Name:

AP Physics 2: 2024
Begin your response to QUESTION 3 on this page.

R,

Figure 1
3. (12 points, suggested time 25 minutes)

A circuit consists of an ideal battery of emf £ and four identical resistors Ry, Ry, R3, and Ry, each of
resistance R, as shown in Figure 1.

(a) For parts (a)(i) and (a)(ii), express your answers in terms of numerical values, £, and R only.

i. Derive an expression for the current /; in Resistor R;.

ii. Derive an expression for the current /5 in Resistor Rs.

GO ON TO THE NEXT PAGE.

AP Physics 2: 2024
Continue your response to QUESTION 3 on this page.

(b) The partially completed bar chart in Figure 2 shows a bar that represents the absolute value [AV] of the
potential difference across the ideal battery.

e In Figure 2, draw a bar to represent | AV| across each resistor, relative to the emf £ of the ideal
battery.

* The height of each bar should be proportional to the value of | AV| represented by that bar.
If |AV| is zero, write a “0” in that column.

|av|

Battery R, R, R; R,

Figure 2

A student claims that the rate at which energy is dissipated (power) by the circuit can be expressed

82
as P = 3—
5R

(c) State whether the expression for P is correct or incorrect. Justify your answer by referring to the derivations
from part (a) or the bar chart from part (b).

GO ON TO THE NEXT PAGE.




AP Physics 2: 2024

Name:

Continue your response to QUESTION 3 on this page.

Figure 3

When the ideal battery is connected in the original circuit, the rate at which energy is dissipated by Resistor R,
is Fyriginal- The ideal battery is now replaced with a nonideal battery of emf € and internal resistance r to form

the new circuit shown in Figure 3. The rate at which energy is dissipated by Resistor R; in the new circuit

is Pey-
(d) Indicate whether B, is greater than, less than, or equal to £, jgin,-
— Bew> Poriginal — Rew< R)riginal — Rew= Poriginal

Briefly justify your answer.

GO ON TO THE NEXT PAGE.

AP Physics 2: 2023
2. (12 points, suggested time 25 minutes)

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

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

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

Circuit
Component
500 Q : (j T )
AN Wire !
\

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).

iii. What results would the students expect if the component is an uncharged capacitor? Support your answer
in terms of potential difference and charge.

GO ON TO THE NEXT PAGE.
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Circuit 1 Circuit 2
2. (12 points, suggested time 25 minutes)

The two circuits shown above contain an ideal variable power supply, an ohmic resistor of resistance R, an
ammeter A, and two voltmeters Vg and Vg . In circuit 1 the ammeter has negligible resistance, and in circuit 2

the ammeter has significant internal ohmic resistance r. The potential difference of the power supply is varied,
and measurements of current and potential difference are recorded.

(a) The axes below can be used to graph the current measured by the ammeter as a function of the potential
difference measured across the power supply. On the axes, do the following.
e Sketch a possible graph for circuit 1 and label it 1.
e Sketch a possible graph for circuit 2 and label it 2.

Current

O Power Supply Potential Difference
(b) Let AVpg be the potential difference measured by voltmeter Vpg across the power supply, and let / be the

current measured by the ammeter A. For each circuit, write an equation that satisfies conservation of energy,
in terms of AVpg, I, R, and r, as appropriate.

Circuit 1 Circuit 2

AP Physics 2: 2019

(c) Explain how your equations in part (b) account for any differences between graphs 1 and 2 in part (a).

(d) Incircuit 2, R = 40 Q. When voltmeter Vpg reads 3.0 V, voltmeter Vi reads 2.5 V. Calculate the internal
resistance r of the ammeter.

(e) Voltmeter Vg in circuit 2 is replaced by a resistor with resistance 120 Q to create circuit 3 shown below.
Voltmeter Vpg still reads 3.0 V.

120 Q

Circuit 3

i. Calculate the equivalent resistance R ¢q Of the circuit.

ii. Calculate the current in each of the resistors that are in parallel.



