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Question 2: Experimental Design      12 points 
 
(a)(i) For a diagram including a source of potential difference (e.g., battery, power supply) that is in 

a complete circuit that results in a current in the unknown circuit component 
1 point 

 For a diagram including a measurement device that is appropriately connected in the circuit 
(e.g., voltmeter, ammeter) 
 
Scoring Note: A lightbulb that is connected in series with the circuit component is an 
acceptable alternative for an ammeter. 

1 point 

 Example Responses 

 

OR 

 

 

OR 

 

 OR 

 
 

 

(a)(ii) For describing a procedure that includes a measurement of one of the following: 
• The potential difference across the circuit component 
• The current in the circuit 
• The potential difference across the known resistor 

1 point 

 For taking measurements at two different times after the circuit is closed or taking one 
measurement a long time after the circuit is closed, consistent with the procedure described 

1 point 

 Example Responses 
 
Measure the current in the ammeter immediately after the circuit is closed and a long time 
after the circuit is closed. 
 
OR 
 
Measure the potential difference across the circuit component immediately after the circuit is 
closed and a long time after the circuit is closed. 
 
OR 
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Measure the potential difference across the circuit component a long time after the circuit is 
closed. 
 
OR 
 
Measure the potential difference across the 500Ω  resistor immediately after the circuit is 
closed and a long time after the circuit is closed. 

(a)(iii) For describing a correct result of the experiment that indicates the current in the circuit 
decreases to zero over time or that the charge of the plates of the capacitor increases over time 

1 point 

 For describing a correct result of the experiment that indicates that the electric potential 
difference across the capacitor increases from zero over time 

1 point 

 Example Response 
 
Immediately after the circuit has been closed, a current should be measured. A long time after 
the circuit has been closed, a current of zero should be measured. This is because the initially 
uncharged capacitor becomes fully charged. This results in a potential difference across the 
capacitor that is equal to the potential difference across the battery a long time after the 
circuit has been closed. Therefore, according to Kirchhoff’s loop rule, a potential difference 
will not be measured across any other circuit components. 

 

 Total for part (a) 6 points 

(b)(i) For an equation that correctly applies the loop rule 
 
Example Response 
 

var0 Ir IRε= + − −  
 

1 point 

(b)(ii) For indicating appropriate quantities that, when graphed, result in a linear graph that allow 
students to determine emf  ε  
 
Example Responses 

• 
var

1
r R+

 vs. I  

• I  vs. varIR  

• varR  vs.  1
I

 

1 point 

(b)(iii) For including numerical values on both axes with a linear scale and labeling the axes with 
appropriate labels and units 

1 point 

 For a graph in which data are plotted within at least half of the grid area 1 point 
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 For drawing a best-fit line that approximates the trend of the data 
 
Example Responses 
 

 
 
OR 
 

 
 

1 point 
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(b)(iv) For correctly using the graph to determine an experimental value for emf  ε , including 
correct units, between 18.0 V  and 22.0 V  
 
Example Solutions  

I  as a function of 
var

1
r R+
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OR 
 

varIR  as a function of I  
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=
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1 point 

 Total for part (b) 6 points 
 Total for question 2 12 points 
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Question 2 

Begin your response to QUESTION 2 on this page. 

2. (12 points, suggested time 25 minutes)

Students are given an unknown circuit component that is coMccted in series to a resistor with known
resistance 500 0.

(a) The students are asked to experimentally determine whether the component is a resistor or an uncharged
capacitor.

i. Complete the following dia,ram to show how to use standard circuit equipment to determine whether the 
component is a resistor or an uncharged capacitor.

soon, wire

Circuit 
Component

ii. Describe an experimental procedure to determine whether the component is a resistor or an uncharged
capacitor. Refer to the circuit equipment in the diagram drawn in part (a)(i). 

, � �
1 )P� 0� �tl� � �QWJ.h ��

�ti.� � � ,)tkw��i,t�wdh��� �l/YI�
wJft ti,� o.J � � 
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iii. What results would the students expect if the component is an uncharaed capacitor? Support your answer
in terms of potential difference and charp.

Ul � � � \15 ,w o. � t,, �
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Ul"laUthortud oopytng or IWUN of Ihle page It Illegal. 00 ON TO THE NEXT PAGE. 

Use a pencil or a pen with black or dart< blue Ink. Do NOT wrtte your name. Do NOT write outside the box. 
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Qu .. tlon 2 

Continue your response to QUl!BTION 2 on this page. 

iii. Plot the data points for the quantities indicated in put (b)(il) on the following graph. Clearly scale and
label all axea, includina unita. Draw a straight line that beat represents the data.
Y� may� the blank co� in the ta_ble for any quantities you araph other than the liven data. 

-:r.l'l .J ,,t�Mld�) vs. G»vwJ-

I I I I I I I I I I I I I I I I I I I 
-,-'T- r-i- --r-r--,-'T- ·r-,-r-r- -'T-r-r-,- -,--,--,-r-

+-t-H- -t-H--t- _ L.J_.L_L -.1-L-LJ_ _LJ_J_L _ 

A 
I I I I I I I I I ' I I 

I I I I I I I I I I I I I I I I I 
-1--t-t--1- -t--t--1--t- -+--1-t--t- --t-t--t--1-

I I I I I I I I I I I I I I I 
,-;-r-,- -r-r,-i- -r,-r-r -i-r-r,-
.J_J._L-'- -.L-L.J_.1_ -L.J-.1.-L -.l-L-1..J-
I I I I I I I I I I I I ' I I I 

..;--4-4---1- _.__ ... _,_-4_ -1- ... -+-1- --4-4--1--1-

•J\,O I I I ' I I I I I I ' I I I I I 

+-t-r,:- -l-H-1- -H-+-1- -r-1-
.J_J._L;_t_ -.L-L.J_J._ _1...J_.1._1. -.L-L 

I I I I I I I I I I I I I I 

(wtuft, .. 
"1--t-t--+- -+-,--4-◄-- -+--t-+-.. -�-► 

I ' ' I I I ' I I I ' I I I 
,--r-r-,- -r-r-,-'T- -r,-r-r -r-r

; � o,o<J -1-J.-L.--1- -�-,__,_�_ _,_J._L,_,_ -.L-L 

I ' I I I ' I I I I I I ' 
-1--t-t--1- -t--t-"1--t- "1--t-t--+- -1--t-

I I I I I I I I I I I I I 
,-"T-r-,- -r-r,-i- 1-T-r,- -r-r

.,, .J_J._L_I_ -L-L.J_.1_ .J-.l-LJ- -L-1.. 
I I I I I I I I I I I I I 

"(); I I I I I I I I I I I I I I I I I I I I I I 
-1-"f-r-,- -.. -,..-,-.. - -'T-�-,--,- -,--,-,-,-- -,--,.-i--,- -,--,-

+-t-H- I I I ' 
-r-r,-'T- --¼-1--H- I ' I I 

-,-,-,-r-
I I I I 

1-T-r,-
I I 

-r-r
.J-J.-L..J- -L-L.J-J._ -.l.-L-1...J- -L.J-.I-.L- .J-.L-L.J- -L-1.. 

I I I I I I I I I I I I I I I I I I I I I 

o.C>'f 
"1•-+-►-+- _._ .. ...,_,._ --+-►-t--1- _ .. ...,_,._.,_ ◄-♦-1-"1- -t--1-

I I I I I I ' I ' I I I I I I I I I I I I ' 
--t-t--H- -1--H-t-- +t-H- -t+
--'-L-1..-1- -L-1-J.-L- .J-.1.-1.-1- -L-1-

I I I I ' I I I I I I I 

--t-t--t--1- - ,.. ...,_,. -t- "1--t-t--+- -t--t-
I I I I I ' I I I I I I I I 

-,-r-,-,- -r,-1-r- 1-T-r,- -r-r

o.o� I I I I I I I I I I _ .. ..,_ .. _.__ -l-♦-L.-1- -L-1-
I I I I I I I I I I 

-,--,--,-,-- -,--,.-,..-,- -,--,-
I I I 

-r,-,-r-
I I I I 

1-T-r-1-
I 

-r-r
-L..1-.I-.L- .J-.L-LJ- -.L-L 

I I I I I I I I I I 

Unauthcwed oopytng or reuae of lhla page la Illegal. GO ON TO THE NEXT PAGE. 

UH a pencil or a pen with blacl< o, dar1( blue Ink. Do NOT write your name. Do NOT write outside the box. 
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Quedon·-i 

Begi'I your responN to QUE8TION 2 on thla page. 

2. (12 pointa, suggested time 25 minutes)

StudeDta ate JiveD ID unknown circuit� that ia connected in leliea to a reaiator witb known
rmmoce soon.

(a) n,. trndenta are uDd to experimentally determine wbetbs the oomponent ia a reaistor or an uncbqed
CJPldOr.

i. Complete the followina d1agram to abow how to 1118 ltlDdard cucuit equipment to determJDe � the
compooc:nt is a recbtoror an uncbqed capacitor.

soon wu-e 

Circuit 
Component 

u. a 'parfdt or a si-,"wtth black ot duk b\be Ink. Do NOT wrlt, your name. Do NOT wrtt. outlldl the box .
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Contlnu. your response to QUESTION 2 on this page. 

iii Plot tbo data points f« tbo qumtidel indicated iD pat (b)(li) Oil tho followiDa snph. Ceaty .. md 
label an axes. includioa UDita. Draw a strai&ht lino.tbatbestrepeeentll the data. 
Yoo may me the blank columns in the table f« 11,11' qqntitiel you srapb other Chan the pffll data. 

I I I I I I I I I I I I 
-1--t-t--t- -f'-1-"'1--t- -t--1-f'-I-

I I I I I I I I I I ' ,-·r-r-r -T-r,-'T- -r-,-T-r
.J_.1-L..J.. 

-+-:-�--t- -H-t-t-I I I I 
-4- .. -1---+- -•-1--4-.. - -♦-.l-♦-1--

I I I ► I I ' I I I I I 

I I I I 

--t-t--t--1-
I ' I I ,-r,,-

.l-1.-L.J_ 
I ' I I 

_,._.__ ...... _ 
I I I ' 

I I I I 
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I I I ' -r,-,-r-
-L.J-.1-1.-

I I I I 
-►-4-.. -1---

I I I I 
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' I I I I I 
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Quntfon 2 

Begin your l'NpOnl8 1D QUESTION 2 on thta page. 

2. (12 points. suueated time 25 minutes)

Studenta are giwn an unknown cimtlt component that is connected in aeries to a resist« with known
resistance � 0.

(a) The atDdeDta are ubd to experimentally determine whe1her the component is a resistor or an uncbarpd
capacitor. 

i. Complete the following diagram to show bow to me standard circuit eqwpmmt to deCenniDe wbedw.r the
component ia a resistor or an uncharged captcitm.

5000
... ,, ,, . 

Circuit 
Component 

Wire I I\ 
\ u--....

..___--4♦ 1 jrlj:t---- --� 
���nrt 

ii. Deacribe an e:iperirnental procedure to determine whether the component ia a resistor or an uncharged
capacitor. Refer to the circuit equipment in the diagram dnwn in put (a)(l). 

-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

You..
wCN.\l IMc 6,Jf\, �ftr te fr"' tk-t. c,...rre, -r:

,n.l if -11<. 5tsfe� does,-.'� � .,.,, +� ,.� : 
ctA.r� d-1-t,r 4-rQ.vel,ry f-nr�JI-... 1 �-"
�"r,f tJ...,.,r ,'f i, � resldt,r 

iii. What reaulta would the lt\1dcnta expect if the oomponcnt ia an UDCbarpd capecitor? Support your IDIWCZ'
in terms of potential difference and charp.

1 h.,(,, po+en ¼o.\

(J(' &t,�l 

tk 7tsh� 

fl� { <Ap«c,'f,r

lJnauthol1nd �or,_... dWa PIQa le Illegal. 

be.. 
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GO ON TO THE NEXT PAGE. 

UN a pend! or a pen with black or dirk blue Ink. Do NOT wrtt. yoor name. Do NOT Wl1ta ou1llde the box.
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QUNtfon2 

Continue your rasponse to QUESTION 2 on this page. 

iii. Plot the data pointl f(X the quantitie, mctic:atcd in part (b )(ii) on the followi.Dg graph. Clelrty aca1o and
label all axes, includina unitl. Draw a straipt line that beat represeota the data.
You may use the blank columna in the table for any quantities you araph other than the pven data.

I I I I I I I I I I I I I I I I I I I I I I I I ,-T -r-r,-T- -�,-T-r -,-r-r,- -r,-,-r ,-T-r'"'" -r-r

,-+- -+-1-,-+- -� ➔-t-r -+-t-� - -1-,-+-t- ,-+-1-�- -t-r 
Q.��--..... � ...... --................ ,_._,-, ....... ,-+-➔ ,--,-, ....... ,-+-➔,--,-, ....... ,-+--,-'-,-, ..... ,-+-,-,-4 

-t-➔-+-r -➔-►-r ➔- -1--1-➔-+- ➔-+-t--+- -t--r 

-�i-t-� -{-}-t4- -t1-{-}- i-+-�+ -t-t
-r➔-+-1- -➔-t-r,- -�7-➔-t- ,-+-r+ -t-�
-l- ◄-♦-► -◄-'--1-◄- -►-➔-➔-►- ◄-+-►-+- -►-'-

'"' I I I I I I I I I J I I I I I I 
0 .. 0 IN ....,..'T""'T"..,...�+--,+�.,r-,_,..,.._+-_T:-

"T"1--,.+""T+-+-i1�-1-,..-.,..H
T"
-+-+-+

+..lf
....-. .. +-+--1,--+

.,..
-T"h

T'-""'"--,.+-
""T
+-f 

-LJ_i_ -Lj-L-L. -i-L-Lj- J_i_L j-i-L...L -L-L 
I I I I I I I I I I I I I I I I I I I I 
�-t-➔- -�➔- ♦-� -➔-►-!- ◄- -t- ◄-► ◄-♦-�-+- -►-

' , 

'J 

I I I I I I I I I I I I I I I I I I I I I 

1 � O, IS� ---♦--1"--➔r--
,
�-➔,-

-
.. 

-
-➔�-,+

-
-,
T�

-
➔
r-

-
-➔,_

-
+r-,-r�,

➔

-
--►--,+-

-,
T�-

➔
r--►

-➔,--T+--◄r
l-"

�
-

..-
➔

r_-
.,.
r-➔ 

-'-➔-1...&. -➔-I.-'-◄- -'--1-➔-'-- -'-➔-1.-1- -'--'-

• Ql1M 

I I I I I I I I I I I I I I I I I I 
-t--t-t--+- -➔- ►-r ➔- -1--1-➔-t-- ➔-+-t--+- -t--i-

+�-..+ -4-r++ -H-4-r- ++-H- -1-+
+-t---1-+ -➔-t-r,- -�7-➔-t- ,-t-1--i- -t-:-

6. 010 ..... ,-➔-, -,-,-+-....... ➔-. ....... ..,... .................. -+-➔,-➔-, ., ....... , -+-➔,-➔-, -, ....... , -+--➔,-➔-, ., 
....... , -+.➔

,
_..., -4 

,-+-r'"f" -r-i-,-+- ➔-+-r -,-► -r,- -r,-+-r- ,-+-r-➔- -r-r 
�-1-I-+ , .. +-H-1- -, + -1-I--H- -H-1-+- 1-++f -1-+ 
i-t-�+ ,-t-�-:-t• -t-7• I L. -1-t-�7- -�7--t•t- i•t-� I -t-�
-t-�-►- -+-1--1-➔- -i- ◄-+-► ➔-►-i--t- -► -t- ♦-►- ◄-+-�-+- -►-I-

• �.o.u ..... '-,.''-'r-t-'+-,'-,.'-.-' �i--+-�'�'-',....,.'-+-f'olt�l-l,....,.1-+-�' ...... '-',....,.'-+-�' ...... '-',....,.'-+ ....... �'-4 
,-t-t+ -t-r,-+- -� ➔- - -1-�-+-t- ,-+-1-�- -t-r 
.J- ➔-1.� -•-'--I-➔- -L.J- -'--1-➔-'-- ◄-+-1...1.. •'-• 

I I I I I I I I I I I I I I I I I I I I I +-►-+- -+-1--1-+- -r ➔- - - -r-1-+-t- ➔-+-►-+- -►-i-

4-{-!-+ -+-t1-{- -i-i- 1 r-ti- ·t1-{-}- i-4-t�- -}-t
0. 0 IO 1--t..+1 -+-+...ii-+--+--+-,�-+--+,-+-, +-�-+--+-+-ti-!-1 -.--1--,�--,�_ .... -+-t-t-+-1

◄-➔-1...f. -•-��-➔- -��-•-L -►�- -►- �-+- �- -►-► 
�-���+ -i-��-�- -��-i-� ,-r-r,- -��-�-�- �-����- -�� 
+4-hr ,-+-H-4- -H-++ 4-t--H- -H-t-t-- 1-+-H- -++
j-+-L;J... -L-LJ-i. -Lj-L-L. -�-L-Lj_ -LJ-➔-L- j-•-L..J.. -�:� 

I I I I I I I I I I I I I I I I I I I I I I J I I J 
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Question 2 

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

Overview 

The responses were expected to demonstrate the ability to: 
• Complete a circuit diagram to use in an experiment to determine the identity of an unknown circuit 

component.
• Describe an experiment to properly collect data about the electric circuit over a period of time.
• Demonstrate understanding of the decrease in the current in an RC circuit and the increase of the potential 

difference across a capacitor while a capacitor is being charged.
• Write a Kirchhoff’s Loop Rule equation to describe a circuit that includes a nonideal battery that has 

internal resistance.
• Recognize how Kirchhoff’s Loop Rule equation can be used to determine the emf of the battery by 

selecting the appropriate variables to graph.
• Plot data with appropriate scaling and label axes of a graph with the appropriate quantities and units.
• Draw a best-fit line using a straightedge that follows the trend of the data.
• Use the graph and appropriate equation to determine the emf of a nonideal battery.

Sample: 2A 
Score: 12 

Part (a) earned 6 points. The first point was earned for correctly including a source of potential difference in the 
diagram. The second point was earned for correctly including an appropriately connected measuring device in the 
diagram. The third point was earned for correctly describing a procedure that includes a measurement of current and 
voltage. The fourth point was earned for correctly describing a procedure that includes a measurement at different 
times. The fifth point was earned for correctly indicating both that the current in the circuit would decrease over time 
and that the capacitor would store more charge. The sixth point was earned for correctly indicating that the potential 
difference across the capacitor would increase over time. Part (b) earned 6 points. The first point was earned for 
correctly including an equation that applies the loop rule. The second point was earned for correctly indicating 
quantities that, when graphed, result in a linear graph that allows the determination of the emf of the battery. The 
third point was earned for correctly labeling both axes with a linear scale and with correct labels and units. The 
fourth point was earned for correctly plotting the data over more than half of the grid area. The fifth point was 
earned for correctly drawing a best-fit line that approximates the data. The sixth point was earned for correctly using 
the graph to determine an experimental value for the emf with correct units of volts. 
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Question 2 (continued) 
 
Sample: 2B 
Score: 10 

Part (a) earned 5 points. The first point was earned for correctly including a source of potential difference in the 
diagram. The second point was earned for correctly including an appropriately connected measuring device in the 
diagram. The third point was earned for correctly describing a procedure that includes a measurement of current. 
The fourth point was earned for correctly describing a procedure that includes a measurement at different times. The 
fifth point was earned for correctly indicating both that the current in the circuit would decrease over time and that 
the capacitor would store more charge. The sixth point was not earned because the response does not correctly 
indicate that the potential difference across the capacitor would increase over time. Part (b) earned 5 points. The first 
point was earned for correctly including an equation that applies the loop rule. The second point was earned for 
correctly indicating quantities that, when graphed, result in a linear graph that allows the determination of the emf  
of the battery. The third point was earned for correctly labeling both axes with a linear scale, and with correct labels 
and units. The fourth point was earned for correctly plotting the data over more than half of the grid area. The fifth 
point was earned for correctly drawing a best-fit line that approximates the data. The sixth point was not earned 
because the response does not correctly determine an experimental value for the emf . This is a result of incorrectly 
calculating the inverse of the total resistance. 

Sample: 2C 
Score: 3 

Part (a) earned 2 points. The first point was earned for correctly including a battery in a complete circuit. The second 
point was not earned because the response does not correctly include a measurement device that is appropriately 
connected in the circuit. The third point was earned because the response describes the appropriate use of a 
measurement device by measuring the current in the circuit. The fourth point was not earned because the response 
does not describe taking measurements at different times or after a long time. The fifth point was not earned because 
the response does not describe a correct result of the experiment that indicates the current in the circuit decreases to 
zero over time. The sixth point was not earned because the response does not describe a correct result of the 
experiment that indicates that the electric potential difference across the capacitor increases from zero over time.  
Part (b) earned 1 point. The first point was not earned because the response does not include an equation that 
correctly applies the loop rule. The second point was not earned because the response does not indicate appropriate 
quantities that, when graphed, result in a linear graph that would allow for a determination of the emf . The third 
point was not earned because, although the response does correctly include numerical values on both axes with a 
linear scale, the scale on the y -axis is not linear. The fourth point was earned for correctly displaying the data 
plotted within at least half of the grid area. The fifth point was not earned because the response does not correctly 
display a smoothly drawn best-fit line that approximates the trend of the data. The sixth point was not earned 
because the response does not correctly determine the emf of the battery. 
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