AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2016 SCORING GUIDELINES

Question 2
15 points total Distribution
of points
(a) 2 points

For selecting “It is the same through both.” 1 point
For a correct justification 1 point
Example: The sample of wire and the resistor are in series with each other and

therefore will have the same current.
Note: Because the voltmeter is ideal, it will have no effect on the result.
No points are earned if the wrong answer is selected.

(b) 2 points

For selecting “It will depend on the resistance of the sample.” 1 point
For a correct justification including argument using Chm'’s law, voltage drop 1 point
across resistors, etc.
Example: Because the sample of wire has resistance, it cannot be known whether
the wire of the resistor has the greatest resistance and which has the higher
potential difference across it. Therefore, it will depend on the resistance of the
wire sample.
No points are earned if the wrong answer is selected.

(c) 1 point

For indicating the correct quantities for each axis 1 point
Horizontal axis: I,

Vertical axis: V., = € - Vj,

Note: Credit is received if the axes are reversed.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM

2016 SCORING GUIDELINES

Question 2 (continued)
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For a correct scale that uses more than half the grid and for correctly labeling the
axes including units

For correctly plotting given data

For drawing a straight line consistent with the given data

2 points
For correctly calculating slope using the best-fit straight line and not data points

(V, —-V;) _ (0.30-0.10) V
(I, -1;)  (0.60-0.22) A

slope = =0.526 V/A

Note: Linear regression gives slope = 0.485 V/A . (Student must indicate that the

value comes from a linear regression from the calculator, and the equation of the
line must be present.)

For correctly relating r to the slope

V. = Ipr, therefore the slope equals r

r=0.526 Q

Note: Linear regression gives r = 0.485 Q.
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2016 SCORING GUIDELINES

Question 2 (continued)

Distribution
of points
1 point
For using the equation relating resistance to resistivity with the correct or 1 point
consistent substitutions
pL AR
R="—F— so p=—1-
A P
3 2
(7)({1.00 x 107 m)"(0.526 Q)
p= (3.00 m)
p=551x10" Qem
Note: Linear regression gives p = 5.08 x 107 Qem.
2 points
For selecting “Less than” with an attempt at a justification 1 point
For a correct justification 1 point
Example: The resistance calculated from the graph is the sum of the sample
resistance plus the ammeter resistance because it is not ideal. The actual
resistance is the calculated resistance minus the ammeter resistance, and
therefore less than the calculated resistance.
No points are earned if the wrong answer is selected.
2 points
For selecting “Greater than" with an attempt at a justification 1 point
For a correct justification 1 point

Example: If the voltmeter is not ideal, that would add an additional resistor in
parallel. A parallel resistor reduces the total resistance of the circuit. This
would lead to an increase in current and a higher reading on the ammeter.

No points are earned if the wrong answer is selected.
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E Q2 A1

e g

E&M.2.

The circuit shown above consists of a source of variable emf &£, an ideal ammeter A, an ideal voltmeter V,
a resistor of resistance R, and a sample of wire with resistance r.

(a) How does the current through the wire sample compare with the current through the resistor R ?
It is greater through R. It is greater through the sample.
N __ It is the same through both.

Justify your answer.

It depends on the resistance of the sample.
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(b) How does the potential difference across the wire sample compare with the potential difference across the
resistor R ?

It is greater across R. It is greater across the sample.
It is the same across both. v it depends on the resistance of the sample.
Justify your answer.
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E Q2 A2

With the sample of wire in place, the emf of the source is set to a given value. The current through and
potential difference across the resistor R are measured. This is repeated for several values of emf, and the

data are recorded in the table below.

£(V) (V) | 1A | -Vg (V)
0.250 0.179 0.162

0.500 0.335 0.327 ] .
0.750 0.520 e 0.490

1.000 0.670 0.687 -

(c) Indicate below which quantities should be graphed to yield a straight line that could be used to calculate a
numerical value for the resistance of the wire sample.

-
Horizontal axis: _ - R - =Vp ~ 1 R X =0
Vertical axis: _£. — Vg - -VR — r

You may use the remaining columns in the table above, as needed, to record any quantities that you
indicated that are not given.

(d) On the grid below, plot the straight line data points from part (c). Clearly scale and label all axes, including
units if appropriate. Draw a straight line that best represents the data.

~a

(e) Use your straight line to calculate the value of the resistance of the wire sample.

= (‘.-.‘ 0:D‘u o 0¢C7 - ~ . P } b )
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RO |

—

Question 2 continues on next page.

Unauthorized copying or reuse of
any part of this page is illegal.
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E Q2 A3

(f) The wire sample has a length of 3.00 m and a radius of 1.00 x 10~ m . Calculate the resistivity of the
material from which the wire sample is made. .
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i. Suppose the ammeter used to collect these data was not ideal. Would the actual value of the resistance
of the wire sample be greater than, less than, or equal to that calculated in part (e) ?

Greater than V" Less than Equal to

Justify your answer.
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ii. If the ideal voltmeter is replaced by a voltmeter that is not ideal and the experiment is repeated, would
the readings of the ideal ammeter be greater than, less than, or equal to those in the data chart before

part (c) ?

l Greater than _ Lessthan ____Equalto

Justify your answer.
, ’ 4 ¢ e 1 it
f J TIEL
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E Q2 B1

L

The circuit shown above consists of a source of variable emf &, an ideal ammeter A, an ideal voltmeter V,
a resistor of resistance R, and a sample of wire with resistance 7.

E&M.2.

(a) How does the current through the wire sample compare with the current through the resistor R ?
___ Ttis greater through R. ____ Itis greater through the sample.
__i It is the same through both. ___ It depends on the resistance of the sample.
Justify your answer.

. ! o
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(b) How does the potential difference across the wire sample compare with the potential difference across the
resistor R ?

It is greater across R. It is greater across the sample.
It is the same across both. v It depends on the resistance of the sample.

Justify your answer.
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E Q2 B2

With the sample of wire in place, the emf of the source is set to a given value. The current through and
potential difference across the resistor R are measured. This is repeated for several values of emf, and the
data are recorded in the table below.

&(v) Ve (V) Ig(A) | g-Va LV
e G IR 0.250 0.179 0.162 SO\
0.500 0.335 0.327 65
¢-Ve © LRL 0.750 0.520 0.490 it
1.000 0.670 0.687 V3%

(c) Indicate below which quantities should be graphed to yield a straight line that could be used to calculate a
numerical value for the resistance of the wire sample.

Horizontal axis: e
Vertical axis: € = Va

You may use the remaining columns in the table above, as needed, to record any quantities that you
indicated that are not given.

(d) On the grid below, plot the straight line data points from part (c). Clearly scale and label all axes, including
units if appropriate. Draw a straight line that best represents the data.
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(e) Use your straight line to calculate the value of the resistance of the wire sample.
) L o \v_"go—\\
Question 2 continues on next page.
[Unauthorized copying or reuse of
any part of this page is illegal. GO ON TO THE NEXT PAGE
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E Q2 B3

(f) The wire sample has a length of 3.00 m and a radius of 1.00 x 10~ m . Calculate the resistivity of the
material from which the wire sample is made.
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"5 e

®
i. Suppose the ammeter used to collect these data was not ideal. Would the actual value of the resistance
of the wire sample be greater than, less than, or equal to that calculated in paIt (e)?
\/ Greater than _ Lessthan Equal to
Justify your answer. .
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ii. If the ideal voltmeter is replaced by a voltmeter that is not ideal and the experiment is repeated, would
the readings of the ideal ammeter be greater than, less than, or equal to those in the data chart before

part (c) ? .
Greater than Less than v Equal to
Justify your answer.
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E Q2 C1

E&M.2.

The circuit shown above consists of a source of variable emf &£, an ideal ammeter -A, an ideal voltmeter V,
a resistor of resistance R, and a sample of wire with resistance r.

(a) How does the current through the wire sample compare with the current through the resistor R ?
It is greater through R. It is greater through the sample.
A It is the same through both. It depends on the resistance of the sample.

Justify your answer.

(b) How does the potential difference across the wire sample compare with the potential difference across the
resistor R ?

It is greater across R. It is greater across the sample. .

It is the same across both. & It depends on the resistance of the sample.

Justify your answer.
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EQ2C2

With the sample of wire in place, the emf of the source is set to a given value. The current through and
potential difference across the resistor R are measured. This is repeated for several values of emf, and the

data are recorded in the table below. —
£(V) Ve(V) Ix(A)
0.250 0.179 0.162
0.500 0.335 0.327
0.750 0.520 0.490
1.000 0.670 0.687

(c) Indicate below which quantities should be graphed to yield a straight line that could be used to calculate a

numerical value for the resistance of the wire sample.
Horizontal axis: _Clare@a

N

R=%

Vertical axis: NOWaag o

You may use the remaining columns in the table above, as needed, to record any quantities that you

indicated that are not given.

(d) On the grid below, plot the straight line data points from part (c). Clearly scale and label all axes, including

units if appropriate. Draw a

straight line that best represents the data.
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(e) Use your straight line to calculate the value of the resistance of the wire sample.
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Question 2 continues on next page.
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EQ2C3

(f) The wire sample has a length of 3.00 m and a radius of 1.00 x 10~ m . Calculate the resistivity of the
material from which the wire sample is made.

E=p

®

i. Suppose the ammeter used to collect these data was not ideal. Would the actual value of the resistance
of the wire sample be greater than, less than, or equal to that calculated in part (e) ? e

P
X Greater than Less than ___ Equalto \’:‘IR x= _\é: R="+

Justify your answer. deal SUNCIEN] alue -Ce(' cCutten

TEA\ decreale . =§ Cuoven™ oec gﬁ

swe R= k.

ii. If the ideal voltmeter is replaced by a voltmeter that is not ideal and the experiment is repeated, would
the readings of the ideal ammeter be greater than, less than, or equal to those in the data chart before

part(c) ? N

Greater than X Less than Equalto L= =
Justify your answer. . .*N recorM
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM
2016 SCORING COMMENTARY

Question 2
Overview

This problem explored the relationship between resistance, voltage, and current in a simple circuit, and the
means of experimentally verifying the relationships. The concepts stressed are the relationship between
voltage, current, and resistance; the relationship between resistance and resistivity; the effects of a nonideal
voltmeter and a nonideal ammeter on a circuit; and the experimental means to determine the resistance of an
unknown resistor in a circuit.

Sample: EQ2 A
Score: 15

Part (a) earned 2 points for selecting “It is the same through both” and explaining that resistors in series will
have the same current. Part (b) earned 2 points for selecting “It depends on the resistance of the sample,” a
correct justification using Ohm'’s law, and the voltage drop across resistors. Part (c) earned 1 point for listing
the correct quantities to graph. Part (d) earned 3 points for the proper scale, labels, and units; correctly
plotting the data; and for an appropriate best-fit straight line. Part (e) earned 2 points for calculating the slope
of the line (and not using data points) and relating the slope to “r.” Part (f) earned 1 point for correctly
substituting into the formula for resistivity. Part (g)(i) earned 2 points for selecting “less than” and a
justification describing how the resistance of the ammeter affects the circuit. Part (g)(ii) earned 2 points for
selecting “greater than” and a justification describing how the resistance of the voltmeter affects the circuit.

Sample: E Q2 B
Score: 10

Parts (a), (b), (c), and (d) earned full credit. Part (e) earned 1 point for calculating the slope of the line, but there
is no indication that the slope is related to “r.” Part (f) earned 1 point for correctly substituting the answer
from part (e) into the formula for resistivity. Both parts (g)(i) and (g)(ii) earned no credit for selecting the

wrong answers.

Sample: EQ2C
Score: 6

Part (a) earned 1 point for selecting “It is the same through both,” but there is no justification. Part (b) earned
full credit. Part (c) earned no credit for indicating incorrect quantities to graph. Part (d) earned full credit
(even though the quantities chosen are not correct, all three graphing points can still be earned). Part ()
earned no credit for calculating the slope because data points are used, and the slope is not related to “r.”
Part (f) earned no credit because there is no substitution into the formula for resistivity. Both parts (g)(i) and
(g)(ii) earned no credit for selecting the wrong answers.
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