
The Physics GRE



https://www.ets.org/s/gre/pdf/practice_book_physics.pdf

http://www.physics.ohio-state.edu/undergrad/ugs_gre.php

Sample test put out by ETS

OSU physics website has lots of tips, and 4 additional tests 

Solutions to these tests are available online in some places (but not all explanations are 
good) ...

Study guides and supporting material can be borrowed for use in the PRB ...



The oscilloscope





How should we measure voltages that change quickly ? 

-

R

V

+ -

A steady current or a slowly changing current can be measured by 
an Ammeter

But the voltage may be oscillating at 10 Khz ... that is 10,000 
oscillations per second.

A steady current or a slowly changing potential  
can be measured by a Voltmeter 

-

R

V

+ -



There are two ways of using an oscilloscope

The X direction is a uniform rate 
sweep, so it marks time t  

Put the voltage V to be measured on 
the Y terminals

Comparing two different voltage sources: 

Put first voltage on the X terminals 

Put second voltage on Y terminals 
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What is the ratio of the frequency of vertical oscillations 
 to the frequency of horizontal oscillations ?



Example of an analog oscilloscope Lissajous figure, showing a harmonic relationship of 1 
horizontal oscillation cycle to 3 vertical oscillation cycles.



The Capacitor 
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V = I R
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Current flows according to Ohm's law

Wire has a break, so no current flows

There is no conductor between the two  
plates of a capacitor  

So how does any current flow? 
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I The battery pushes electrons  
out from its negative terminal. 

In effect this creates a flow of 
positive charge out of the positive 
terminal

But after a very short time electrons 
pile up near the end of the wire. 

They repel each other, pushing 
back against the pressure from the 
battery



-
-

-
- -

-

-
-

-
+

+
+ +

+ +
+ ++

-

-
-

-

-

-
-

-

-

-
-

-

-
-

-

-

--

+

+
+
+

+

+
+
+

+

+
+
+

+

+
+
+

+
+

+

Can we do anything to make the current flow go on longer ?

Suppose we expand the end of the wire so that it has  a large area ...

Then we can flow out more charge before the 'pushback' stops the current flow



Can we do even better ?

If we could place some positive charges near the negative plate, that would attract 
the electrons, and reduce the tendency of the electrons to push back ....

But where would we get such charges from ? 
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Large area A

Small distance d

The capacitor

Store a lot 
of charge !
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Q / V

Q = C V

C =
Q

V

1 Coulomb

1 Volt1 Farad

Units:

Defining capacitance 

Voltage is like a 'pressure' 

More Voltage allows storage of more charge
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At the start capacitor plates accept 
charges with no pushback

So C can be replaced with a wire

I =
V

R

-
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V

+

C

- -
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V
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With some charge, the capacitor acts 
like a 'reverse battery'

So C can be replaced with a wire

Q0 �Q0 V 0 =
Q0

C

I =
V � V 0

R

-

R

V

+
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The charge on the capacitor 
approaches

Then there is no net voltage in the 
circuit, so 

V =
Q

C�QQ

I = 0

Q = C V
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If you quickly vary the voltage, then the capacitor never charges very much 

There is hardly any 'pushback voltage'

So in this situation  C can be replaced with a wire
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R
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Energy stored in a capacitor

Start wth no charge on plates; the energy is zero 

The battery moves charge from the negative plate to the positive plate 

Suppose the charges on the plates have reached          and     

Then the potential difference is 

Move an additional charge  

This needs an energy 

Thus the total stored energy is  
  

Q0 �Q0

V =
Q0

C

dQ0

dE = V dQ0 =
Q0

C
dQ0

E =

Z Q

Q0=0

Q0

C
dQ0 =

Q2

2C

Note that  E =
Q2

2C
=

1

2
CV 2 =

1

2
QV

Q0 �Q0

dQ0



Charging/discharging  a capacitor
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C

Q(t) �Q(t)I(t)

dQ(t)

dt
= I(t)

The capacitor acts like a 'reverse battery'
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I(t)
V (t) =

Q(t)

C

V � V (t) = I(t)R

V � Q(t)

C
= I(t)R

� 1

C

dQ(t)

dt
=

dI(t)

dt
R

dI(t)

dt
= � 1

RC
I(t)

I(t) = I0e
� t

RC

I0 =
V

R

Solution

Charging



R
C

Q(t) �Q(t)I(t)

Discharging

R

I(t)
V (t) =

Q(t)

C

V (t) = I(t)R

Q(t)

C
= I(t)R

1

C

dQ(t)

dt
=

dI(t)

dt
R

dI(t)

dt
=

1

RC
I(t)

I(t) = I0e
� t

RC

I0 =
V0

R
=

Q0

RC

Q(T ) = Q0e
� t

RC

Solution
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Inductors



An inductor is just a coil

There is no resistance 

So if a steady current is passing, there is no effect of the inductor ... it is just a 
piece of ordinary wire with no resistance

But if we try to change the current, the inductor does not want to allow that to 
happen, and it resists the change ....



When current passes through the coil, there is a magnetic field generated

I = 0

I > 0

But a magnetic field costs energy, so we cannot immediately go from        to      

(a)

(b)

(a) (b)

What can stop the current from increasing?  The coil develops a reverse 
voltage, which opposes the increase of current ...



dI

dt
> 0

+ -

How much is this reverse voltage ?

Current through an inductor cannot change quickly:  the inductor will oppose the 
change 

If we make a slow change in the current, the inductor has no effect: it can be 
ignored

V / dI

dt

V = L
dI

dt
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36. Consider the quasi-static adiabatic expansion  
of an ideal gas from an initial state i to a final 
state f. Which of the following statements is 
NOT true? 

(A) No heat flows into or out of the gas. 
(B) The entropy of state i equals the entropy  

of state f. 
(C) The change of internal energy of the gas is 

- z PdV .  

(D) The mechanical work done by the gas is 
PdVz . 

(E) The temperature of the gas remains constant. 
 
 
 

 

37. A constant amount of an ideal gas undergoes the 
cyclic process ABCA in the PV diagram shown 
above. The path BC is isothermal. The work 
done by the gas during one complete cycle, 
beginning and ending at A, is most nearly 

(A) 600 kJ 
(B) 300 kJ 
(C)  0 
(D) -300 kJ 
(E) -600 kJ 

 

 

38. An AC circuit consists of the elements shown 
above, with R = 10,000 ohms, L = 25 millihenries, 
and C an adjustable capacitance. The AC voltage 
generator supplies a signal with an amplitude of 
40 volts and angular frequency of 1,000 radians 
per second. For what value of C is the amplitude 
of the current maximized? 

(A) 4 nF 
(B) 40 nF 
(C) 4 mF 
(D) 40 mF 
(E) 400 mF 

 
39. Which two of the following circuits are high-pass 

filters? 

 

(A) I and II 
(B) I and III 
(C) I and IV 
(D) II and III 
(E) II and IV 
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Charging/discharging an inductor



R
L

-+
I(t)

R

-+
I(t)

V (t) = L
dI(t)

dt

V � V (t) = I(t)R

V � L
dI(t)

dt
= I(t)R

dI(t)

dt
=

V

L
� R

L
I(t)

I(t) = I0(1� e�
R
L t)

I0 =
V

R

VV

The inductor acts like a 'reverse battery'
Solution

Charging



Discharging

R
L

I(t)

Current cannot suddenly stop, since the energy in the magnetic field cannot vanish 
suddenly ... 

So now the inductor has to act like a 'forward battery'

R
L

I(t)

V (t) = I(t)R

I(t) = I0e
�R

L t

V (t) = L(�dI(t)

dt
)

dI(t)

dt
= �R

L
I(t)

L
dI(t)

dt
= �I(t)R

Solution
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40. In the circuit shown above, the switch S is closed at t = 0. 
Which of the following best represents the voltage across the 
inductor, as seen on an oscilloscope? 

(A) 

 

(B) 

 
(C) 

 

(D) 

 
(E) 
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Oscillating currents



An oscillating current or voltage source 

I = I0 cos(!t)

V = V0 cos(!t)

I0

�I0

Average current is zero

Squaring gives positive function, average is  1

2
I20

Root mean square current  (RMS current)

Irms =
1p
2
I0



Heat dissipated

R C

L

I2R =
V 2

R
= V I

No heat 
dissipated

Heat dissipated

hI2iR = I2rmsR
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40. A series AC circuit with impedance Z consists

of resistor R,  inductor L, and capacitor C,

as shown above. The ideal emf source has 

a sinusoidal output given by max sin twe e ,  

and the current is given by max sin( ).I I tw f �

What is the average power dissipated in the 

circuit? ( rmsI  is the root-mean-square current.) 

(A) 2
rmsI R

(B) 21
2 rmsI R

(C) 21
2 rmsI Z

(D) 21 cos
2 rmsI R f

(E) 21 cos
2 rmsI Z f

GO ON TO THE NEXT PAGE.
-24-

 
 
 

   
 

 

   

 

 
 

  

 

 

 

 

 

 
 
 

 

 
 
 

   
 

 

   

 

 
 

  

 

 

 

 

 

 
 
 

 

40. A series AC circuit with impedance  Z consists 

of resistor R, inductor L, and capacitor C, 

as shown above. The ideal emf source has 

a sinusoidal output given by e   e sin wt max ,

and the current is given by I   I sin( wt � f)max .

What is the average power dissipated in the 

circuit? ( Irms  is the root-mean-square current.)

(A) I 2 Rrms 

1 2(B) I Rrms 2 

1 2(C) I Zrms2 

1 2(D) I R cos frms2 

1 2(E) I Z  cos frms2 

GO ON TO THE NEXT PAGE.  
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36. Consider the quasi-static adiabatic expansion  
of an ideal gas from an initial state i to a final 
state f. Which of the following statements is 
NOT true? 

(A) No heat flows into or out of the gas. 
(B) The entropy of state i equals the entropy  

of state f. 
(C) The change of internal energy of the gas is 

- z PdV .  

(D) The mechanical work done by the gas is 
PdVz . 

(E) The temperature of the gas remains constant. 
 
 
 

 

37. A constant amount of an ideal gas undergoes the 
cyclic process ABCA in the PV diagram shown 
above. The path BC is isothermal. The work 
done by the gas during one complete cycle, 
beginning and ending at A, is most nearly 

(A) 600 kJ 
(B) 300 kJ 
(C)  0 
(D) -300 kJ 
(E) -600 kJ 

 

 

38. An AC circuit consists of the elements shown 
above, with R = 10,000 ohms, L = 25 millihenries, 
and C an adjustable capacitance. The AC voltage 
generator supplies a signal with an amplitude of 
40 volts and angular frequency of 1,000 radians 
per second. For what value of C is the amplitude 
of the current maximized? 

(A) 4 nF 
(B) 40 nF 
(C) 4 mF 
(D) 40 mF 
(E) 400 mF 

 
39. Which two of the following circuits are high-pass 

filters? 

 

(A) I and II 
(B) I and III 
(C) I and IV 
(D) II and III 
(E) II and IV 
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We write I = Re [ I0 e
i! t ]

and just write the complex current from now on. I = I0e
i!t

dI

dt
= i!I

V = IRCompare to Reactance

V = L
dI

dt

V = (iL!)I

iL!



�QQ

I
Current    means that     coulombs 
flow into the plate each second

I I

dQ

dt
= I

Q = CV C
dV

dt
= I

V = V0e
i!t C(i!V ) = I

V = I(
1

iC!
)

V = IRCompare to
Reactance

1

iC!



R

C

L

1

iC!

V = V0e
i!t

I =
V

Reff

Reff = R+
1

iC!
+ iL!

iL!



The current is maximal when the effective resistance is minimal ...

|I| = |V |
|Reff |

Reff = R + i(� 1

C!
+ L!)

|Reff |2 = R2 + (� 1

C!
+ L!)2

If                    are fixed, and we can only vary      , then                 is minimal whenR,C,L ! |Reff |

! =
1p
LC

At this frequency we say that the circuit is in RESONANCE
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36. Consider the quasi-static adiabatic expansion  
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39. Which two of the following circuits are high-pass 

filters? 

 

(A) I and II 
(B) I and III 
(C) I and IV 
(D) II and III 
(E) II and IV 
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