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 6

10 points total

(a)

(b)

(©)

3 points

For use of correct equation AE = hc/A relating transition energy to wavelength

3
= 1.24 107 eVenm =3.1eV (or 5.0x107" J using Ac expressed in Jem )

B 400 nm
1.24x10° eVe _
AE, = 124>107 eVenm ¢ v (or 2.8%1071% 1)
700 nm

For recognition that AE, = AEg + AE
AE,=3.1eV+1.8eV=49¢eV (or 7.8x107"7 J)
24 =he/AE, =(124x10° eVenm) /4.9 eV

For a correct answer with units
A4 =253 nm (or 255 nm using values in J)

The first two points could also be earned for derivation or recall of the relationship

L = L+L , which gives a value of 255 nm.
Ar A Ac
2 points

For application of the photoelectric equation to the photon emitted during transition B
Kmax :hf_¢:AEB_¢
Ky =316V =246 eV (or 5.0x107'% J=(2.46 eV)(1.6x107"° J/eV))

For a correct answer with units
K, =064 eV (or 1.06x107" J)

3 points

For use of the relation 1 =h/p that relates de Broglie wavelength to momentum

For use of K = p2/2m OR p=mv and K:mv2/2
Solving for p

p=+2mK_,,

Substituting this expression for p into the equation for 1 above

A=h/\2mK

For correct substitutions including the value of K,  from part (b)

2=(6.63x107* Jus) / \/2(9.11><10‘31 kg)(0.64 eV)(1.6x10™ J/eV)

2=1.54x10" m=154nm (or 151 nm using K, =1.06x107" J)
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Question 6 (continued)

Distribution
of points
2 points
For an answer consistent with part (a) 1 point

The correct answer is “A only” if part (a) was worked correctly. If part (a) was not

worked correctly, the answer must be consistent with the values calculated in (a),

unless the values were correctly recalculated.
For an appropriate justification 1 point
Example: From part (a) AE, = 4.9 eV . This energy is large enough to overcome the

2.46 eV work function, so electrons will be ejected from the metal. From part (a)
AE- =1.8 eV . This energy is not large enough to overcome the 2.46 eV work

function, so electrons will not be ejected from the metal.

The justification point could also be earned by

(1) calculating the longest wavelength photon (505 nm) that could eject an electron from
a metal having the given work function and comparing it with the wavelengths of
the two transitions 4 and C, OR

(2) calculating the smallest frequency photon (5.95 % 10" Hz ) that could eject an
electron from a metal having the given work function and comparing it with the
frequencies of the two transitions 4 and C.
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6. (10 points)
The figure above shows the energy-level diagram for a hypothetical simple atom. The wavelength of the
radiation emitted when an electron undergoes transition B is 400 nm, and for transition C it is 700 nm.

(a) Calculate the wavelength of the radiation emitted-when an electron makes transition A. _

e [.L> X0 X3.0x(0®
Ea = =

ne _ 1
& %00}(&0“_ = AR
- 6.b3xto N x 3.0x10f T
O X\0~

EA— - EB'\' Ec :k%/ot? ‘[’Zé"{:) )(to“w
| T Tl xwotN g

The photon emitted during transition B is then incident on a metal surface of work fun@: 246 eV
(b) Calculate the maximum kinetic energy of the electron ejected from the metal by the photon.

K’E—m& - \'\’g’ - @
= E% - e? -\4
= 0.7 )L‘\O"\‘t — L gb L\'L’X\O )

= \Od\' x‘lof\'\ J
/

(c) Calculate the de Broglie wavelength of the ejected electron.
h 2
X = g K Ehx: ji- W

= lx \"0(]{)(10"1/ Q-\\K\O-;\\
p=

Ve 47% X lOc m/s
pe A IO q 7gx0° = 8.3 5x10°%F

L Xx07F a
A= 652 = 5200 " W

— s |
(.35X\0 /

GO ON TO THE NEXT PAGE.
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(d) Photons emitted during which of transitions A and C, when incident on the metal surface, will also result in
electrons being ejected from the metal?

!A only ____ Conly ____ BothAandC ___ Neither A nor C

Justify your answer.

Winionam ~ eneny N{,\ﬁ*ﬂ ko ede oleehon Fram weld]

G y
Cb: LCJ(G;U‘%K(O )
5 .04x\0J
14 77 %.O&CW\LOA&J

- -8 X0
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GO ON TO THE NEXT PAGE.
-15-
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. (10 points)

The figure above shows the energy-level diagram for a hypothetical simple atom. The wavelength of the
radiation emitted when an electron undergoes transition B is 400 nm, and for transition C it is 700 nm.

(a) Calculate the wavelength of the radiation emitted when an electron makes transition A.

=hf = =a%
E,=\ﬂ%t E v B 2
~3%, (3:00x0%) = h %
e Pt h A,
= ¥-973 v o~ 2." = _' 225 4%- S’n.lﬂ
‘h...‘--..
E(, ac. c'v"’ 15_5-ﬂl'n
=2-%ulyvio~"

= 63 '\'E‘ = 7.9\ x {0'"
The photon emitted during transition B is then incident on a metal surface of work function 2.46 eV.
(b) Calculate the maximum kinetic energy of the electron ejected from the metal by the photon.

Kmay =h¥ - ¢

= Ee_ — 2-46
e
_ 7*9’“}'\((0'“

l-bokiore 2-%6

h

L. ﬂ'ﬁc - 2- "f‘6 2 L"le.yr

= 32-87x10” J'
(c¢) Calculate the de Broglie wavelength of the ejected electron.

- _h
Mm E=pPC A=z

- &
A = N _ he :I[Q-irS‘K(.O'“J('K-OO\CIO')
('E') E T 32-87x0o™'?

=~ gWh Skt
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GO ON TO THE NEXT PAGE.
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(d) Photons emitted during which of transitions A and C, when incident on the metal surface, will also result in
electrons being ejected from the metal?

i A only — Conly — BothAand C __ NeitherAnor C

Justify your answer.

LY
(p = 1.-4beV = 7-4gx(1-60%x10 )
= 3-936 x o'y

(7-9*%“)6“ > @

Crnedg, 4 &
e ok Lockion 3 M anergy g ained for  elctrons to 2 gjocted
From Yo wek suclou. On[\/ ghobons From HeansiFion B nas enough
Cregy Yo be epected oo 1 e meka suda,

GO ON TO THE NEXT PAGE.
-15-
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6. (10 points)
The figure above shows the energy-level diagram for a hypothetical simple atom. The wavelength of the
radiation emitted when an electron undergoes transition B is 400 nm, and for transition C it is 700 nm.

(a) Calculate the wavelength of the radiation emitted when an electron makes transition A.

i 4 A a2 400mm 4 0 a9
(7 T > K0 wn (oop)

The photon emitted during transition B is then incident on a metal surface of work function 2.46 eV.
(b) Calculate the maximum kinetic energy of the electron ejected from the metal by the photon.
Ez &+ Kum

"h‘{‘z @+ Koox 4
i w@_nm"eﬂ-}w?'““n’” 2 2.ubeN

K ARy (40r 15 W)
> 0.elbeN
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(c) Calculate the de Broglie wavelength of the ejected electron.

>
A P ( ' (.-b;sfb'” Js
. (ﬁ#h’“ﬁ,}(‘-‘ff ¥ l'-’ x |-60 F'O’" 3)

= 7.05205x10"
~ .
% 1.05%0 " m (3;1‘.)

GO ON TO THE NEXT PAGE.
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(d) Photons emitted during which of transitions A and C, when incident on the metal surface, will also result in
electrons being ejected from the metal?

____ Aonly — Conly ;/BothA and C ___ Neither Anor C
Justify your answer.

he
E=x
he . &
o
4 n0 r)l-sii-.l:ﬂ wa™) T B
Amax ® 1-92 553 %10 m

= (3we [92x 10 (354
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GO ON TO THE NEXT PAGE.
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Question 6

Sample: B6A
Score: 9

All aspects of this response clearly demonstrate the student’s understanding. The only point not earned
was for not finding the wavelength in part (a).

Sample: B6B
Score: 6

Parts (a) received full credit. Part (b) used the wrong energy transition and earned no credit. Part (c) earned
1 point for recognizing the de Broglie relationship, but no other credit was earned. Part (d) earned full
credit.

Sample: B6C
Score: 3

Part (a) received no credit. Part (b) received full credit. Part (c) earned 1 point for recognizing the
de Broglie relationship, but no other credit was earned. Part (d) earned no credit.
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