AP® PHYSICS B
2009 SCORING GUIDELINES

General Notes About 2009 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.

Generaly, double penalty for errorsis 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 awarded. One exception to
this may be cases when the numerical answer to alater part should be easily recognized aswrong, e.g., a
speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive 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 awarded. 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/s2 , but use of 10 m/s2 is

of course 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
guestion typically receive 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 6
10 points total Distribution of points
@ 2 points
For a meaningful attempt to use the equation f = c¢/4 1 point
f =(3.00x10° mys) /(550 x10° m)
For the correct answer, with correct units 1 point
f =55x10" Hz
(b) 3 points
For writing one or more equations that can be used to solve the problem 1 point
x=miL/d OR  dsind =ml and sind = x/L (or tand = x/L)
For indicating that the calculation is for the spacing between fringes, rather than the 1 point
position of a single fringe
AX = AmiL/d
Adjacent fringes means Am =1
Ax = AL/d
For correct substitutions into the correct expression 1 point
Ax = (550 x10™° m)(2.2 m) /(1.8 x 107° m)
Ax = 0.067 m
(© 2 points
For indicating that the frequency is the same as in part (a) 2 points

f =5.5x 10" Hz

Note: If there was no answer in part (a) and a calculation was done in this part, the
scoring guideline for part (a) was applied.

(d) 3 points
For correctly indicating that the fringe spacing decreases 1 point
For indicating in the explanation that the wavelength decreases 1 point
For indicating in the explanation that Ax is proportional to the wavelength 1 point
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B-6A
6. (10 points)

In a classroom demonstration, a beam of coherent light of wavelength 550 nm is incident perpendicularly
onto a pair of slits. Each slit has a width w of 1.2 x 1076 m, and the distance d between the centers of the
slits is 1.8 x 10> m. The class observes light and dark fringes on a screen that is a distance L of 22m
frorp the slits. Your notebook shows the following setup for the demonstration.
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Note: Figure not drawn to scale.

(a) Calculate the frequency of the light. 0
v EN o 20010 ™ EF 6. u55 x 10" hz \

_ N
€=/ S50 x 1071 m
£= S/
(b) Calculate the distance between two adjacent dark fringes on the screen.
Y = M AL
™M

P L(SSO »10”9m)(2-2 M)
1.% 0 °m

The entire apparatus is now immersed in a transparent fluid having index of refraction 1.4.

(c) What is the frequency of the light in the transparent fluid?

'The fTeq/Uen(\j of e li(ﬁ\rdr Wil remain
the  same, ' g yss x \O™ He.

(d) Does the distance between the dark fringes increase, decrease, or remain the same?

_ Increase _~/ Decrease @ __ Remain the same

Explain your reasoning.

N the \guid, the  wavelengtn of ihe \i(ah-‘r
will  decrease, \f’aclir\cj the distance between

the frinoes of \igh’r to be closer mae*\xe\r
as in aqe equation X x MNAL
d A
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B-6B
6. (10 points)
In a classroom demonstration, a beam of coherent light of wavelength 550 nm is incident perpendicularly
onto a pair of slits. Each slit has a width w of 1.2 X 107® m, and the distance d between the centers of the
slits is 1.8 x 10™ m. The class observes light and dark fringes on a screen that is a distance L of 2.2 m
from the slits. Your notebook shows the following setup for the demonstration.

Id
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Note: Figure not drawn to scale.

(a) Calculate the frequency of the light.

U/"Cf a)
(3x(08)= £ (s50¥(%

F-5.u5x(0't H=Z

(b) Calculate the distance between two adjacent dark fringes on the screen.

Km = h%é’ W 04/""1,-
~ 0.6 (550x (0 D(2-2) - 1.5 (FGoxto ) (22)
i . xc0-% S s Ty e
-~ 0.09%6m = 0.100% m

(0 (o0& )-( 0.0 &) = ope72 ™

The entire apparatus is now immersed in a transparent fluid having index of refraction 1.4.
(c) What is the frequency of the light in the transparent fluid?

,F 5#5){(0”*}-’/2

(d) Does the distance between the dark fringes increase, decrease, or remain the same?
v Increase Decrease Remain the same
Explain your reasoning.

Tle : mm€"5}0’1 ol ./11 % ﬁmra/—u) rnfy o f‘f/'uf’hd
g 't 4 9[{ atecy r’féla{ Cﬂlrh@o“" _ Ca 1S S ‘}LL-f 5/:‘[5
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B-6C

In a classroom demonstration, a beam of coherent light of wavelength 550 nm is incident perpendicularly
onto a pair of slits. Each slit has a width w of 1.2 x 107® m, and the distance d between the centers of the

6. (10 points)

slits is 1.8 x 10~ m. The class observes light and dark fringes on a screen that is a distance L of 2.2 m
ffom the slits. Your notebook shows the following setup for the demonstration.
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Note: Figure not drawn to scale.

(a) Calculate the frequency of the light.
'F L, C 2 5 505( lo m

—

A C =3.00 K(¥mls

_ 3.00 K0 Sups_ m
£- 556Kfo‘}l\] s HBKID Hj

(b) Calculate the distance between two adjacent dark fringes on the screen.

3 _mil A= 1L&XIPm
" 1> 5.50X10 'm
Xm“" L = 2,2 e
Wy
(5.5&:0‘7) ('{_l)
Xm ~ (78 X0 3/

Xon ~ 067 m |

The entire apparLtus is now immersed in a transparent fluid having index of refraction 1.4.

(c) What is the frequency of t(l%e light in the transparent fluid?
h=S X hzlY ) 550 nm
i 2 moﬁ,fs

V= -FAZ 55;(“) 23 X0 q/‘IZ

(d) Does the distance between the dark fringes increase, decrease, or remain the same?

Increase Decrease v Remain the same

Explain your reasoning.

ﬂm_ Aiskance  hohween fhe 41“‘“@"’5' e lies on the quflijh' The
Nm&lqnjﬂ\ of |Jh+ ne wer Chuﬂgﬁﬁ Jo The dislance el wad
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Question 6
Overview
This question probed students’ comprehension of optical waves and two-source (Young's) interference.

Sample: B-6A
Score: 9

The response earned all available points except in part (b), where there is no explicit indication of the use of
Am and 1 point was lost. In part (d) the student nicely uses the equation from part (b) to establish the
proportionality between spacing and wavelength.

Sample: B-6B
Score: 7

The responses to parts (a), (b), and (c¢) are correct and earned the maximum 7 points for those parts. Note that
in part (b) the student calculates the positions of the first and second dark fringes and then subtracts to find
the spacing. Part (d) is incorrect and earned no points.

Sample: B-6C
Score: 4

In part (a) the response earned both points. Part (b) lost 1 point because there is no explicit indication of the
use of Am . The errors in parts (c) and (d) both depend on the incorrect assumption that the wavelength
remains the same, so these parts earned no points.
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