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Question 4: Short Answer Paragraph Argument                                                      10 points 
         
(a) For an evaluation of Student Y ’s statement that correctly includes the vector nature of electric 

field 
1 point 

 For indicating that Student Y  should have stated that the third particle must have charge Q+  
for the electric field at Point P  to be zero  

OR 

For a statement indicating what the resultant magnitude of the electric field at Point P  would 
be for a particle with charge 2Q+  

1 point 

 For an evaluation of Student Z ’s statement that correctly includes the scalar nature of electric 
potential 

1 point 

 For indicating that zero electric potential at Point P  would require the third particle having 
charge 2Q−   

1 point 

 For a logical, relevant, and internally consistent argument that addresses the required 
argument or question asked, and follows the guidelines described in the published 
requirements for the paragraph-length response 

1 point 

 Example Response 

Student Y  is incorrect. Before the third particle is placed at the bottom-right vertex, the 
electric field from particles A  and B  at Point P  is down and to the right. The electric field 
from a positively charged particle placed at the bottom-right vertex is up and to the left. The 
third particle needs to have charge Q+ , rather than 2Q+ , in order to have the correct 
magnitude to make the resultant field zero at Point P .   

Student Z  is incorrect. Before the third particle is placed at the bottom-right vertex, the value 
of the electric potential at Point P  is positive. Because Point P  is equidistant from all three 
particles, the electric potential at Point P  is proportional to the total charge of the system. If 
the total charge of the system is zero, the electric potential at Point P will be zero. This 
requires the third particle to have charge 2Q− .  

OR 

Student Y  is incorrect that a particle with charge 2Q+  placed at the bottom-right vertex will 
result in no electric field at Point P . The horizontal component of the electric field from 
Particle A  is less than the horizontal component of the electric field from the particle with 
charge 2Q+ . The sum of the vertical components of the fields from particles A  and B  is less 
than the vertical component of the field from the particle with charge 2Q+ .  Therefore, the 
resulting electric field at Point P  is nonzero and points in a direction between particles A  
and B .   

Student Z  is incorrect. Before the third particle is placed at the bottom-right vertex, the value 
of the electric potential at Point P  is positive. Electric potential is a scalar quantity, so if the 
third particle has charge 2Q−  rather than Q− , the electric potential at Point P  will be zero.  

 

 Total for part (a) 5 points 
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(b)(i) For drawing a bar on the grid that shows a positive value for 1W   1 point 

 For drawing a bar on the grid that shows 1 13f iU U=  1 point 

 For drawing bars on the grid so that the work done on the system is equal to the change in 
energy, 1 1 1i fU W U+ =  

1 point 

 Example Response  
 

 
 

 

(b)(ii) For drawing a bar on the grid that shows 2 2f iU U= −  1 point 

 For drawing a bar on the grid that shows a negative value of 2W  so that the work done on the 
system is equal to the change in energy 2 2 2i fU W U+ =  

1 point 

 Example Response 
 

 
 

 

 Total for part (b) 5 points 
 Total for question 4 10 points 
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Question 4 

Begin your response to QUElfflON 4 on 1t"8 page. 

4. (10 points, qpsted time 20 minutes)

+a!t,I \ 

d I ' 

,' p \ 
/ . \ 

+� •--------:�)

Particles A and B each have positive cbatJe +Q and arc held &xed at two verticea of an equi1atenl trlan,1e of
aide 1en&th d, u shown. Point P la located equidiatant from each vertex of the trian.gle.

Studcnta Y and Z diacuA the electric field and the clmric poteati11 at Point P afta' a third chlrpl panicle ii
placed at the bcJaom..riaht -vertex. Tho S1Udcnta mab the followin, ltltrmentl.

Student Y: "If a particle with positive clwp +2Q is placed at the bottom-riaht w:rtex. tho rnaa,:,h:�de c,f the
electric: field will be zero at Point P ."

Student Z: •� mate the value of the electric potential zero at Point P, a particle wi1b negative cbmp -Q abould
be placed at tbe boaom-rlaht vu=." 

• 

� . . . . . 

■ ■■ ■■■■

. . .,. Ql11f1M ' . 
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Queatlon 4 

Continue your response to QUESTION 4 on this page. 

ii. In S<:enario 2, a particle with negative charge -Q is moved from very far away to tho bottom•rlaht vcrtox
and then held in place. A bar ia shown on the followina chart that rcpre,cntl tho electric potential eoeray U12 

of the system coosiating of all three particles when the particle with neptive ctwie is very far away from 
the other particles. 

In the grid provided, complete the bar chart. 

• Draw a bar to repre,ent the work W2 required to move the particle with ncpt:iw char&e from
very far away to the bottom-right vertex.

• Draw another bar to reieaent the electric potential energy u
12 

oftbe aystem consiatina of all
three particles when the particle with negative charge ia held in place at tho bottom-riaht vertex.

The height of each bar should be proportional to the energy represented. If tho quantity ia zero, write a "O" in 
that column. 

I I 

--- _J_ - - -J_ - - -
I I 
I I 

---"1-----,----
1 I 

----1-----'----I I 
I I 

I I 
---"1-----1----

1 I 
___ _J ____ J ___ _ 

I I 
I I 

---,-----,----
1 I 

----1-----'----
I I 
I I 

----,----,----
1 I 

Unauthorized oopylng or reuu of thll page la Illegal. 

I I 
----L----L---

1 I 
I I 

----i-----i----
1 I 

----'-----1----
1 I 
I I ----r----r---
1 I 

----►----1----
1 I 

I I 
I I 

----,-----,---
' I 

Scenario 2 

P11Qe18 

I I 

----t----�----
1 I 

----.,.----r----

' I 

----.l----'-----
1 I 
I I ----T----r----
1 I ----+----►----

1 I 

I I 
----T----r----

1 I 
----·----►----

' I 

----+----t----

QO ON TO THE NEXT PAOE.

UH a pencil or a pen wl1t1 black or dark blue Ink. Do NOT write your l'l&ffle, Do NOT write outside the box. 

• • • • • • • • 

■ ■■ ■■■■

• Ql1N/11 

•

• 
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Question 4 

Begin your response to QUESTION 4 on 1h19 page. 

4. (10 points, suaested time 20 minutea)

B 
+Q.

I I \ I I \ 

d I 

\ 

,' p \ 
/ . \ 

+�•--------�
--

)

Puticlea A and B each have poeltive ctwao +Q and are held fwd at two vertices of an equllatenl trianslo of
aide length d, u shown. Point P is located equidistant from each vat.ex of the triangle.

Student, Y and Z diactw the electric field and the elccttic potential at Point P after a third charged particle is
placed at the boUom-riaht vertex. The students make the followin& statements.

Student Y: "If a particle with positive charge + .Y2Js pllced at the bottom-right vertex, the magnitude of the 
electric field will be zero at Point P." 

Student Z: ''To make the value of the electric potential zero at Point P, a particle with negative charp -Q should 
be placed at the boUom-ript vertex." 

(a) In a coba'ent, paragraph-length response, evaluate the accuracy of each student's statemenL If any upect of
either student's statement is inaccurate, explain how to comet the student's statemenL Support your
evaluations using appropriate pbyaics principles.

• 

c..'°'o.�J,wO\A o hG.v � to � vi> 
O � ho.ve (U\ tl-tci'r•, pO+f.r\�C:,.\ �d t'-e� · 
0 S.O ♦ht �r!� i.uol.A� �c..vt. 

Unauthol1ud copying °' l'8IJN of thla page II Illegal. 

b� - 2.. 0 a.e� --:.fi_ o.-nd

�"� t..�$' 
P1oe 14 00 ON TO THE NEXT PAGE. 

UM a pencil or a pen with black or dart< blue Ink. Do NOT wrtte your name. Do NOT wrtte outlldl the box. 

• • • • • • • • 

••• 

••• 

• ••

CIIIWl4 
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Quntlon 4 

Continue your response to QUESTION 4 on this page.

il. In Scenario 2, a particle with negative cbarge -Q ia moved from VfZY f:ar away to the bottom-right vertex 
and then held in place. A bar iJ shown on the followina dwt that rcproacnta the elcccric potential energy �2 
of the 1)'1tcm coosistina of all three pllticlca when the puticlc with ocpt:ive charge is very far away from 
the other particles. 

In the grid provided. rompleto the bar cbart. 

•Draw• bar to rcpreaent the work !!'..,..l'CqUired to move tbe particle wilb neptive charge from
veiy far away to the bottom-riaht vertex.

• Draw another bar to repreacnt the electric potential energy U/2 of the system consisting of all
three particles when the particle with neptive chargo iJ held in place at the bottom-right vertex. 

The height of each bar should be proportional to the eneqy represented. If the quantity is zero, write a "O" in
that column. 

u -::. W + Q

0 

I I 
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' I ----,-----,----
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Scenario2 

Paoe1e 

u
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00 ON TO THE NEXT PAGE. 

UN a pencil or a pen wtth bla0k or dal1l. blue Ink. Oo NOT � yc,ur nam.. Oo NOT wrltil outside the box. 

••• • • •

• • • • • • • • • CIIWII 
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QUNtlon 4

'I 

-

Begin your tasponae to QUESTION 4 on 1h18 page.

-
-

-
-
-

�
-
-
-

- 4. (10 poJnta. � time 20 minuta)
-

B
+Q.

I \ 
I \ 

d I 
\ 

/ p \ 
/ . \

+Q I \ 

A•--------..,�) 

-
-

Plrtic1ea A and B eacb ha'f'e poalive amp +Q and are held fixed at two vat1eea of ID equilmnl tdanp of
side leagth "·.mown.Point p I.a locmd equidiatant from each� of 1be tdanp.

-
-

Studenta Y and Z dil0UU the eleclric tield and the electrlc potemia1 at Polat P * a dmd� padde k
placed at the boaom-rigbl wrts. Tho lfUdenta mab the fo11owiDa atalftoenta

-

tip
-

... 

Student Y: "If a particle with_l)O!!dve c:bllp +2Q 11 placed at the bottom-n,bl w:rlD:l, the rn.,.m,do ,,t Cho
electdc field will be mo at Point P." 

-

-

-

Student Z: '7o make the value of the electrlr �•J u:ro at Point P, a paticle wi1h � dw:p -Q abould"
-be pace&tat die bottom-riaht verteL"

- • 
• (a) ln a coberent. �b-kmgth respcx,•. evaluate the &0CW'IICY of each 11Udeat'a 11,iauent, If-, aspect of

- either student'• lt■tement ii iJIICCUrate, explain bow to ccmec:t tbo ltDden1'1 1t1temDld. SUppmt your 
II! . 

evaluation.a usmg ■ppropriate pbyslca prindples. 
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Ccnllaµe your l'9lponte IQ QIJ£ST10N 4 on 11'111 peot. 

ii. In� 2� apll1lc:lo with neptive c.barp -Q la moved� v«y far �Y to tbe�abt wr=
and then held IQ place. A bar ia shown Ofl tbe followina chart thal.1P.pc-.iu Ibo��� lJa
of tho ayatrm comilting of all throe� when the particJe wltb,neptive dNlrp JI .'ffn. � ' ittom
tbeoeherpu1idel. 

In die picl provided. CCJmPleto Ibo bar chart. 

-
' 

• Draw • bar to represent the wen "2 required to move tbe paticle with� �lroa,l
wry far away to Ibo boelom-rt,bt ver,m. 

• Draw 1DOCber bar to mprment the eJectrlc potential eoerJY U/2 of tib a1ittd, QCJailsdn, M ' :: 
tbreopatlclea � tho�o wtth negative c.barp .. held�� atOIO �-�·· ..

The belaht of each bar tboald be propartlonal to tho eDell)' tepeaeuted. rt•�•�·--• T bl 
tbatcobmm 
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Scenario 2 
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Question 4 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

The responses to this question were expected to demonstrate the ability to:  
• Identify the relationship between a symmetrical distribution of charged particles and the types of charged 

particles to find the resulting electric field at the center of that particle distribution. 
• Identify the relationship between the types of charged particles and their arrangement to find the electrical 

potential at the center of that particle distribution.   
• Evaluate and critique the accuracy of a given statement through a concise, logical argument, using correct 

and appropriate physics.   
• Represent the work required to move particles with positive and negative charges from very far away to the 

center of a particle distribution using bar charts. 
• Represent the potential energy of a system of positively and negatively charged particles using a bar chart.   

Sample: 4A 
Score: 10 
 
Part (a) earned 5 points. The first point was earned for correctly indicating the vector nature of the electric field. The 
second point was earned for correcting Student Y 's statement. The response correctly identifies that a particle of 
charge Q+  placed at the bottom-right vertex will create an electric field contribution at Point P that cancels the 
contributions to the field from the particles at points A  and B  and, thus, the electric field at Point P will be zero. 
Although the response shows force cancellation, the response relates the force on a particle placed at Point P with 
the electric field at P . The third point was earned for correctly referring to the scalar nature of electric potential 
shown by the use of the equation for the electric potential at Point P  due to the two particles at points A  and B . 
The fourth point was earned for correctly stating that placing a particle of charge 2Q−  at the vertex would create an 
electric potential of zero at Point P . The fifth point was earned for a logical, relevant, and internally consistent 
paragraph-length response. Part (b) earned 5 points. The first point was earned for showing a bar in the positive 
region of the grid indicating that 1W  is a positive quantity. The second point was earned for showing a bar indicating 

1fU  is three times the size of 1iU , such that 1 13f iU U= . The third point was earned for showing a bar indicating 
that 1fU  is the sum of 1W  and 1iU , so that 1 1 1i fU W U+ = . The fourth point was earned for showing a bar 
indicating that 2fU  is equal but opposite in sign to 2iU , such that 2 2f iU U= − . The fifth point was earned for 
showing a bar in the negative region of the grid indicating that 2W  is a negative quantity AND the bar drawn for 

2fU  is the sum of 2iU , so that 2 2 2i fU W U+ = . 
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Question 4 (continued) 

Sample: 4B 
Score: 5 

Part (a) earned 3 points. The first point was not earned because the response does not correctly indicate the vector 
nature of the electric field. The second point was not earned because the response makes no statement about 
changing the charge of the particle to Q+  in order for the electric field at Point P  to be zero. Additionally, the 
response does not describe that adding a particle of charge 2Q+  at the bottom-right vertex would have created an 
electric field at Point P  that is directed toward the top left of the page. The third point was earned for indicating the 
scalar nature of electric potential by discussing the proportionality between the sum of charges and the net electric 
potential. The fourth point was earned for correctly stating that placing a particle of charge 2Q−  at the vertex would 
create an electric potential of zero at Point P . The fifth point was earned for a logical, relevant, and internally 
consistent paragraph-length response. Part (b) earned 2 points. The first point was earned for correctly showing a bar 
drawn on the grid that represents positive 1W . The second point was not earned because the response shows an 
incorrectly sized bar for 1fU . The third point was not earned because the response shows a bar for 1W  and for 1fU , 
such that 1 1 1i fU W U+ ≠ . The fourth point was earned for correctly showing a bar drawn on the grid that represents 

2 2f iU U= − . The fifth point was not earned because the response does show a negative bar drawn on the grid for 

2W , but the response does not show bars that correctly represent 2 2 2i fU W U+ = . For the point to be earned, both 
parts of the response must be correct. 

Sample: 4C 
Score: 1 

Part (a) earned no points. The first point was not earned because the response does not correctly indicate the vector 
nature of the electric field. The second point was not earned because the response incorrectly states that the charge of 
the particle would need to be negative in order for the electric field at Point P  to be zero. The third point was not 
earned because the response makes no reference to electric potential. The fourth point was not earned because, 
although the response states that a “stronger negative charge” is needed to make the electric potential zero, the 
response does not say that the value would need to be 2Q− . The fifth point was not earned because there is not a 
logical, relevant, or internally consistent paragraph-length response. Part (b) earned 1 point for correctly showing a 
bar drawn on the grid that represents a positive 1W . The second point was not earned because the response 
incorrectly shows that 1 1f iU U= . The third point was not earned because the response shows a bar for work 1W  and 
a bar for 1fU ,  such that 1 1 1i fU W U+ = . The fourth point was not earned because the response shows a value of 
zero for 2fU . The fifth point was not earned because the response incorrectly shows a positive value drawn on the 
grid for 2W .  
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