AP® PHYSICS B (Form B)
2007 SCORING GUIDELINES

General Notes About 2007 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 awarded.
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 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 and 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 rn/ s? 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 question 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 2
10 points total
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For at least two correct electric field lines in the right directions
For the lines going through the entire Region | from top to bottom
Note: A single line going from top to bottom could earn a maximum of 1 point.
(i) 2 points
For either of the first two equations below
quB = gE
v =E/B
v = (4800 N/C)/(0.12 T)
v =4.0x10* m/s
For the correct answer with units
(b) 2 points
2
_ mv
quB = p
For the correct equation for the radius
L
= 4B

For correct substitutions consistent with the answer to (a)(ii)
(6.68 x 107 kg)(4.0 x 10* m/s)

(32x107" ¢)(0.12T)
r = 0.070 m

r =
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Question 2 (continued)

Distribution
of points
(© 2 points
For indicating that the initial force is “Toward the bottom of the page” 1 point
For a correct justification indicating that the magnetic force (F; = quB ) decreases as 1 point
velocity decreases, while the electric force (F, = gE') remains the same, so Fp > Fj.
(d) 2 points
X X ;X X X X
RegionI | Region II
Patidle L X X | X X X X
Beam T . I X X X
I
X B X i X X X X
For the path in Region | being straight and horizontal 1 point
For the path in Region Il being a circular arc, curving downward 1 point
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2. (10 points)

A beam of particles of charge g = +3.2 10" C and mass m = 6.68 x 1072 kg enters region I with a range

of velocities all in the direction shown in the diagram above. There is a magnetic field in region I directed into
the page with magnitude B = 0.12 T. Charged metal plates are placed in appropriate locations to create a uniform
electric field of magnitude E = 4800 N/C in region L. As a result, some of the charged particles pass straight

through region I undeflected. Gravitational effects are negligible.

(2) '
i. On the diagram above, sketch electric field lines in region L.

ii. Calculate the speed of the particles that pass straight through region 1.
Jor the \;dag*? F ™ a st’-gH Ve, mé\jn€":'c e
ond electic force Mt Le given to the particke ' the
Some W‘b)““[’w’u , hat oppo site divecti wns

. = =& _ 4300pjC

The particles that pass straight through enter region II in which there is no electric field and the magnetic field
has the same magnitude and direction as in region I. The path of the particles in region II is a circular arc of
radius R.

(b) Calculate the radius R.

Wihaugr  eleckyic -Pdo\, +he {pﬁftdcs Yo ce e o"\j Magweﬁl( Lieftde .
These. WUl B do un‘r[t\wvv\ Civerlar mofiow .

Q —2b
o %y’E - R:Tﬁ\_{g___ &6ox10 kg X 40000 M/S
R ) Ct' 7 X‘O_M C X o >t

= 0.0Tm

GO ON TO THE NEXT PAGE.
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B2A

(c) Within the beam there are particles moving slower than the speed you calculated in (a)ii. In what direction

is the net initial force on these particles as they enter region I?

___Tothe left
To the right

Justify your answer.

Toward the top of the page

V' Toward the bottom of the page

Out of the plane of the page

Into the plane of the page

Qe these qarfides are poively chq»ggpl, they receive upoard magrefc £ pngl
gwonvaard elechic fore - IF yls amoller thon esoo mi<,
FesquB<FE=qE . Theebre they il wove favord the drechon Wich
dectric frce doad Lark | Lohidh 1S doward.

(d) A particle of the same mass and the same speed as in (a)ii but with charge ¢ = —3.2 x 107!° C enters
region 1. On the following diagram, sketch the complete resulting path of the particle.

1
X X 1 ox X |x x
Region I i Region I
Patticle L * X | X * X
- S—
Beam T .« Iox X x X
|
[
x By XX By «x
L
-7-

GO ON TO THE NEXT PAGE.
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B2B
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2, (10 points)

A beam of particles of charge g = +3.2 X 107" C and mass m = 6.68 x 107%° kg enters region I with a range

of velocities all in the direction shown in the diagram above. There is a magnetic field in region I directed into
the page with magnitude B = 0.12 T. Charged metal plates are placed in appropriate locations to create a uniform
electric field of magnitude E = 4800 N/C in region L As a result, some of the charged particles pass straight

through region 1 undeflected. Gravitational effects are negligible.

() '
i. On the diagram above, sketch electric field lines in region I.

ii. Calculate the speed of the particles that pass sFaight through region 1.
F:qv@ S:lﬂe F?E

=19
LS 3bwighs. '3.2;(45;(?&%041 =% 2xlo xqué
RS TASIRRIN,

e e e

s
NPRE: PRI
3200 w0 {

The particles that pass straight through enter region I1 in which there is no electric field and the magnetic field
has the same magnitude and direction as in region 1. The path of the particles in region II is a circular arc of
radius R.

(b) Calculate the radius R.

=
géw

\4

R'I—Oe.éqé

GO ON TO THE NEXT PAGE.
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B2B

(c) Within the beam there are particles moving slower than the speed you calculated in (a)ii. In what direction
is the net initial force on these particles as they enter region 17

To the left % Toward the top of the page Out of the plane of the page
To the right Toward the bottom of the 'page Into the plane of the page

Justify your answer,

A8 /n j !LA-C Pt 6 A {l /‘An p!l l/;v(o i
3

5

VXY R
——“—}}\K A X,
Y Y
(mh%?‘t&ﬁ)

(d) A particle of the same mass and the same speed as in ()i but with charge ¢ = —3.2 %107 C enters
region I. On the following diagram, sketch the complete resulting path of the particle.

I
]
: X
| gion IT
| x
Particle L '
Beam T |
cam x X X ox X x
|
i
x Bx Lo x By X
1

GO ON TO THE NEXT PAGE.
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B2C
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2. (10 points)

~ A beam of particles of charge ¢ = +3.2 X 107%° C and mass m = 6.68 x 10726 kg enters region I with a range

of velocities all in the direction shown in the diagram above. There is a magnetic field in region I directed into
the page with magnitude B = 0.12'T. Charged metal plates are placed in appropriate locations to create a uniform
electric field of magnitude E = 4800 N/C in region L. As a result, some of the charged particles pass straight

through region I undeflected. Gravitational effects are negligible.
(a)

i. On the diagram above, sketch electric field lines in region L.

ii. Calculate the speed of the particles that pass straight through region 1.
F - E % F‘:— &o\\/
E = Bv o .
N NN =
4o00=( 2 )V V=hioxio e

The particles that pass straight through enter region II in which there is no electric field and the magnetic field
has the same magnitude and direction as in region L The path of the particles in region I is a circular arc of
radius R.

T
(b) Calculate the radius R. F 'fﬁ-}—-’r F - %O\V
A

,Y.“r_:\f":%o\

528) (4nct _
(686" ) ) (220
8

= 010 .

GO ON TO THE NEXT PAGE.
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B2C

(c) Within the beam there are particles moving slower than the speed you calculated in (a)ii. In what direction
is the net initial force on these particles as they enter region 17

J

To the left Toward the top of the page Out of the plane of the page
To the right Toward the bottom of the page Into the plane of the page

Justify your answer.

Te eut-Uandh Rola

(d) A particle of the same mass and the same speed as in (a)ii but with charge g = -3.2 x 107" C enters
region I, On the following diagram, sketch the complete resulting path of the particle.
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GO ON TO THE NEXT PAGE.
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Question 2

Sample: B2A
Score: 9

The only deduction in this very clearly written response was the loss of 1 point for showing the path of the particle
curving in the wrong direction in part (d).

Sample: B2B
Score: 6

Parts (a) and (b) received full credit. In part (a) the student determines the electric force and then substitutes that
value into the equation for magnetic force, thus doing some extra numerical calculation. The final answer to

part (b) has a mistake in the placement of the decimal, but credit was awarded for correct substitutions and not the
actual numerical answer. Parts (c¢) and (d) both have incorrect directions and received no credit.

Sample: B2C
Score: 4

Parts (a)(ii) and (b) each received 2 points full credit for correct work and answers. The rest of the work received no
credit.
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