AP® PHYSICS 2
2015 SCORING GUIDELINES

Question 4
10 points total Distribution
of points
(a) 2 points
The top plate is negative.
For relating the direction of force or acceleration to the direction of the field 1 point
For relating the direction of the electric field to the sign of the charge on the top 1 point
plate
No points are awarded for identifying that the top plate is negative with no
attempt to explain why.
(b) 4 points
For using an appropriate kinematic relation to determine the acceleration of the 1 point

electron while it is between the plates

= (v, )

For using Newton's second law to determine an expression for the magnitude of 1 point
the force needed to give the electron the calculated acceleration

F =ma= m(vf - v,-)/t
For setting eE equal to the force calculated from Newton's second law 1 point

For correctly manipulating equations to solve for the magnitude of the electric field 1 point
and arriving at a correct numerical answer with units

E = m(vf - v[)/et

o (9‘11 %1073 kg)(8.02 x10% m/s — 5.40 x 10° m/s) _ 10.000 N/C
- (1.6 %107 ) (1.49 x 105) o /

Alternate Solution Alternate Points

For applying conservation of energy for the time the electron is between the plates 1 point

AK = AU

For using the correct relationship between potential energy and potential 1 point
difference

AU =eAV

%me(v} - vlz) =eAV

For using the relation between potential difference, electric field, and plate 1 point
separation

AV = Ed

%me (V? - vlz) =eFEd

For correctly manipulating equations to solve for the magnitude of the electric field 1 point
and arriving at a correct numerical answer with units

E = me(v% - viz)/2ed
(9.11% 10‘31)((8.02 x10° m/s)” — (540 x 10° m/s)z)
2(1.6 x 107 €)(0.010 m)

E= = 10,000 N/C
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Question 4 (continued)

Distribution
of points
1 point
Q = SoAE
For correct substitution of values into the equation to calculate the magnitude of 1 point
charge on each parallel plate
0 = (8.85x107"% C*/N+m?}(0.25 m*)(10,000 N/C)
0=22x10°C
2 points
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Note: Figure not drawn to scale.
For drawing a reasonably circular path from the point where the electrons leave 1 point

the bottom plate to point X

Note: There is no penalty for starting the path at the tip of the arrow.

For explaining that the field is always perpendicular to the velocity, so the force is 1 point
also always perpendicular to the velocity which creates a curved (circular) path

1 point

In order for the electron to reach point X, the magnetic field must exert a
centripetal force on the electron toward the top right corner of the dashed box.
For using the right hand rule and reasoning that the force on a negatively charged 1 point
object is in the opposite direction from the force exerted on a positively
charged object (or using the “left hand rule”) to conclude that the direction of
the magnetic field is directed out of the page
Notes:
No points are awarded for identifying that the direction of the magnetic field is
out of the page without explaining why.
Credit can be earned for a correct analysis at any individual point on the path.
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Note: Figure not drawn to scale.

. (10 points - suggested time 20 minutes)

The apparatus shown in the figure above consists of two oppositely charged parallel conducting plates, each with

area A = 0.25 m?, separated by a distance d = 0.010 m. Each plate has a hole at its center through which
electrons can pass. High velocity electrons produced by an electron source enter the top plate with speed

vy = 5.40 X 108 m/s, take 1.49 ns to travel between the plates, and leave the bottom plate with speed
v, =8.02x10° m/s.

(a) Which of the plates, top or bottom, is negatively charged? Support your answer with a reference to the
direction of the electric field between the plates.

The top ptate S nq.c‘ah'vu% charged. The

electronsg (ncreasce
thele gpeed, so  thur acceleration s

downward. Thals mMmecans
b% B =ma, ¢ foret electric force Pof\r\ts Aownw &rd .

aince These are etectrong , tlhe force (5 (n the

oppOsSIte
dircection of tue Ffietd

tines  wmunich ttags point up. Bletd (raeg point

(b) Calculate the magnitude of the electric field between the plates. tpoward ¢ tin e ,\eaqfwb
w = AKE pltafe, wnicn (s *twhe top one
Vg = AEE e =Gz 010m)( ovio e ) (2 (4.1 <107 > kg )((3-02x0 ms)!

- 4 ® — &
\
e = al A xe)
|

£. A
C= =3
_Q’ €0 A
v = d
fo EJXA
Q = G = =€ EA
- N =%
= (9,95 x 10" 2 ¢t/NeY) (1.0<D*NCC)(0.25 m™Y) ?

Unauthorized copying or reuse of
any part of this page Is lllegal.

GO ON TO THE NEXT PAGE.
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P2Q4 A2

(d) The electrons leave the bottom plate and enter the region inside the dashed box shown below, which
contains a uniform magnetic field of magnitude B that is perpendicular to the page. The electrons then leave
the magnetic field at point X.

Electron Source [Jj
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Note: Figure not drawn to scale.

i. On the figure above, sketch the path of the electrons from the bottom plate to point X. Explain why the
path has the shape that you sketched.

The magnetic  force (s alway s perpend tcutan to the

Afrectinn of vctoca’+¢1. Taus, *the force acts Gas a
centripttat force, Sso the electrons visierge

clrevtlar mMmotdon.

ii. Indicate whether the magnetic field is directed into the page or out of the page. Briefly explain your

choice. ‘ L oy
™me N\aqntf('(_ el dd (s Alrected ouvt © the

qugi' oy the ciqht nwand roule ( force to

vetocity Aown () the N\ G csr\e.h‘(

fhe fl'c“'\(',

Lretk (5 into poge . Slnc e the Clectrons Gre
v

the .
o w € TR A o e
neqatvely charged,

the fietd 8

: - £ e
Alrectidn S0 oy —o-FL ou t o

| lie to
DU\‘5<("’V\L rignt nhan d rule applies
POS\'HVC,(q thxr(i\¢ pa{‘h'c(q_s.)
| Unauthorized copying or reuse otl
e GO ON TO THE NEXT PAGE.
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Note: Figure not drawn to scale.

4. (10 points - suggested time 20 minutes)

The apparatus shown in the figure above consists of two oppositely charged parallel conducting plates, each with
area(A = 0.25 mzi,)eparated istance § = 0.010 m.

ch plate has a hole at its center through which
elec pass. High@elocity electrons pr

Yy an electron source enter the top plate with speed
vy = 5.40 x 108 m/s, take 1.49 ns to travel between the plates, and leave the bottom plate with speed
vy =8.02x10° m/s.

(a) Which of the plates, top or bottom, is negatively charged? Support your answer with a reference to the
direction of the electric field between the plates.

the top 1S negarively (horged, the q,opayqrw Erres e €
fwough twe tep plare. gecauvse tiee” finiSh with d
F\VW(A/' \/\Q\UHM quaﬂy “‘C{V} n‘L(// IH!I‘I(L! ;\F"'U(/.lf_y, |
At ftvd(non to e bottom plate (The posifile plaze)
opeeds VP thetr juvindy.
(b) Calculate the magnitude of the electric field between the plates.
g I L L
TYNE ¢t T =
Nm'l.ﬂ/ o ¥ I

L : (quoq)(l@uo"@ - Iy x o N/C\
MNQ (0.01)

(c) Calculate the magnitude of the charge on each plate.

NCS
¥

Q- LA
= (Lyy v ®)(8.95 * 1077)(0.25)

. -17
lUnlu‘!horludeopyIngorr.uuof - %l%(o * 10 _QJ

bt L GO ON TO THE NEXT PAGE.
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P2Q4 B2

(d) The electrons leave the bottom plate and enter the region inside the dashed box shown below, which

contains a uniform magnetic field of magnitude B that is perpendicular to the page. The electrons then leave
the magnetic field at point X.

Electron Source [Jj

»X

Note: Figure not drawn to scale.

i. On the figure above, sketch the path of the electrons from the bottom plate to point X. Explain why the
path has the shape that you sketched.

wWhen ele(tivns aye direttd tviwvards thuir exit
placy, ety puthn (hhovld begih o form that of q

(irae. The forte that PUIIS Them iS 0 Lentripeiay
fov(€, So twuir path [s cvrned ratner thah (trdight

ii. Indicate whether the magnetic field is directed into the page or out of the page. Briefly explain your
choice.

out 0f the puge; wWhen VOihg right hoihd rule,
VoIS paattd Dy woids v bot ey of Tl page.
We wow it i ewittiong edve Al pornt X,
These eueurons fravel o fiv right o exif,
MUWinG Tw for (¢ IS T U Kight. Howerer,
PR ovy RSt polIS Qe o™ with neguhte
oy, W €lip i cal,w('mun ol force, hwdnhyg
fovd iU Yo T ettt UStwg  vight poand
(e With V poinifcd dowh and ¥ pointtd f
tne el we Find Thatr v magherrc freld
is dipected ovtof fia page.

Unnuumfmdcopylniormud
lany part of this page is lllegal.

GO ON TO THE NEXT PAGE.
S
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Note: Figure not drawn to scale.

4. (10 points - suggested time 20 minutes)

The apparatus shown in the figure above consists of two oppositely charged parallel conducting plates, each with

area A =0.25m?, separated by a distance d = 0.010 m. Each plate has a hole at its center through which
electrons can pass. High velocity electrons produced by an electron source enter the top plate with speed

vy = 5.40 X 10° m/s , take 1.49 ns to travel between the plates, and leave the bottom plate with speed
v, =8.02x10° m/s.

(a) Which of the plates, top or bottom, is negatively charged? Support your answer with a reference to the
direction of the electric field between the plates.

Brtn. "Top. Toe tekachield goes fom positive o (egefive.

e plate |
M deton T atucted o Huc S
AVSQUJ u+3@ %\A&WJ it qust 1 JM N@M\w od(e O\WX &m Mre

guu,o{ oW ad § cuucud bomn
(b) Calculate the magnitude of the electric field between the plates

IR uepRas
syl e )
- C &
EF c

TprE& e g ufe \
R |

(c) Calculate the magnitude of the charge on each plate.

e . K
k- 75 |4ty [0 = @gﬁﬂt)*"’)(.)ﬁ)

%w (D = B g

Unauthorized copying or reuse of
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P2Q4 C2

(d) The electrons leave the bottom plate and enter the region inside the dashed box shown below, which
contains a uniform magnetic field of magnitude B that is perpendicular to the page. The electrons then leave
the magnetic field at point X.
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Note: Figure not drawn to scale.

i. On the figure above, sketch the path of the electrons from the bottom plate to point X. Explain why the
path has the shape that you sketched.

‘ e 1S
Ao fle 2le i wwves downiad | }\’S \reiou% ‘
belng overomse g Xt Waldyve way @cgekcj Eevwdxadar
b Y fire H elechon, P\/\%\Atm& i T e N@N'v
Wiy grodually, edue

ii. Indicate whether the magnetic field is directed into the page or out of the page. Briefly explain your
choice.

lhagratic field &S e pude ,baausj
A (e ction dweloci & e elecho i dowawardd
Ol owgdS J(\/\vaﬁ\/\*,(ml M gk ond ulke
{\ng 6\(1\»% \/\léwef ch &Q\A v Ve o recked Wien
fue T vig Ik and mm\\g = downadS (¢ judr T

e
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AP® PHYSICS 2
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Question 4
Overview

An electron accelerates between two oppositely charged parallel plates and then into a region with a uniform
magnetic field. Students are asked to determine various quantities such as charge, field, directions of vector
quantities, and trajectories.

Sample: P2Q4 A
Score: 10

This full-credit paper is easy to read and follow the logic and has complete explanations. Note the use of the
alternate solution in part (b).

Sample: P2Q4 B
Score: b

Part (a) earned 1 point for relating the change in electron velocity to the sign of the charge on the top plate.
Since there is no mention of the electric field, which was specifically asked for in the question, full credit
could not be earned. Part (b) earned no credit. Part (c) earned 1 point for full credit for correct substitution
of values, correctly using the incorrect answer from part (b). Part (d) earned full credit.

Sample: P2Q4 C
Score: 3

Part (a) earned 1 point for relating the direction of the electric field to the sign of the charge on the plates.
Part (b) earned no credit. Part (c) earned 1 point for full credit, for correct substitution of values to calculate
the magnitude of the charge on each parallel plate. Part (d)(i) earned 1 point for correctly drawing a circular
path from the point that the electrons leave the bottom plate to point X. Part (d)(ii) earned no credit.
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