1998 Physics B Solutions Distribution
of points

Question 3 (10 points)
(a) 1 point

For the correct value of work required to raise the center of mass of the lead 1 point
W =mgh

(b) 3 points
For a correct expression for the change in gravitational potential energy, mgh 1 point
For a correct expression for the change in thermal energy, ncAT 1 point
This point was also awarded for using the expression nepAT, but in this case the

final point was not awarded

Equating the two energy changes
mgh = mcAT

For the correct answer ) Ipoint

ar= 2t

c
(¢) 2 points
For correctly substituting values in the answer to part {b) and a correct calcuiation 1 point

For multiplying that value by 100 1 point

2
AT —100 (1o m/s? }2.00 m)
128J/kg K
AT, = 156K

{d) 2 points
The answers to parts (b) and (¢) will not change, because AT does not depend on the mass.
For correctly saying “no” and including a correct physical explanation 2 points

Full credit was awarded for “yes™ plus an explanation if this was consistent with
student’s answers to {b) and (c).
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Question 3 (continued)

(e) 2 points

For any completely correct answer referring to energy transfer
For example: There is friction between the lead and the apparatus, resulting in a loss
of heat to the surroundings.

Only one point was awarded for an answer that had a correct reference to energy
transfer but also had incorrect statements,

1998 Physics B Solution

Question 5 (10 points)

(a)

®

()

2 points

Using a relationship between the wavelength A and the length L of the string, for
example the general relationship 4 = 2L , where n is the number of loops in the
n

standing wave pattern, or the specific relationship for this case 24 = £ which
can be developed directly from information in the question

For correct substitution of values
1= 2{1.20m)
4

For the correct answer
A=060m

2 points

Using the relationship for the speed of a wave
v=1d

For correct substitution of values
v =(120 HzX0.60 m)

For the correct answer
v=72m/s

3 points
For indicating that the mass should be decreased

For any two of the statements in the following explanation, one point each
* The wavelength must decrease for there to be more loops on the string

* Given that the frequency is constant, the speed of the waves must decrease if
the wavelength does

*  This means that the tension must decrease, so the mass must be decreased

Distribution
of points

2 points
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1 point

1 point

1 point

I point

1 point

2 points
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of points

Question 5 (continued)
(d) 2 points

In one complete cycle, a point on the string begins at some position and travels
until it returns to that position. For exampie, a point at an antinode that is at its
highest point at the beginning of the cycle travels to its lowest point, and then

back to the highest point. The amplitude of the standing wave is the distance

from the center point (where the string would be straight) to one of these extremes,
or one fourth the distance traveled.

For the correct answer 2 points
Amplitnde =1 cm

One point was awarded for answering 2 cm, which is the resuit of interpreting
“total vertical distance” as the distance between the highest and {owest peints of
the antinode and then correctly calculating an amplitude of 2 ¢m based on

that interpretation.

For having all units on answers correct 1 point
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Question 5
10 points total Distribution
of points
(a)
i 2 points
For a comrect caleulation of the work: done on the gas 1 pomt
Wy = —PAF
Wy = —(600 N/m?)(9.0m?® - 3.0 m?
Wy = 36007
For recogmition that the work dene by the gas i3 the negative of the work done on the gas 1 point
Wy, = 36007
1L 3 points
For a comect expression or derivation of the expression for AL 1 pomt
AU ==nR AT
For cnn‘ect calewlation of Ts of AT usmng the ideal gas law, PI"=nRT 1 point
AU —,,qf'molecbﬂﬂl KP[SZSK—IDEKJ
OR since P AV = nR AT, AU = 3P AV = 3{600 Nfm?)(9 w® — 317)
For the correct answer 1 pomt
AU = 34007

Wote: The equation AL™ = ih‘R AT can be derived from the expressions for

Epe and vy, found i the equation sheet as follows:
U= _-"-.-'If.";Iw where N = number of molecules in the gas = nNj

U= r‘r“\,:, RET

B . .
R= rB— = kgNg

L' = znRT
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Guestion 5 (continued)

Distribution
of points
(&) comtinued
1ii. 1 point
For comrect substitution of answers from parts 1. and 1. into the first law 1 pomnt
of thermodynamies
AU =0 + W,
0= AU -1,
O = 5400 ] — (3600 T)
O =90007
Altemnate Solutions for paris i, and i, Alternate points
Selving part iii. first:
3 v T 3
0 = nep AT =ngRAT = (2 mles__.jq_gslmlK__|¢_32:|K-mg};__.=9m0:r
For a comrect equation I paint
For correct caleulation of Ts or AT 1 point
For the cormrect answer I paint
Eetunung to solve part 11.:
AU =0+ Wy, = 9000 T+ (—3600 J) = 5400 ]
For comect substimutions into the first law of thermodymanues of answers 1 point
from parts 1. and 1.
(b | point
00}t
e O St
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8 500} -4--- b Ao e R
z i | | ] I | | ! ! | | I ! | 1 I I 1
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e NI A -t e
100} -4t
it L L L L
0 5 10 15 20
Vim?
For poin: C plottzd and labelad correctly as above, and for a comect straight line from 1 pomnt

point B to point ©
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Cluestion 7
10 points total Distribution
of points
(a) 4 points
For a correct caleulation of the photon frequency 1 point
==
A
f=(30010° mfs)/(1.21910"m| = 2.46 = 10" Hz
Fer comrect caleulation of the photon energy in electron-volts or joules 1 point
E, =0 = (4141077 eVis) (24610 Hz| = 1022V OR 1631071 ]
The two points above were also awarded for comectly using E = he/i or using
E = pecand the answer from part (b).
For mndicating that the photon energy is| the difference between the two energy levels 1 point
E,=E +E,
E, = 1366V + 102V
For the comrect mumernical answer 1 point
E, = 34ev OR 5441071
Alrernate solution Alrarnate points
For use of energy levels and the Bolr model* 1 point
E,=E/n
For identifying the ground state energy 1 point
E = S44eV
For using the comrect quantum mumber 1 point
n=4
For the commect answer 1 point
E, = 34eV

(b)

*Mote: This equation 15 not on the equation sheet. nor is the Bohr model part of the Physics B
curmicubin. However, students were given credit for this correct solution.

2 points

p=hia OF. p=Efe

For substiution of appropriate values mto either of the above equations 1 point
p= (663107 3| /1219 107m| OR  p = (1.63 %1071} /(3.00 % 10° m/s)
For the comect answer with correct units 1 pomt

P=542 10 kgem/s  (or 3.40 % 107 eVes/m)



ic)

(d)

AP® PHYSICS B
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Question 7 {continued)

2 points

max
For comect substitution of photon energy from part (8), or 2 caloulation of it
E . =102aV-47eV

max
For the comrect answer m &V
E,.=55eV

E —Eph &

2 points

Eo =W =gl

For using the definition of an eV as the work required to move a chargs ¢ through a
1-volt potential difference

For the comrect answer with wuts of velts

I"=55V

Altermate solution
Feor understanding the relztionship between electrical potential and ensrgy

V= Kru.m.lqu
F=(55eV)(1.6x 107" J,-'e‘v’::f-'r[l 62107 C)

For the comrect answer with wmits of volts
F=355V

Distribution
of points
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1 point

1 pomnt
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1 point

1 point
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of points
Question 4 (15 points)

(a) 3 points

For using Snell’s law OR indicating that the index of refraction is the slope of the graph 1 point
n, sin6, =n, sin6,
For substituting or otherwise indicating use of data from the given graph 1 point

1)(0.5) =n, (0.8 OR slo e=9-'§—
2 p 05

For the correct answer 1 point
n2 = 1.60
(Alternate solution) (Alternate points)
For using the expression for the critical angle 1 point
sin@, = %

m
For using data from the graph 1 point
The critical angle occurs when sin#, =1. From the graph, sinf, =siné, = 0.625
0.625= 1

m
For the correct answer 1 point
ny =160

Two points were awarded for inverting the values from the graph to obtain n, = 0.625 .

(b)
i. 2 points
For using the correct equation with the correct substitutions 1 point
f=v/2
f=(3x10° m/s)/(675 x10~° m)
For the correct answer 1 point

f=444x10" Hz

ii. 2 points
For using the correct equation with the correct substitutions 1 point
v=c/n
v=(3x10* m/s)/1.60
For the correct answer 1 point

v=188x10% m/s

If an incorrect answer was carried through to obtain a speed greater than 3 x 108 m/s, only one point was

awarded for the solution. The second point could be earned if there was some indication that the student
realized that the value must be incorrect, because it could not be greater than the speed of light.
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of points
Question 4 (continued)

(b) (continued)
iii. 2 points
For using the correct equation with correct substitutions (consistent with previous answers) 1 point
A=v/f
2=(188x10°* mys) /(4.44 x10' Hz)

For the correct answer 1 point
A=423x10" m=423 nm

Units point: For correct units on two of the three answers in part (b) 1 point
(©
i. 1 point
!
|
Air (n = 1.00) 1 0,
1
)
i
Glass !
L}
!
For correctly indicating on the figure that 8, increases 1 point

(continued on next page)
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of points
Question 4 (continued)
(c) (continued)
ii. 2 points
1.0 Z
,/
0.8
0.6
Sin 6,
04
==
0.2 ,/
7
0
0 0.1 0.2 03 04 05 0.6 0.7
Sin 6,
For a straight line that goes through the origin 1 point
For a steeper slope than the given line 1 point
Full credit was awarded for a line with less steep slope if it was consistent with the answer to
part (a)
(d) 2 points
For the correct equation for the critical angle 1 point
sinf, = L2
ny
. 1
sinf, = —=0.602
1.66
For the correct answer 1 point

6. =37° or 0.624 radians
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Cuestion 4

15 points total

(a) 4 points

Ll

Distribution of
points

00 25 20 15 10 5

U

For any two commect rays through the lens

Two of the three principal rays shown on the diagram above were expected.
One peint was subtracted for additional incorrect rays. No credit was awarded for

reflected rays.
For comrect extension of the rays backward

For showing the image with correct size, position, and orentation

(b} 2 points

For stating that the image 15 virtuzl, or for stating a choice consistent with the ray

diagram in part (a)

If there were no supporting diagrams or calenlations, virtual was the cnly

accepted answer.

For a comrect explanation consistent with the cheice given, such as:

The light rays diverge on the left side of the lens, but appear to come from a point
behind the clject. OF The image 1s on the same side of the lens as the object.
OF. The cbject 15 placed between the converzing lens and the focal pomt.
This point was not swarded 1f additional wrong statements were part of the response.

ic) 3 pomnts

For the lens equation OF. for the lens equation with substimted quantities

1 1 1 1l 1 1
E-'-EIGE':_. 10 em 6 cm

For the comect solution

f=-15em (Mmus sizn was not necessary to recetve full credic)
Only 1 of the 2 answer points was awarded for the comrect number without units.

Copyright © 2002 by College Enmance Exsmnarion Board. All nzhis reserved.
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Question 4 (cont'd.)

Distribution of

points
(c) comtinued
Alternate

Alternate Salurion poines
Let x,= distance from object to focal pomt and x; = distance from mmage to focal point.

For the comrect fornmla 1 point
5_f

fox%
For correct substimtions 1 point

X 10 cm

10 cm 10 cm-6 cm

II_M_QS om
' 4dem
=25 cm-10 em

For the comect answer

1 poinr
5=15cm
(d) 2 points
For the comect image size to object size ratio with ne units, or with mnits that cancel 2 points
By 5 15cm 5
fy 5, Gom 2
Notes:

Smdents could nse either a caleulation or a ray diagram to arrive at the final answer.

1 pomnt only was awarded if the correct ratio was imbedded n extra calenlations or if
units were provided for the answer (for example, 2.5 cm).

No points were given for giving the object size to mmage size ratio.

(e) 4 pomts

Since the question asked for a deseription, a verbal response was expected. although

the image position, size, and onentation could be determuned from either a caleulation
or a ray diagram.

For the cormrect position:
Image on the opposite side of the lens from the objeet

1 pomnt

Distance from the image to the lens in the range 20cm+ 3 cm 1 point

For the correct size: image size same as object size, or for size consistent with value 1 point
for position

For the comect orientation: image is invertad 1 point

Copyright © 2002 by College Enmance Exsmnaton Board. All nights reserved.
Advanced Flacement Program and AP are registered mademarks of the College Enrance Examination Board.
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Cluestion 5

10 points total Distribution

&)

of points
3 points
For an equation that uses the ratio of densities s, [, to find the fraction of the total
volume (or height) submerged 1 point
The weight of the raft equals the weight of the displaced water.
W, =,
mg = mE
e lig = lE
Selving for the velume of displaced water, which equals the submerged volume of the raft
v, =Ly
4 S

Fer recogmizing that the submerged volome (or height) nmst be submacted from
the total volume (or height) 1 point
r!n"...:lﬂ"F'gﬁ"f =4dh =T, - T,
An=T, - frp -7
P

(2|

By

Pr

B r:? I.!
n—j’[J

Pw !
_lam’f, 650 kg/m* |

g2m*! 1000 kg/m? !
For the correct answer 1 point
b= 0.07T m

h

Some students misinterpreted the statement about the volume of the raft. teking it to mean
the volume of the part above the water instead of the total velume. If the selution to
part (b) showed work that demeonstrated understanding of the concepts needed for part
(a), appropriate credit for this part was awarded.
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(c)
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Question 5 (continued)

4 points

For mdicating that the buoyant force i3 equal to the weight of the raft

F.'ﬁum' =W

For correct substitutions for caleulating the buovant force, etther by directly calculating
the raft’s weizght or calenlating the weight of the displaced water

Fhugy = 2oV7g = (650 kg/m’|[1.80 m* |[9.8 m/s?)

OR Fp,, = o, F,8 = (1000 kgl.-"m3]|:1_l? m)(9.8 njj.fge]
For the correct answer with units
Fhugy = 1152 10° N for 117 % 10" N using g = 10 m/s*)
For mdicating that the direction of the buoyant force 13 up

3 points

The additional weight that can be carmied 15 equal to the weight of water displaced by
the part of the raft now above water.

For mdicating 2 correct equation for the net foree

Wazir = Womrawmer OB Wogg = *F:Elum;‘rfﬁ' il-F:l'::|_'."!

The first equation above yields W5 = o,V g = o, dhg

Substituting the algebrate expression for b from part (2) and simplifying vields
Waan = 2ulvg — o0o8 = Fgle, — &, ). which is equivalent to substitution
mnto the second equation above.

For correct mumerical substitutions to get the weight {or mass) of the top of the raft

T = (180 m” }(9.8 m/s?){1000 kg/m’ — 650 kg/m’ )

W = 6200 W (variation due to rounding earlier on was accepted)

For dividing the total weight (or mass) by the weight (or mass) of a person and
mdicating the correct number of people that the raft can carry. (The final answer
mnst indicate & whole momber of people )

_ Waiar _ 6200 N
MpE  (75kg)(9.8 m/s”)

A maximnm of § people can be on the raft.

n -84

Distribution
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1 point
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1 point

1 point
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Question 1 (15 points)

(@

(b)

()

3 points

For using Newton’s second law
F=ma

Solving for the acceleration
a=Flm

For correctly substituting

a ={4N)/(0.20 kg)
For the correct answer

a=20 m/s’
3 points

For using the correct kinematic equation
1 .,

5 =8, T D, +Eat

For the correct substitutions

12m=0m+(0 m/s) +—;—(20 m/sz)z2
Solving for ¢

_ [lzm
V20 m/§

For the correct answer
r=11s

2 points

For using the expression for the work done by an applied
force, W = Fs. or indicating that the work is equal to the

area under the curve
Substituting
W =(4N)12 m)
For the correct answer
W=48]

Distribution
of points

1 point

1 point

1 point

1 point

1 point

1 point

1 point

1 point
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Question 1{continued)

(d)

2 points

For indicating that the kinetic energy of the object is equal

to the work done by the applied force

1 2
—mu- =W
2

Sclving for the speed
/ZW
v=,—
m
Substituting the values when x =12 m
2(48 1)
0.20 kg

For the correct answer
v=22 mfs

(Alternate solution I)

For using the kinematic equation for speed
v = v} +2a(s; — 5,)

Substituting

v = (0 mys) +2(20 m/s*)(12 m)

vi= 480 m’/s’

For the correct answer

v, = 22 mfs

(Alternate solution 2)

For using the kinematic equation for speed
U, = U, tal

v, = (0 m/s)+(20 m/sz) (1.1 )

For the correct answer

v, = 22 m/fs

Distribution
of points

1 point

1 point

(Alternate poinis)

! point

! point

(Alternate points)

1 point

i point
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(e}

®

3 points

Calculating the additional work done on the object by finding
the area under the force versus displacement curve between
x=12m and x = 20 m

W, = = F,
2
Substituting

4

W, = %(4 N8 m)

For the correct value for this additional work

W, =161

For adding this value to the value obtained in part (¢}

W,= 48] + 16] = 64] _ '
Doing the same calculation for speed as in (d), using the value
for the total work

b= ’2(64 7N
0.20 kg

For the correct answer
v =253 mfs

2 poinfs

For using an expression for momentum or change in momentum
p=mv OR Ap=nAv

Substituting

Ap = (020 kg)25.3 m/s - 21.9 m/s)

For the correct answer

Ap = 0.68 kg-m/s

Distribution
of points

1 point

1 point

1 point

1 point

1 point
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Question 2 (15 points)

(a)

(b)

4 points

For any indication that conservation of momentum is applicable
DPbefore = Pafier

myvy; = MpUpr + Myv yp

Solving for v,

my (vAi - UA/)
mp
For correct substitution of values before the collision
For correct substitution of values after the collision, including v ,, = —0.70 m/s
_ (010kg)(1.4 m/s +0.70 m/s)
Ve = 0.50 kg
For the correct answer
vgr =042 m/s

va =

5 points

For any statement of an equation that can be used to find the time  for the ball to fall
For example:

h=hy +vyt +—%—at2

For correct substitution
0=12m+0(r)+ %(—9.8 m/s?)?
For the correct value for ¢

t = 0.49 s (same value obtained using g =10 m/sz)

For substituting the value of v from part (a) into a correct equation for the horizontal
distance (i.e. having initial position and acceleration both zero)

d =vt1=(042 m/s)(049 s)

For the correct answer

d=021m

Distribution
of points
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1 point
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1 point
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Distribution
of points
Question 2 (continued)
-(c) 3 points
For any statement of the equation for speed 1 point
UC = d/t
For substituting the time from part (b) or correctly recalculating it 1 point
ve =0.15m/0.49 s
For the correct answer 1 point
ve =031 m/s
(d) 3 points
For an indication that the momentum in the y-direction is conserved 1 point
P4y =-Poy

For an indication that the y-component of ball C’s momentum was calculated 1 point
P 4y =Mcvc sin30°

P4y =(0.10 kg)(0.31 m/s)sin30°
For the correct answer 1 point
P4y =0015 kg-m/s



Cluestion 1
10 points total Distribution
of points
(&) 3 points
m=40kg
1’
On the 4 kg mass:
For two vertical vectors, one up and one down, labeled comectly and no horizontal 1 point
VeCtors
On the 8 kg mass:
For two vertical vectors, one up and one down, labeled comectly 1 poimnt
For two honzontal vectors, one left and one night, labeled commectly 1 pomnt

(®)

(3]

AP® PHYSICS B
2006 SCORING GUIDELINES

Note: Labels conld be in words, symbaols, or correct mumerical values. The two masses were
considered independently. It was notf necessary to indicate that the rension forces had
the same magnitudes or that the weights were differant.

2 points

For a correct approach using Newton's 2™ law and the static equilibrium condrtion for the 4
kg mass that leads to a relationship between tension and weight

T=mg

T—(40kg)(9.8 m/s |

For the correct value

T=39N (40Nusmg g =10 m/s")

3 points

For a correct application of Mewton's 2™ law and the static equilibrium condition for the
2 kg mass leading to a relationship between tension from part () and spring force

T=F, =kAx

=T Ax

For using the correct displacement of the spring from equilibrinm
Ar=005m

k=39 N/(025 m-020 m)
For a comrect caleulation leading to a positive value of & using the tension from (b)
k=780 Nfm (300 N/m using 40N from part (a) )

i 2006 by College Enmancs Examination Board All nghts resarved.

| pomt

1 pomnt

1 poimnt

1 pomnt

1 poimt

Vigit apeenmal collezeboard com (for AP professionals) and waww.collegeboard. comy/apsmdents (for students and parents).
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Question 1 (continued)

Distribution
of points
(d) 2 points
Fer a comrect approach to an accelerating system for the 4 kg mass nsmg kinematics 1 point
1 -
v =—gt
yegE

£=2(0.70 m) /(9.8 m/5’)
Fer a cormrect value of time 1 point
t=032s (037susmg g—10 m/s*)

Note: An alternative approach using conservation of energy to determing the speed at the bottom and
then wse of a Finematics eguation for fme was also awarded full credit if done successfiilly

(e) 2 points

For a correct approach to caleulating the frequency (for o) OR. the period and then 1 pomt
frequency of a mass-spring system

1 1 |k k
—=—,]— (ora=,—
4 T EfrJ; ¢ J;]
1 780 N{m 780 N/m
o RoRe @@ ‘J 0Kz
For a comect value of frequency (for o) consistent with the & value fom part (c) 1 point
f=1oHz (or =10 radfs)

(f) 21 points
For using conservation of energy setting spring potential energy equal to kinstic energy 1 pomt
ému: ébi:

i

v=,—A
]
780 N/m (005 m)
80kg
Fer a comrect calenlation of speed using the spring constant consistent with part {c) and the 1 point

comect displacement from eguilibrivm
v=049 mis (030 m/s using 800 N/m from part () )

(Global) 1 point

Fer correct umts on all mimenieal answer given and a reasonable mumber of digits in answers
(not awarded for blank papers or no mumerical answers)



