AP® PHYSICS
2011 SCORING GUIDELINES (Form B)

General Notes About 2011 AP Physics Scoring Guidelines

The solutions contain the most common method of solving the free-response questions and the
allocation of points for this solution. Some also contain a common alternate solution. Other methods of
solution also receive appropriate credit for correct work.

Generally, double penalty for errors is avoided. For example, if an incorrect answer to part (a) is
correctly substituted into an otherwise correct solution to part (b), full credit will usually be earned.
One exception to this may be cases when the numerical answer to a later part should be easily
recognized as wrong, e.g., a speed faster than the speed of light in vacuum.

Implicit statements of concepts normally earn credit. For example, if use of the equation expressing a
particular concept is worth one point, and a student’s solution contains the application of that
equation to the problem but the student does not write the basic equation, the point is still earned.
However, when students are asked to derive an expression it is normally expected that they will begin
by writing one or more fundamental equations, such as those given on the AP Physics exam equation
sheet. For a description of the use of such terms as “derive” and “calculate” on the exams, and what is
expected for each, see “The Free-Response Sections — Student Presentation” in the AP Physics
Course Description.

The scoring guidelines typically show numerical results using the value g = 9.8 m/ s? , but use of

10 m/ s? is also acceptable. Solutions usually show numerical answers using both values when they
are significantly different.

Strict rules regarding significant digits are usually not applied to numerical answers. However, in
some cases answers containing too many digits may be penalized. In general, two to four significant
digits are acceptable. Numerical answers that differ from the published answer due to differences in
rounding throughout the question typically earn full credit. Exceptions to these guidelines usually
occur when rounding makes a difference in obtaining a reasonable answer. For example, suppose a
solution requires subtracting two numbers that should have five significant figures and that differ
starting with the fourth digit (e.g., 20.295 and 20.278). Rounding to three digits will lose the accuracy
required to determine the difference in the numbers, and some credit may be lost.
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Question 3
15 points total Distribution
of points
(a) 2 points
For a correct relationship relating fto v and A4 1 point
v=fA

f=v/A,where v=c

f=(3x10° m/s)/(2.4><10_2 m)

For the correct answer with units 1 point
£=1.25x%10" Hz

(b) 4 points

Intensity
4

-0.3 02 0.1 0 0.1 0.2 0.3
x {m)

The position of the maxima on the screen for a double-slit interference pattern is found
mAL . . . . . .
from x,, = 7, where L is the distance to the screen, d is the slit separation, 4 is

the wavelength, and m is an integer.
To calculate the distance from the central maximum to the first secondary maximum, let

m=1.
(1)(24x107 m)(2.5 m)
Xy = =030 m
0.20 m
For the graph symmetric with multiple peaks 1 point
For the central maximum at x =0 1 point
For the first secondary maximum at either side at x =20.3 m 1 point
For a reasonable curved shape with minima about halfway between the central and the 1 point

first secondary maxima
Relative heights of the peaks are not considered in the scoring of this question because
that was considered in part (c).
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Question 3 (continued)

Distribution
of points
(o) 3 points
I x=000m 3 x=0.15m 2 x=030m

For recognition that the intensity is greatest at x = 0.00 m 1 point
For recognition that the intensity is least at x =0.15 m 1 point
For a correct justification of the correct answer 1 point
Example: At x = 0.00 m, constructive interference between the light from the two slits

arriving in phase results in a central maximum of greatest intensity. At x=0.15m,

destructive interference between the light from the two slits arriving 180° out of

phase (1/2 wavelength apart) results in a dark fringe of minimum intensity. At

x =0.30 m, constructive interference also occurs, but the double-slit pattern is

modulated by the single-slit pattern so that the first bright fringe is not as bright (has

less intensity) than the central maximum.

(d) 3 points
Intensity
A
0.3 -0.2 0.1 0 0.1 0.2 0.3
x (m)
. mAL - .

In the equation x,, = for the positions of the maxima, x,, << A, so when the

wavelength is reduced to 4/3, the distance of each maxima from the center is 1/3

the previous value.
Form=1, x,,, =(0.30 m)/3=0.10 m
For drawing more maxima than drawn in part (b) 1 point
For showing the maxima at distances from the center that are 1/3 the distances shown in 1 point

part (b) (with 0, £0.1, £0.2, and £0.3 m being the actual correct values)
For the maxima decreasing in height with increasing distance from the center 1 point

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP® PHYSICS B
2011 SCORING GUIDELINES (Form B)

Question 3 (continued)

Distribution
of points
3 points
Intensity
[
x (m)
The position of the minima on the screen for a single-slit interference pattern is found
mAL . . . . .

from x;, = T , where L is the distance to the screen, d is the slit separation, 4

is the wavelength, and m is an integer greater than 0.
The distance between successive minima is given by
2L (080x107 m)(2.5m)
—— = =0.10m

d 0.20 m

For showing minima at £0.1,£0.2,£0.3 m 1 point
For the correct curved shape with maxima about midway between successive minima 1 point
For maxima that decrease in height with increasing distance from the center (The actual 1 point

relative heights of the maximum were not considered in awarding this point as long
as the heights decreased with distance.)
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f 0.60 m
Screen

4

25m

Double Slits

'~ Microwave
Source .

Note: Figure not drawn to scale.

3. (15 points)

A microwave source is placed behind two identical slits, as represented in the diagram above. The slit centers are
separated by a distance of 0.20 m, and the slit widths are small compared to the slit separation but not negligible.

The microwave wavelength is 2.4 X 1072 m. The resulting interference pattern is centered on a screen 0.60 m
wide, located 2.5 m from the slits.

(a) Calculate the frequency of the microwave radiation.
AP 5=5

= BxoMfs - _ 0'"Hz
gy = 29%00 Hz .

(b) On the graph below, where the x-axis represents the distance along the screen and x = Q represents the
center of the pattern, sketch the intensity of the interference pattern expected for that arrangement.

Intensity dsne = md
[
| 1 When Mf-l,
1 re
! L Se=g =0.2
I |
I I
; P x=(25m) tand
I I
1 I
03 02 01 0 01 02 0.3
x (m)

(c) Consider points on the screen located at x = 0.00 m, x = 0.15 m, and x = 0.30 m. Rank the intensity at those
points from highest to lowest, with number 1 corresponding to the highest intensity. If two points have equal
intensity, give them the same ranking.

x=0.00m 3 x=0.15m Z x=030m

. R

Justify your ranking.
Maiomam brightaess occus ok the centie OF 4 patteri Sinee i NS stfuttive teiSelence .
Fm caleulations in (b), naet bfight i is &t Y= 0.302(84 m, which is Very dose. p the
end of He screen bt (at yer (eaching Maximum, +hus 16 a bit less Wensity: At x=0.5m
thefe (s destuctive iterSelente , and intensity s much , much lower.

GO ON TO THE NEXT PAGE.
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(d) Suppose the microwave wavelength is decreased by a factor of three, to 0.80 x 1072 m . Sketch the resulting
interference pattern below.

Intensity dsing=m)
4

When m=_,
Sinf = -ﬁ—
= 0.04
-0 = g (004m) , w012, .
WK Sp ptigo
X=(25m)4an(6)
= 0,10/m, t0.2m, .,

0.1 0.2 0.3
x (m)

(e) Suppose the material separating the two slits is removed so that there is now one slit approximately 0.20 m
in width. The wavelength is held at 0.80 x 1072 m . Sketch the resulting diffraction pattern below.

Intensity

¥ R —p————— Y

0.1 0.2 0.3

x (m)

Apatt Stomn Cenifal bright Sringe., all consiuctive imefference i (d) is now destructie.
DisStaction also gieatly lowess Itensity as distane incledses oM cefitral §tinge..

GO ON TO THE NEXT PAGE.
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Note: Figure not drawn to scale.
3. (15 points)

A microwave source is placed behind two identical slits, as represented in the diagram above. The slit centers are
separated by a distance of 0.20 m, and the slit widths are small compared to the slit separation but not negligible.

The microwave wavelength is 2.4 x 10 m. The resulting' interference pattern is centered on a screen 0,60 m
wide, located 2.5 m from the slits.

(a) Calculate the frequency of the microwave radiation.
%
- ’3 Nolok SV 1O
.0 x © —_—

(b) On the graph below, where the x-axis represents the distance along the screen and x = 0 represents the
center of the pattern, sketch the intensity of the interference pattern expected for that arrangement.

Intensity
[

0.2 0.3

x (m)

(c) Consider points on the screen located at x = 0.00 m, x=0.15 m, and x = 0.30 m. Rank the intensity at those

points from highest to lowest, with number 1 corresponding to the highest intensity. If two points have equal
-intensity, give them the same ranking. .

1 x=0.00m L _x=015m 2 x=030m
Justify your ranking.

GO ON TO THE NEXT PAGE.
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(d) Suppose the microwave wavelength is decreased by a factor of three, to 0.80 x 1072 m . Sketch the resulting
interference pattern below.

Intensity

S,

(e) Suppose the material separating the two slits is removed so that there is now one slit approximately 0.20 m
in width. The wavelength is held at 0.80 x 1072 m . Sketch the resulting diffraction pattern below.

Intensity
A

o

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

3. (15 points)
A microwave source is placed behind two identical slits, as represented in the diagram above. The slit centers are
separated by a distance of 0.20 m, and the slit widths are small compared to the slit separation but not negligible.

The microwave wavelength is 2.4 X 107> m . The resulting interference pattern is centered on a screen 0.60 m
wide, located 2.5 m from the slits.

(a) Calculate the frequency of the microwave radiation. V _FA , oYt = & p) Y Np-‘?/)

7[% L= 1) 1"

(b) On the graph below, where the x-axis represents the distance along the screen and x = 0 represents the
center of the pattern, sketch the intensity of the interference pattern expected for that arrangement.

Intensity

ﬂ o

x(m)

(c) Consider points on the screen located at x =0.00 m, x = 0.15 m, and x = 0.30 m. Rank the intensity at those
points from highest to lowest, with number 1 corresponding to the highest intensity. If two points have equal
inten Ity give them the same rankmg

x=0.00m 015111 ) x= 030m S

Justify your ranking. '\%

GO ON TO THE NEXT PAGE.
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(d) Suppose the microwave wavelength is decreased by a factor of three, to 0.80 x 107 m . Sketch the resulting
interference pattern below.

Intensity
[

-0.3 0.2 0.1 0 0.1 0.2 0.3
x (m)

(e) Suppose the material separating the two slits is removed so that there is now one slit approximately 0.20 m
in width. The wavelength is held at 0.80 X 1072 m . Sketch the resulting diffraction pattern below.

Intensity
J

-0.3 0.2 -0.1 0 0.1 0.2 0.3
x (m)

GO ON TO THE NEXT PAGE.

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP®PHYSICS B
2011 SCORING COMMENTARY (Form B)

Question 3

Sample: B3A
Score: 14

This solution includes all the required components and demonstrates a strong understanding of diffraction.
The justification in part (c) is correct given the student’s position for the first fringes. Part (d) did not earn

1 point because it does not indicate that the amplitudes of the peaks decrease as the distance from the
center of the pattern increases.

Sample: B3B
Score: 8

Part (a) earned full credit. Part (b) and part (c) earned 1 point for a central peak. No other points were earned
even though the ranking agrees with the graph because no justification for the shape of the graph was given.
Part (d) earned 1 point for indicating that there would be more peaks. Part (e) earned full credit.

Sample: B3C
Score: b

Part (a) earned 1 point for the correct equation, but the answer is incorrect. Part (b) earned 3 points but does
not have the second peaks at £0.3m. Part (c) earned 1 point for recognizing the greatest intensity at x = 0. No
other points were earned, even though the ranking agrees with the graph, because the justification does not
explain the decreasing height of the peaks. Parts (d) and (e) earned no credit.
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