\‘m&‘“‘g —E}\é{j"y

(c) Calculate the maximum speed of the emitted electrons.

GO ON TO THE NEXT PAGE.
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(d) Calculate the de Broglie wavelength of the most energetic electrons.
o - ?
e e ’ -‘.? t
B ;?7 [ é& efe /{_V e

—-C 40 x) (&f*’f@ 75

O
V‘olx» Fas

S.OI Ylo“Z’_"_ﬁ_'S: - 1.3 ><\o"i 1

e P A G . .,
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7. (10 points) 76
A monochromatic source emits a 2.5 mW beam of light of wavelength 450 nm. ‘
(a) Calculate the energy of a photon in the beam.

[ W\ <
P
= (.44~ (0-2{)
L!SI\ » ‘____________»\
- -22 I
1 2@ T )
\

(b) Calculate the number of photons emitted by the source in 5 minutes.

&
‘ 2.S x (0 O‘/S S ias : 300s
- e~
- (D "
Q’LD x (0 J/s)< 3©®s> 7.5
<Z.5 X 10 3) @
T R i
= l, 7 X(OEQ Ql’\"‘vm&

The beam is incident on the surface of a metal in a photoelectric-effect experiment. The stopping potential for
the emitted electron is measured to be 0.86 V.

(c) Calculate the maximum speed of the emitted electrons.

. _19
(o1 exo ™) = 3767007 S
L
KE= L3T6w(0 T
2K€
V= ey
T T a0
- ’B : -Sll a

1.\ ¥co
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(d) Calculate the de Broglie wavelength of the most energetic electrons.

N~
2= %
N | |
T (5.5« ros)(‘f, ™ “')
- 7 BN
)
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7. (10points) | ‘7C

A monochromatic source emits a 2.5 mW beam of light of wavelength 450 nm.

(a) Calculate the energy of a photon in the beam.
E = hf v

=6,63 xl()'g‘{é,gwo"* f = % ’j\’ |

=4 42x077

I
N
>

g
" EX9 - b, 6F X'
450 X10 |

(b) Calculate the number of photons emitted by the source in 5 minutes.

0.3 0 T , 3*7
LS — = . Q:fg Yo
12V boxiT DP ° ‘

The beam is incident on the surface of a metal in a photoelectric-effect experiment. The stopping potential for
the emitted electron is measured to be 0.86 V.

(c) Calculate the maximum speed of the emitted electrons.

Kmax = L -/
Tmvt = ygax 7T - 4

v :J 2 (4.42x10"-9) /e
n
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(d) Calculate the de Broglie wavelength of the most energetic electrons.

/K:‘b'

24 7.0 ,
= 6' 6 =2 X0 - “For '/'6-{00{ f’({ / Us€ The
m V ’jlaeed o previous isn

L.62 xio 2

2T )
(@11 ¥10 31){/ 2.(4.42X10° 5))

moeTerd .

i

m
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