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 5

15 points total

(a)

(b)

L

ii.

3 points

For the correct identification of the magnetic force on the positively charged particles as
they enter region 1
Fy = quB,, directed toward the bottom of the page

For the correct identification of the electric force on the positively charged particles as
they enter region 1
Fy = qE , directed toward the top of the page

Fo=>F=gE—quB=ma

For the particle to move at constant velocity, a =0

For the correct application of Newton’s laws to obtain the equation needed to relate the
speed of the particles to the electric and magnetic field strengths

qgE—quB, =0

v=E/B,

2 points

For selecting “It curves toward the bottom of the page.”
For an appropriate explanation

Example: The electric force Fy; = gE , directed upward, is the same for all speeds of the
particle. However, the magnetic force Fy = quB,, directed downward, increases

with increasing speed. Therefore if the speed of the particle is greater than that in
part (a)i, then Fy > F . The resultant force on the particle as it enters region 1 is

toward the bottom of the page, causing the particle to curve in that direction.
The justification point could be earned only if the correct answer was selected.

2 points

Fy =quB,
For correctly substituting v = E/B, from part (a)i
EB
Fy= q&by
B

For correctly indicating that the direction is up or toward the top of the page
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Question 5 (continued)

Distribution
of points
(©) 2 points
For including in the description that the force is constant 1 point
For including in the description that the direction changes 1 point
Example: The magnitude Fyz = quB, does not change because the particle is in a
constant magnetic field B, and the angle between the velocity and magnetic force
remains constant at 90° . But as the particle curves the direction of its velocity
changes, and the direction of the magnetic force also changes because it remains
perpendicular to the velocity vector.
(d) 2 points
For an appropriate description that includes a statement that the path is circular 2 points
Example: When the particle is in region 2, it moves toward the top of the page in a
circular arc.
An explanation saying only that the path curved upward earned only 1 point.
One earned point was deducted for any incorrect statement. For example, “circular, out
of the page” earned only 1 point.
(e) 4 points
For indicating that the net force provides the centripetal acceleration 1 point
2
mv
Fnet = R
For indicating that the net force is due to the magnetic field 1 point
F net — qUBZ
2
mv
quB, = T
Substituting v = 2 from part (a)i
1
2
mkE
quB, =——
R B;
For the correct answer 1 point
g E
m  B/B,R
For stating that R, a previously undefined quantity, is the radius of the circular arc in 1 point

which the particle moves when in the magnetic field B,
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Radioactive
Source +q

+++++++++H+++ 4+
Region 1

. (15 points)

The diagram abov, illustrates a velocity selector, labeled region 1. It consists of two parallel conducting

plates, with charges on the plates as indicated creating an electric field of magnitude E directed toward the

top of the page. A uniform magnetic field of magnitude B, directed out of the page exists between the plates.
The magnitude of the magnetic field can be adjusted so that only particles of a particular speed pass through the
selector in a straight line. A radioactive source to the left of the selector emits charged particles, each having the
same charge +¢ and moving to the right in the plane of the page. The effect of gravity can be neglected
throughout the problem.

(a)
i. Derive the equation v = E/B, for the speed v of particles that move in a straight line through
region 1. F‘B: cv,-B,s?nQ , SN0 |=)| . pewnward |
Fo= 4B , =2

Prvde mwve (A a Stright Ine '*FB’F{;,.
fo-A/%==d =T o0k

“ V=€ |,

V=%

It n

ii. Some particles are emitted from the source with speeds greater than E/B, . Which of the following
describes the initial path of one of these particles immediately after entering region 1 ?

It curves toward the top of the page. \/_ It curves toward the bottom of the page.
It curves into the page. It curves out of the page.

It moves in a straight line.

Explain your reasoning. ney

z‘% Ve ""‘E 4hen F-B=1'VB, ﬁ-> FE:QJE ,A‘?”DQL b‘ih‘:ﬂ-— |"‘°d“d"1
' ' dowh .
ord e ol d caus‘es 4o ?asm;.,l.t rerged ?al"\'?é\i ‘o Mot v
- ek
fe-E>0, FeV Fe b ner .

GO ON TO THE NEXT PAGE.
-12-
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B5A p2

A constant magnetic field of magnitude B, directed into the page is now added in region 2 to the right of

region 1, as represented in the figure below. Suppose a particle leaves the radioactive source, travels through
region 1 in a straight line, and enters region 2. For each of the following, express algebraic answers in terms
of E, B;, B,, g, and fundamental constants, as appropriate.

- . . X X X X X X x X X
‘B . X X X X X X xp X *
1 2
- b4 x X b4 X x x x x
A — L X X X X X X X X x
+q- . AU
. ) . X X X X X X X X %

* . . . - b9 X » b 4 o X o x X
tH++++t 4
Region 1 Region 2

(b) Determine an expression for the initial magnetic force on,the particle in region 2 and state its direction.

G BB 485N, sne < |

zq(g)Bs.
%
= q,E‘B""‘

VivectoO) = upvard .
(c) Describe the changes, if any, in the magnitude and direction of the magnetic force as the particle moves

in region 2. TLL F\ﬂa‘“w 4 e mgne‘c-r. 'QE{ focw pamalng  anstont , bu

e dree ¢ e mapetz felorce Jungec adlt=Sor TG %
Lownte~cloduS e Manness, Complaf-cladborie

(d) Describe the path of the particle in region 2.

e postidle Aowtls 0 o0 Lourtes ~dedcwne (ar meten 00 1990 2

(e) Derive an expression for the charge-to-mass ratio g/m of the particle. Specifically note any quantities not
previously defined that are included in your ansyer.

Q.
: —_ (ALY
FB:‘ %E-ﬁ_\"‘ A
_ (ENT, /-8
jrvT.:' &p) ‘:(5%7‘) ==
= &
BBy

GO ON TO THE NEXT PAGE.
-13-
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Radioactive
Soul'ce +q

+++++++++r++++
Region 1
5. (15 points) -

The diagram above illustrates a velocity selector, labeled region 1. It consists of two parallel conducting
plates, with charges on the plates as indicated creating an electric field of magnitude E directed toward the
top of the page. A uniform magnetic field of magnitude B, directed out of the page exists between the plates.

The magnitude of the magnetic field can be adjusted so that only particles of a particular speed pass through the
selector in a straight line. A radioactive source to the left of the selector emits charged particles, each having the
same charge +¢ and moving to the right in the plane of the page. The effect of gravity can be neglected

throughout the problem.
(a)
i. Derive the equation v = E/B, for the speed v of particles that move in a straight line through
region 1.
Yo Fe
=& % ~9E
B=5 2%
RrqpRsme . 02a0® » Tyran®,

%E = %\‘E\
E= VR,
\3

Nz=
\
ii. Some particles are emitted from the source with speeds greater than E/B, . Which of the following

describes the initial path of one of these particles immediately after entering region 1 ?
It curves toward the top of the page. 7 It curves toward the bottom of the page.
It curves into the page. It curves out of the page.

It moves in a straight line.

Explain your reasoning.

e fover, 22-\“. PATNAR BY 12 weramr e SR - doravveards oy AVE YA Lomoh yanre |
K veloo \s oyveonex Hnow ?-B:‘%quhmb Toree vAlVRopeodey Mo RMe tcvc dd,
FOYCR NIy g ROYREE 49 wiove dpvavwnod

I ) Wa \ORARY el owe |

GO ON TO THE NEXT PAGE.
-12-
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B5B p2

A constant magnetic field of magnitude B, directed into the page is now added in region 2 to the right of

region 1, as represented in the figure below. Suppose a particle leaves the radioactive source, travels through
region 1 in a straight line, and enters region 2. For each of the following, express algebraic answers in terms
of E, By, B,, g, and fundamental constants, as appropriate.

. X X X X X X X X X
B X %X X X X X xBx x
1 2
. X X X X X X X “x x
*—> L I . . X X X X X %X %X x %

+q

. . . . x x x x x x x x x
+++++++++++++
Region 1 Region 2

(b) Determine an expression for the initial magnetic force on the particle in region 2 and state its direction.

Fa zqvBsme. .
= (1q) (F) (B SN

:q._@!?l' , o ¥R P ot Awe AR -
¥

(c) Describe the changes, if any, in the magnitude and direction of the magnetic force as the particle moves
in region 2.
_ MONARAO
THR WIRAWMOR ©f Yne, FIETID Moo © LOVeR. FRMAMS (ovion Iouk A dhTREYOn ounic\ e

PP Uy 1O A SWFLCYTON of 4ve, YR\ -

(d) Describe the path of the particle in region 2.

TWe P8 AN e “\w\g\maowdss.

(e) Derive an expression for the charge-to-mass ratio g/m of the particle. Specifically note any quantities not
previously defined that are included in your answer.

Fzwo=0f = qVB3W™mY

%\F % , YVRYE A 1S e, (LCCR\CKORIMN D W JATRAE W Ahe T\

a
S TRVE / WMRYL S 1S ML OMAQR EWRRW AALNROURY aMAN Voo ¢ &M\
VAT R ¥R o84l tornde -

GO ON TO THE NEXT PAGE.
-13-
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Radioactive
Source +q

++++++++++++4+
Region 1
- 5. (15 points)

The diagram above illustrates a velocity selector, labeled region 1. It consists of two parallel conducting
plates, with charges on the plates as indicated creating an electric field of magnitude E directed toward the

top of the page. A uniform magnetic field of magnitude B, directed out of the page exists between the plates.

The magnitude of the magnetic field can be adjusted so that only particles of a particular speed pass through the
selector in a straight line. A radioactive source to the left of the selector emits charged particles, each having the
same charge +¢ and moving to the right in the plane of the page. The effect of gravity can be neglected

throughout the problem. :
(@

i. Derive the equation v = E/B, for the speed v of particles that move in a straight line through
region 1.

Féi ??
BqV = a4t
V= Cfg

ii. Some particles are emitted from the source with speeds greater than E/B, . Which of the following
describes the initial path of one of these particles immediately after entering region 1 ?

It curves toward the top of the page. It curves toward the bottom of the page.
_ It curves into the page. — It curves out of the page.
\J_ It moves in a straight line.

Explain your reasoning.

W & Spead Wiy 0w vequived 10 wovt
e pawhgw W & Srirangld- e, Hne paeticle wttl
AR contivmato wovt thavgn thy fied (v o e

(ne,

GO ON TO THE NEXT PAGE.
-12-
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B5C

A constant magnetic field of magnitude B, directed into the page is now added in region 2 to the right of

region 1, as represented in the figure below. Suppose a particle leaves the radioactive source, travels through
region 1 in a straight line, and enters region 2. For each of the following, express algebraic answers in terms
of E, B, B,, g, and fundamental constants, as appropriate.

. . X X x X X x X x X
X X X X X X XX X
B, B,

. . X OX X X X ® X X X

. = . . . . . * - . . X X X X X x X X X
+q

X X X X X X X X X

. X% X X X X X X X

- ) - . . L . b4 o x x x x o x x

+++++++++++++
Region 1 Region 2

(b) Determine an expression for the initial magnetic force on the particle in region 2 and state its direction.

Ty =BV

TN wWagnet1< v en Ao povficle witti¢ 00N fowovd ¢
e b otfaw of 41 page. ¥

(c) Describe the changes, if any, in the magnitude and direction of the magnetic force as the particle moves
in region 2.

TN povticts will dispA0y (it (2L Motion ag Frowed
Avough v€gon 2 Sk meuﬂmm& W vEmenn
e gans-

(d) Describe the path of the particle in region 2. .
N pavttce Shavts iiatly aMghgw,T.?

(S down fowands AL Votfomof e pagt,

AU e Sume e ek po,!r\f\g(-moﬁm \ike & Clvele.

(e) Derive an expression for the charge-to-mass ratio g/m of the particle. Specifically note any quantities not
previously defined that are included in your answer.

- \S P vadiug of Ontvi efel Wotion of

Vi .
= sav WU povticte
& -wig Y wags
alwm > o
GO ON TO THE NEXT PAGE.
13-

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



AP®PHYSICS B
2011 SCORING COMMENTARY (Form B)

Question b

Sample: B5A
Score: 14

The response is well done and easy to follow. The only point not earned was because r is not defined in
part (e).

Sample: B5B
Score: 8

The response earned full credit for parts (a) and (b). Part (c) earned the point for stating that the force is
constant, but it does not correctly state the direction of the magnetic force. No credit was earned in
part (d). Part (e) earned no credit, even though it states that the net force is due to a magnetic force,
because the work does not specifically indicate which magnetic field to use.

Sample: B5C
Score: 6

Part (a) i received full credit. Because only region I has been introduced, it is acceptable not to include the
subscript on the magnetic field magnitude. No credit was earned in parts (a) ii or (b). Part (c) earned

1 point for stating that the force is constant but not for giving the direction. Describing the motion is not an
indication of the direction of the magnetic force. Part (d) received no credit. Part (e) received 1 point for
defining r and 1 point for use of the centripetal force. Again, the point for the magnetic force was not
earned because the work does not specifically indicate which magnetic field to use.
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