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7 Questions

PHYSICS B
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GO ON TO THE NEXT PAGE.
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Directions: Answer all seven questions, which are weighted according to the points indicated. The suggested

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 green insert.
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Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).
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i. Calculate the average acceleration for the time period t=8 stot=10s.

1 Oo=1.5

10-%

-1.§
2

o
—

".75‘“/5:3

ii. On the box below that represents the elevator, draw a veetor to represent the direction of this average

acceleration.

1

(c) Suppose that there is a passenger of mass 70 kg in the elevator. Calculate the apparent weight of the

passenger at time 7 =4 s.

=5a

GO ON TO THE NEXT PAGE.
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SECTION I

Time—90

PHYSICS B

S

minu

7 Questions
Directions: Answer all seven questiohs, 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 green insert.
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1. (10 points)

The vertical position of an elevator as a function of time is shown above.

(a) On the grid below, graph the velocity of the elevator as a function of time.
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GO ON TO THE NEXT PAGE.
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(b)

i. Calculate the average acceleration for the time period r=8 stor=10s.

, z
X= X ¥ \lb€ "'%9\{

) T
s V2w ¥ 15m[5(Ts) ¥ _‘ia (2)

,/"‘* B
. . 1
Ym = \Zw + Bm + o \ q,_:"-% )M/s" of RE )
tqm = Gun rZa “lwm=Za . i
MR LG Z 2.
ii. On the box below that represents the elevator, draw a vector to represent the direction of this average
acceleration. ' :

T

(c) Suppose that there is a passenger of mass 70 kg in the elevator. Calculate the apparent weight of the
passenger at time t =4 s.

Frmg = 70‘43@ wls') :

GO ON TO THE NEXT P(AGE.
B
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and about 17 minutes for answering each of
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this booklet in the

PHYSICS B
SECTION I
Time—90 minutes
7 Questions

GO ON TO THE NEXT PAGE.
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Vertical

Directions: Answer all seven questions, which are weighted according to the points indicated. The sugg
Position (m)

is about 11 minutes for answering each of questions 1-2 and 5-7, :
questions 3-4. The parts within a question may not have equal weight. Show all your work in

spaces provided after each part, NOT in the green insert.
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(b) :
i. Calculate the average acceleration for the time period t=8sto 7= 10s.
v - . ASms 4 Lfmls o
- - - S ¥ :
a & a € s 7—{3
3

6 = .|Zmlgl

ii. On the box below that represents the elevator, draw a vector to represent the direction of this average
acceleration. :

(c) Suppose that there is a passenger of mass 70 kg in the elevator. Calculate the apparent weight of the
passenger at time t =4 s.

NS

g

ma
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EE | - m3 T Ma ¥ F’AJ
. g« {155k €

.ot

g w2625 b (o
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GO ON TO THE NEXT PAGE.
-5-

Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



2A

2. (10 points)

A simple pendulum consists of a bob of mass 1.8 kg attached to a string of length 2.3 m. The pendulum is held at .
an angle of 30° from the vertical by a light horizontal string attached to a wall, as shown above.

(a) On the figure below, draw a free-body diagram showing and labeling the forces on the bob in the position
shown above.

Tcos®
> -
(b) Calculate the tension in the horizontal string.
ma = T cosb
C.3X(4.%) =T, ces3S
T, = 20.97 N+
T.= T g\ na
T, = (ao.31)(sin30%)
T, = 1013
e e
GO ON TO THE NEXT PAGE.

-6-
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(c) The horizontal string is now cut close to the bob, and the pendulum swings down. Calculate the speed of the
bob at its lowest position.

A= &,‘Em
Lesse = +-99 ™m
e 8.3~ 1.99

s 0. 36 ™M

«gcosﬁ

atr Test

XE= o
TE =mah = (1.8X9.23C0. 302D
TE =

3.4 T

Ar’ owest 956;“0”2

- Hrere
TE s KE+ PE T % e

ne Mot

\'\et\%\v’\“"
= XKE
WKE= 5.4 -
¥E = -g—qu
= 1 2
e e
INE QHG ""\" /s |
GO ON TO THE NEXT PAGE.
“7-
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2. (10 points)

A simple pendulum consists of a bob of mass 1.8 kg attached to a string of length 2.3 m. The pendulum is held at
an angle of 30° from the vertical by a light horizontal string attached to a wall, as shown above.

(a) On the figure below, draw a free-body diagram showing and labeling the forces on the bob in the position
shown above.

(b) Calculate the tension in the horizontal string.

Foe/1:3- 9% 5/17 64 FS-\.%-G\.%f\_j,w

h 4 AINAL £os20= Y1 «
- WA~ .

GO ON TO THE NEXT PAGE.
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(c) The horizontal string is now cut close to the bob, and the pendulum swings down. Calculate the speed of the

bob at its lowest position. _ (
- . Z/n V
[ §

T g0

F:erS HZ
.03 osd\lﬁ!‘w\sml M(,W\}g w\’ﬁe’g Nt o pm,,
\(\ 'V/Z = \S‘b 3€CO/|A5|

L9023 = 1.1 sl peters

das \,e,gfh of we AB :'%D
|2 medes s~ 500 sepondsmesns
N = 7. %30/s
becavse N, =0, Vaox = 2V Vo = Ll[o']

\“M“} ma /\/

\Viay= U677 M,g

'\))(\\{:T.Z= Fr.
X3l T A

X, "7(7_=F:rz < 109\ Y,

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

A simple pendulum consists of a bob of mass 1.8 kg attached to a string of length 2.3 m. The pendulum is held at
an angle of 30° from the vertical by a light horizontal string attached to a wall, as shown above.

(a) On the figure below, draw a free-body diagram shoﬁdng and labeling the forces on the bob in the position
shown above.

i
i
i
i
!
{
i
i
i
3
H

(b) Calculate the tension in the borizontal string.
T:fsin g .
T=(1.8%9) Wim/sel) sin 307
T .82 n

GO ON TO THE NEXT PAGE.
" -
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(c) The horizontal string is’ now cut close to the bob, and the pendulum swings down. Calculate the speed of the

bob at its lowest position. _ -
' D2 3vn :
F)E - WE ’KB cos30°< ':,('.?;n—
rgh =% v X< 1.9
2.3 = L 9o o 0 3
Ao D)= s (L) v2 " T
0ednn ) (T:8mise ) (8In) =2 (LEy) v
 d3ha-nt . - wo v
€ S3hgzo. L Wy v
V T 2dbm et
GO ON TO THE NEXT PAGE.
-7-
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-at+2q

3. (15 points)

Two point charges are fixed on the y-axis at the locations shown in the figure above. A charge of +g is located

aty = +a and a charge of +2¢ is located at y =-a. Express your answers to parts (a) and (b) in terms of g, a,
and fundamental constants.

-‘ (a) Determine the magnitude and direction of the electric field at ihe on'gin
E’ % L E;,,»Eq_
E a/o u/nh/ara/ = —-’55*

E.f%'%%am/g; 3lg >(f ectric M 5 @ vect)

?.

(b) Determine the electric potential at the origin.

GO ON TO THE NEXT PAGE.
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A third charge of —g is first placed at an arbitrary point A (x = —x;) on the x-axis as shown in the figure below.
y

as+q

—4q

—at+2q

(c) Write expressions in terms of g, a, x;, and fundamental constants for the magnitudes of the forces on the
—g charge at point A caused by each of the following.

i. The +gq charge
F- ka.g2 k) kg
r* — . ‘(ma DERES
F=y¥,"*q R
IF) v).kgj

% g,

o~

ii. The +2¢ charge - :
- k = Kt
F 22 FkBlg)  2ke® m E
X 24,2
N 2 Y% ra 24,2
r= /Xoa"(-a) (/% "a’) / - %0"7a
(d) The —g charge can also be placed at other points on the x-axis. At each of the labeled points (A, B, and C)

in the following diagram, draw a vector to represent the direction of the net force on the —g charge due to the .
other two charges when it is at those points. ~ ~

-

]
-—-—-—-———i~—--—->’~<:
£

GO ON TO THE NEXT PAGE.
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-at+2q

. (15 points)

Two point cl{arges are fixed on the y-axis at the locations shown in the figure above. A charge of +¢ is located
aty = +a and a charge of +2q is located at y = —a. Express your answers to parts (a) and (b) in terms of ¢, a,
and fundamental constants. : : :

(a) Determine the magnitude and direction of the electric field at the origin. >.

E = ke

p el
e

-
’;k{,
o

(b) Determine the electric potential at the origin.
=1L
-

_ ()

_ L Lk
Vs e

GO ON TO THE NEXT PAGE.
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A third charge of —g is first placed at an arbitrary point A (x = —x;) on the x-axis as shown in the figure below.

y
%-ﬂ
A b xo

\ » +2q

(c) Write expressions in terms of g, a, x;, and fundamental constants for the magnitudes of the forces on the

—q charge at point A caused by each of the following. '
a~tt =c<

F=kaz, (K) Fa"=¢
VAR

i. The +g charge

-

F= kCUe)

ii. The 4+2q charge

REBEZCT: .
(d) The —g charge can also be placed at other points on the x-axis. At each of the labeled points (4, B, and C)

in the following diagram, draw a vector to represent the direction of the net force on the —g charge due to the
other two charges when it is at those points.

:

i
~a%+2q

'

!

GO ON TO THE NEXT PAGE.
-Q. '
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. (15 points)

Two point charges are fixed on the y-axis at the locations shown in the figure above. A charge of +g is located
aty =+a and a charge of +2q is located at y = —a. Express your answers to parts (a) and (b) in terms of ¢, a,
and fundamental constants.

(a) Determine the magnitude and direction of the electric field at the origin. =
F.=2K& = qx0%zg) |IXIO (24)
~ Pl =7 _ C\Z o=

T’L

e

Y= 4qxi0?

O~ ‘%‘L%)

(b) Determine the electric potential at the origin.
Wz\é&ﬂcz k 2‘—-@/
Gx10% ()2
O

GO ON TO THE NEXT PAGE.
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A third charge of —q is first placed at an arbitrary point A (x = —x; ) on the x-axis as shown in the figure below.
2
sz a“tre” M

CC=0mrEzer

/’

-
A ) Xo

e

T~—a4+2g

(c) Write expressions in terms of g, a, x;, and fundamental constants for the magnitudes of the forces on the
—g charge at point A caused by each of the following.

i. The +q charge F = 9X (e} (ﬁ%ﬁ)

Rt T ¥

ii. The+2gcharge T = qx\o? (zﬁ:?a(ﬁ )
oF +%o

(d) The —g charge can also be placed at other pqints on the x-axis. At each of the labeled points (A, B, and C)
in the following diagram, draw a vector to represent the diréction of the net force on the —q charge due to the

other two charges when it is at those points.

y
A
i
i
i

GO ON TO THE NEXT PAGE.
=G
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4. (15 points)

Your teacher gives you a slide with two closely spaced slits on it. She also gives you a laser with a wavelength
A = 632 nm. The laboratory task that you are assigned asks you to determine the spacing between the slits.
These slits are so close together that you cannot measure their spacing with a typical measuring device.

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

. Meterstick —Ruler L Tape measure _ Light-intensity meter
v Large screen _l_ Paper _L Slide holder — Stopwatch

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

|
| m=3
o Qb

\aser
[N B

Prger &

- - . {
foVKCo.ycf,iqg MRase This distanc
Aotz — -

(¢) On the axes below, sketch a graph of intensity versus position that would be produced by your setup,
assuming that the slits are very narrow compared to their separation.

Intensity
I 3
N a & ~
o » Position
GO ON TO THE NEXT PAGE.
-1in.
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(d) Outline the procedure that you would use to make the needed measurements, including how you would use
each piece of the additional equipment you checked in (a).

Frst T Wold Setup fne blreen and /(\/;\LW
Shie & AlsTane L apevd. L W ol
Omine A Laser Thwovgn fne s lida €00 Wﬁ:
onhl o difhadon \Qmﬁw NS U}%S‘P‘j’fof’\
Sretn - TMun T Wovld meadove o ANSTA
bW LEW b davic cppts 0N WSC/VWf (M
T Wouldh use Ane s\ide holdan N e posimons
W CliAL, W‘W&P{,»M&»gu(m -+ WnNLZes e
e AiStne s L4 Xua GAINA MVQ\W

(e) Using equations, show explicitly how you would use your measurements to calculate the slit spacing.
\/S\\f\g e CAUAIoN Ay Ae X L
a2 )
Tywovld s vpshtute M‘j VALAS N LN TS
. ik wavre angi

“PW Xm‘ Ow\d\ L 3 W&J{;J@\/‘ WA | gm
OL {'Cj A% j NN 1 v nw. T j: WO AL

| . P L
IolVe %U‘/ oy o S & paaHOoN 2

<\WHS
GO ON TO THE NEXT PAGE.
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Your teacher gives you a slide with two closely spaced slits on it. She also gives you a laser with a wavelength
A = 632 nm. The laboratory task that you are assigned asks you to determine the spacing between the slits.
These slits are so close together that you cannot measure their spacing with a typical measuring device.

4. (15 points)

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

2£ Meterstick A Ruler ___ Tape measure L Light-intensity meter
QS_ Large screen ___Paper /X Slide holder ____ Stopwatch

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

il - plem foetemne
s T T = e __
ST T T R el et Ao

Ude pighe Shretn and Lyht intpns ity e -
to dedssran ebohat Jistace s ”7‘“
Tabersiby  hrghest

(c) On the axes below, sketch a graph of intensity versus position that would be produced by your setup,
assuming that the slits are very narrow compared to their separation.

_ » Position
(8]

/ﬂ\é,gmt )~ /795';’%’{0‘,\ |

GO ON TO THE NEXT PAGE.

Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



yg

(d) Outline the procedure that you would use to make the needed measurements, including how you would use
each piece of the additional equipment you checked in (a). :

St op ‘}/Q /ajerlscrced,aag/ﬂ%c Aoy toot He
/ A6 (/M’I( pass 7%1".’2.4/7]\ He sfs’e wnd Si yole ¢ 0
s een Mapre Hedibue fom Pt shied M
2t avdldocome b this o5 L0 o dhe Pokn e fo Mansng
[/IBAA“C bohvteen ¢, Yl 9"‘: ér{’g}f spets (oh Am;{f,_)
Cledate dvhnce Lo, do "0 ]
U e ,;L& x"r\%mew\L/ Mot s+ cord? P optona,
g/f; ?zdzwe -(:t/ tr&rl freds.

£

(e) Using equations, show expﬁcitly how you would use your measurements to calculate the slit spacing. :
m A

Y XK= I
90/(/& -F@r“ a/éseﬂamr’f'“") '
X i %Z&Cfbﬁm\@ J_c{u'ee’« {7/,‘“7}?'. s {*5 gmc/
L ’}"M‘{ Q’;\)%"Mig ‘G‘Oﬁ yz\ﬂ f!g‘&"gﬁ 1L0 "}"'{42_ SC{!C/I
/\,f‘sf[e I Ware fe] |
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4. (15 points)

Your teacher gives you a slide with two closely spaced slits on it. She also gives you a laser with a wavelength
A = 632 nm. The laboratory task that you are assigned asks you to determine the spacing between the slits.
These slits are so close together that you cannot measure their spacing with a typical measuring device.

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

Aeterstick " Ruler ___Tape measure ___Light-intensity meter
_\/Large screen —_Paper l/Slide holder ___ Stopwatch

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

i ‘é"‘"' ' s - ; .
Signr O/{{L_ ® - , _—

- S i 2.

(c) On the axes below, sketch a graph of intensity versus position that would be produced by your setup,
~ assuming that the slits are very narrow compared to their separation.

Intensity

%

L

» Position

GO ON TO THE NEXT PAGE.
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(d) Outline the procedure that you would use to make the needed measurements, including bow you would use
each piece of the additional equipment you checked in (a).

| Jnsert stle U~ slide holder.

2. Shire. luser ‘Phrough siide. |

-2 ?«*Sf"‘a e \c'.f!:}e S Creln, locate ‘HMg laser [}%M’* an ‘He  seceen,
This distince letmen stide and sercen fe .

Y. Llocate Twe Horve ‘ms'm- dots en Hw seten Mc% usiny e
Meergtie | rv\aosM e distone etvaen e, T'h’ts 'y \{‘

z, Us"ﬂa NTA crprrreten | T s Possx"bie Yo {vnd i)*ﬂ«e‘
disdance  betvoeen fue si*'\’s“

(e) Using equations, show explicitly how you would use your measurements to calculate the slit spacing.

cos = ’\:__ Cuse thie te find &

LN

dsine * =

dun o ony ® in e find d

GO ON TO THE NEXT PAGE.
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Note: Figure not drawn to scale.

5. (10 points)

A large rectangular raft (density 650 kg/m?) is floating on a lake. The surface area of the top of the raft is 8.2 m?
and its volume is 1.80 m>. The density of the lake water is 1000 kg/m?>. -

(a) Calculate the height h of the portion of the raft that is above the surrounding water.

L. % , 2196 >

.

Vi

Fm=f’9 M= pV

/—:7.- 11477, 7 Gr
119777 =[1000)( v)(9.57)

. ’ -

<.63 A="§€-—% h=.02643m

(b) Calculate the magnitude of the buoyant force on the raft and state its direction.

P ]
beos = I/ Y77 ) e ot

=

iy ply
(0o 1.17)(4.81)

GO ON TO THE NEXT PAGE.
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(c) If the average mass of a person is 75 kg, calculate the maximum number of people that can be on the raft -
without the top of the raft sinking below the surface of the water. (Assume that the people are evenly
distributed on the raft.)

75 4,81= 135, 750

W.:réjmj

Fany = (000)(63) (08
2610, 2N
_ﬁ/!é_‘f; X reemnlie; af oot
72575 |
X=%9

gf%ém%”h%%} i
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Note: Figure not drawn to scale.
5. (10 points)

A large rectangular raft (density 650 kg/m?) is floating on a lake. The surface area of the top of the raft is 8.2 m?
and its volume is 1.80 m3. The density of the lake water is 1000 kg/m>.

(a) Calculate the height h of the portion of the raft that is above the surrounding water.
V=Ah
t80m? = §.2m -H
H=0.2Zm
1y - 650
h=H-%mH
he0.097m)|

Wp—

(b) Calculate the magnitude of the buoyant force on the raft and state its direction.
B= Doy Vomect Bgrarty =0000)(123(22) <[FEHON]

‘e

e = ma * -
Nergn® 2 rpgniuce

~ e B
g™ TusyanT Torcl
ﬂ‘\i: Pab:)é'c*' X Vobjeci‘; V

mz 650 X (@ = [[TOky
.F=z B~ Fwenshf = Qoo LY B) - RGNS R
S E T HO - kbl T b, AN
i K

T

i;ge direction ’
i s upl "
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(c) If the average mass of a person is 75 kg, calculate the maximum number of people that can be on the raft
without the top of the raft sinking below the surface of the water. (Assume that the people are evenly
distributed on the raft.) '

z" F=0=8- 'f“/weigh%
:wez3h+ = Bz (3,640
(5 +1170) 39 = 1264 Q
5. +1730 = 1300
T35n = 630
n=3.4

) j X
{4he asximum 15 B peopla

GO ON TO THE NEXT PAGE.
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Note: Figure not drawn to scale.
5. (10 points)

A large rectangular raft (density 650 kg/m?) is floating on a lake. The surface area of the top of the raft is 8.2 m?
and its volume is 1.80 m>. The density of the lake water is 1000 kg/m?.

(a) Calculate the height 4 of the portion of the raft that is above the surrounding water.

(b) Calculate the magnitude of the buoyant force on the raft and state its direction.

0- 1893
SICIVPRS

GO ON TO THE NEXT PAGE.
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(c) If the average mass of a person is 75 kg, calculate the maximum number of people that can be on the raft
without the top of the raft sinking below the surface of the water. (Assume that the people are evenly
distributed on the raft.) ’

W\l 0 1545
n=\5. UV

(\; 5

GO ON TO THE NEXT PAGE.
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6. (10 points)

An experiment is performed to determine the number n of moles of an ideal gas in the cylinder shown above.
The cylinder is fitted with a movable, frictionless piston of area A. The piston is in equilibrium and is supported
by the pressure of the gas. The gas is heated while its pressure P remains constant. Measurements are made of
the temperature T of the gas and the height H of the bottom of the piston above the base of the cylinder and are

recorded in the table below. Assume that the thermal expansion of the apparatus can be ignored.

T(K) | H(m)
300 1.11
¢ 325 1.19
355 1.29
375 1.37
405 1.47

(a) Write a relationship between the quantities T and H, in terms of the given quantities and fundamental

constants, that will allow you to determine n.

(b) Plot the data on the axes below so that you will be able to determine n from the relationship in part (a).
Label the axes with appropriate numbers to show the scale.

W)

1 =

149
1.1

| ]

1 1 i 3 i I ! L i Il

. | :
1.5 ——:——4-—|-—+--4-++--|——1-—-4-—;--f4——|-—+—-|-—+-
[ R B |

! LAd -l 1 ! !

PR EEEEE RS

T .

»T(K)
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(c) Using };our graph and the values A =0.027 m? and P = 1.0 atmosphere, determine the experimental
value of n.

_ GAPNRe 037 m™ L1~ 1.175m
: a3 ' 3 k-330K

N=1.260 ma|

GO ON TO THE NEXT PAGE.
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(_J

Piston

l_
6. (10 points) J_

An experiment is performed to determine the number n of moles of an ideal gas in the cylinder shown above.
The cylinder is fitted with a movable, frictionless piston of area A. The piston is in equilibrium and is supported
by the pressure of the gas. The gas is heated while its pressure P remains constant. Measurements are made of
the temperature T of the gas and the height H of the bottom of the piston above the base of the cylinder and are
recorded in the table below. Assume that the thermal expansion of the apparatus can be ignored.

TK) | Hm)
300 1.11
325 1.19
355 1.29
375 1.37
405 1.47

(a) Write a relationship between the quantities T and H, in terms of the given quantities and fundamental
constants, that will allow you to determine n.

PV=nRT
PrA=nRT

=28

(b) Plot the data on the axes below so that you will be able to determine n from the relationship in part (a).
Label the axes with appropriate numbers to show the scale.

| | I ! | ! 1 )

i ] ]
1 I3 il 1 L 1 ! ) | 1 1 . I(K)
308 0 WG Hab

GO ON TO THE NEXT PAGE.
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© U:ling );our graph and the values A =0.027 m?and P = 1.0 atmosphere, determine the experimental
value of n. :

H
- =.0037%

latm > 027m”

070097 %

: L J—
.43 mol K

=170 *1p7% ol

GO ON TO THE NEXT PAGE.
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Piston

:Ji[__
6. (10 points) L

An experiment is performed to determine the number n of moles of an ideal gas in the cylinder shown above.
The cylinder is fitted with a movable, frictionless piston of area A. The piston is in equilibrium and is supported
by the pressure of the gas. The gas is heated while its pressure P remains constant. Measurements are made of
the temperature T of the gas and the height H of the bottom of the piston above the base of the cylinder and are
recorded in the table below. Assume that the thermal expansion of the apparatus can be ignored.

T(K) | H(m)
300 1.11
325 1.19
355 1.29
375 1.37
405 1.47

(a) Write a relationship between the quantities T and H, in terms of the given quantities and fundamental
constants, that will allow you to determine .

Pu- W RT N
Y\' — —— e
TRT T

(b) Plot the data on the axes below so that you will be able to determine n from the relationship in part (a).
Label the axes with appropriate numbers to show the scale.

I L NI SR SURAN S WO SUI S R SO YN 1
i I

" | ! | | | i I} 1 ] f I | |
BEREE A R Sy Sin R S hank St Aubent mnie i ety St i Hnt

|

1 1 i i | t | 1 | I i

I Py S e SyRue ST RSP PSRy SO P S PR SIS S S S

4 + 4 r - 4 3 i L | 1

- ) ] ! 1 l‘ .I i i | 1 1 >T(K)
30 : 150 a0 %y w0
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) /
(c) Using your graph and the values A =0.027 m? and P = 1.0 atmosphere, determine the experimental
value of n.

9.0 C '.l'
—eee——

n- (é,?( 3(200) -

GO ON TO THE NEXT PAGE.
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n=4

n=3 —6.04 eV
n=2 -13.6eV
n=1- =544 eV

Note: Energy levels not drawn to scale.

. (10 points)
The diagram above shows the lowest four discrete energy levels of an atom. An electron in the n =4 state
makes a transition to the n = 2 state, emitting a photon of wavelength 121.9 nm. '

(a) Calculate the energy level of the n =4 state.

thohh* y_\.;_\’-——
Ef‘wH“: (I{.W\lf‘ﬂ(%kﬂ‘)\ (O (q ev /

Y

E - s']g‘gev +(0.19 eV
Y

‘ E=-3Ml eV\

(b) Calculate the momentum of the photon.
Q > }\\
pton )\

Q = (gg 3% \0\3'1)
—
121 4xdgs

GO ON TO THE NEXT PAGE.
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The photon is then incident on a silver surface in a photoelectric experiment, and the surface emits an electron
with maximum possible kinetic energy. The work function of silver is 4.7 eV.

(c) Calculate the kinetic energy, in eV, of the emitted electron.

KEmQ_(t Ef'\"’“ ~ &
LE may = 10,10 - 4.7

(d) Determine the stopping potential for the emitted electron.

E= eV
S‘W‘QV :\,(VS‘
5.4q v :V5

GO ON TO THE NEXT PAGE.
-17-

Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



A

n=4

n=3 —6.04 eV
n=2 -13.6.eV
n=1 : -54.4 eV

Note: Energy levels not drawn to scale.
. (10 points) .

The diagram above shows the lowest four discrete energy levels of an atom. An electron in the n =4 state
makes a transition to the n = 2 state, emitting a photon of wavelength 121.9 nm.

(a) Calculate the energy level of the n = 4 state. . _. ,

_ N »
p- A 5498V 12310 eV
A G

(b) Calculate the momentum of the f)hoton. -

P=mv A= ‘%’ p= —b— =12 T m

= (.b3> 10> - g 21
P= EPTCTRTSaredid R AL kg- %

GO ON TO THE NEXT PAGE.
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The photon is then incident on a silver surface in a photoelectric experiment, and the surface emits an electron

 with maximum possible kinetic energy. The work function of silver is 4.7 eV.

: (c) Calculate the kinetic energy, in eV, of the emitted electron.

Ad P= C.30410°% 36
Kanax™ & — & cm IEFERT " 0%
s | —l‘1
Km wx= (003 :167Y IR%"I‘ ) -ASEMNO T 32103'7.52*1
| | v

| -1, »
=¥, 7410 T leV - v
Fa T eoasy ERIEA

(d) Determine the stopping potential for the emitted electron.

\k«vm\x’ 0

h h g, |qx6 80 s
Dz 13 %10 L ]Fl—.‘l?;/*\b'sl-h_
GO ON TO THE NEXT PAGE.
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n=4 _ 2

n=3 —6.04eV W
=2 ~13.6eV \'y>
5acd

o ™~
n=1 ~54.4 eV \(

) - A
Note: Energy levels not drawn to scale. (E —

7. (10 points)

The diagram above shows the lowest four discrete energy levels of an atom. An electron in the n = 4 state
makes a transition to the n =2 state, emitting a photon of wavelength 121.9 nm.

(a) Calculate the energy level of the n = 4 state.
!

F =& Sev-s\(@UeD 3 ‘X>

. \6\
. E = ’ Oo \% 'Q/V
(b) Calculate the momentum of the photon.
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The photon is then incident on a silver surface in a photoelectric experiment, and the surface emits an electron
with maximum possible kinetic energy. The work function of silver is 4.7 eV.

(c) Calculate the kinetic energy, in eV, of the emitted electron.

[erac = nf - B
= (G s ev-s Y. Usw\o‘g 33 Y4ev

(d) Determine the stoppmg potential for the emitted electron.

O Wtuxw"ieu s\({S 4nev
[ Ui st Seos Y(4) = v

f— | 125X\ 5
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