AP® PHYSICS B
2006 SCORING GUIDELINES (Form B)

Question 6

10 points total

(a)

(b)

(©)

(d)

(e)

1 point

For a correct expression for kinetic energy
K = mv? / 2

Note: This point was only awarded if no extraneous energy formulas were used.
2 points

For using the correct expression for de Broglie wavelength

A=h/p

For the correct answer in terms of the given quantities

A = h/mv

2 points

For a correct expression for the total energy of the electron and positron

E, = 2(m1)2/2 + mcz)
Can also add that since v << ¢, E, ; = 2mc?
The two photons share this energy equally.
For the correct answer

2 2 2
Ephomn = mv /2 +mc~ OR Ephomn = mc
3 points

For using the given expression for the photon energy

Ephoton = hf
For expressing the energy in terms of the wavelength
J =¢/A 50 Epppn = hcf2

Substituting the energy obtained in part (c)
mv?/2 + me® = he/A  OR  mc® = he/A
For the correct answer

A =2hef(mv* +2mc*)  OR A = hjme

2 points

For any indication that conservation of momentum applies

For a correct explanation of why conservation of momentum requires two photons
Example: since the total momentum of the electron and positron was zero, the total

momentum of the products must be zero. Since a photon cannot have zero
momentum, two photons traveling in opposite directions are required.

Note: Only 1 point total was awarded for attempts to explain using Newton’s third law.
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B6A,

. (10 points)

An electron of mass m is initially moving with a constant speed v, where v << c. Express all algebraic
answers in terms of the given quantities and fundamental constants.

(a) Determine the kinetic energy of the electron.

k=g,

(b) Determine the de Broglie wavelength of the electron.

mv-

The electron encounters a particle with the same mass and opposite charge (a positron) moving with the same
speed in the opposite direction. The two particles undergo a head-on collision, which results in the disappearance
of both particles and the production of two photons of the same energy.

(c) Determine the energy of each photon.

Efi lEZ Z’YY\CL

GO ON TO THE NEXT PAGE.
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B6A,

(d) Determine the wavelehgth of each photon.

=k (oERpe)

(e) Explain why there must be two photons produced instead of just one.

Conselr\locﬁbvx OF Promenturn
2D Twrtal  mementum =0

D Final  momentum  must be Zero.
Tkw/ T-F H\-Wef} or& one TroVing
yl‘ov‘w\, T+ dbeswt ;crh?ﬁ Hhe
mservatin of mementumn,
7’]/’“'5/ 7LWD /vlwﬂ‘ij m(//),} Dfo'(jﬁée
JWQCHZ’K Must be /akoc[u.ce,o/,

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

B6B,

An electron of mass m is initially moving with a constant speed v, where v «<c. Express all algebraic

answers in terms of the given quantities and fundamental constants.

(a) Determine the kinetic energy of the electron.
R\

(b) Determine the de Broglie wavelength of the electron.

The electron encounters a particle with the same mass and opposite charge (a positron) moving with the same
speed in the opposite direction. The two particles undergo a head-on collision, which results in the disappearance

of both particles and the production of two photons of the same energy.

© Detemnnc the energy of each photon.
ek

E = ™G . |
(rE- '._ 1‘”\9 (%m@

o
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GO ON TO THE NEXT PAGE.
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B6B,
(d) Determine the wavelength of each photon. o

c~ BX ek ame (3.0 RiPm) "+ \(\Q
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{e) Explain why there must be two photons produced ins
TRLre MET 02, kyos DIETONT ROWMNLL %M \
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GO ON TO THE NEXT PAGE.
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B6C

{
6. (10 points)

An electron of mass m is initially moving with a constant speed v, where v << c. Express all algebraic
answers in terms of the given quantities and fundamental constants. '

(a) Determine the kinetic energy of the electron.

W= (,/1 mv®

(b) Determine the de Broglie wavelength of the electron.

>4
h (.63 X0 )
L T

The electron encounters a particle with the same mass and opposite charge (a positron) moving with the same
speed in the opposite direction. The two particles undergo a head-on collision, which results in the disappearance
of both particles and the production of two photons of the same energy.

(c) Determine the energy of each photon.

\ gz!_&mﬁﬁ—*' =

o £ :6,= 0 GO ON TO THE NEXT PAGE.
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B&Cm

(d) Determine the wavelength of each photon.

\y

N

. = >0
-’ (If = 4 7[ - 0 .
. / 2
(e) Explain why there must be two photons produced instead of just one.
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GO ON TO THE NEXT PAGE.
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AP® PHYSICS B
2006 SCORING COMMENTARY (Form B)

Question 6

Sample: B6A
Score: 10

In part (d) the student begins with the equation A = &/ p instead of a relationship involving energy and then
makes correct substitutions to obtain the final answer.

Sample: B6B
Score: 6

This student earned full credit for parts (a) and (b) but no credit for part (c), where the energy of the particles is
not correct. Part (d) earned full credit for correct work using the incorrect answer form (c). In part (e) the student
tries to use an energy argument instead of momentum and received no credit.

Sample: B6C
Score: 3

Full credit was earned for parts (a) and (b), but no other credit was received. The student appears to be discussing
massive particles (using the word “protons” near the end of part (c)) instead of photons.
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