Unit A Review – Momentum and Impulse


A  0.080 kg  tennis ball traveling east at  15 m/s  is struck by a tennis racquet, giving the ball a velocity of  25 m/s, west.  What are the magnitude and direction of the impulse given to the ball?

	
	MAGNITUDE
	DIRECTION

	A.
	0.80 N·s
	east

	B.
	0.80 N·s
	west

	C.
	3.2 N·s
	east

	D.
	3.2 N·s
	west













Which of the following unit combinations can be used to measure impulse?

N
N·m
N/s
N·s



	Numerical Response



In a vehicle safety test, a truck of mass  1 580 kg  traveling at 60.0 km/h  collides with a concrete barrier and comes to a complete stop in  0.120 s. The magnitude of the change in the momentum of the truck, expressed in scientific notation, is a.bc  10d kg·m/s. The values of a, b, c, and d are _____, _____, _____, and _____.

(Record your four-digit answer in the numerical-response section on the answer sheet.)



	Numerical Response



A golf ball has a mass of  45.0 g. A golf club, while striking the ball, maintains contact with the ball for 3.00  104 s  so that the ball leaves the club at a speed of 72.0 m/s. The average force exerted by the club on the ball, expressed in scientific notation, is a.bc  10d N. The values of a, b, c, and d are _____, _____, _____, and _____.

(Record your four-digit answer in the numerical-response section on the answer sheet.)







A ball is thrown at a speed of  15 m/s  towards various barriers. In which case does the ball experience the greatest impulse?

The ball hits a wall and rebounds at  2.0 m/s.
The ball hits a wall and rebounds at  7.0 m/s.
The ball hits a wall, sticks to it and stops moving.
The ball breaks a window and continues moving at 10 m/s  in the same direction.



	Numerical Response



A ball that has a mass of 400 g rolls to the left with a speed of 15.0 m/s.  It collides with a wall and rolls back to the right with a speed of 11.0 m/s.  The magnitude of the impulse applied to the ball by the wall is ________ .

(Record your three digit answer in the numerical-response section on the answer sheet.)



The risk of a motorist becoming fatally injured in a vehicle collision is reduced when an airbag or a seatbelt is used because the airbag or seatbelt __i__ change in momentum by __ii__ the stopping force the motorist experiences.

The statement above is completed by the information in row

	Row
	i
	ii

	A.
	achieves the same
	decreasing

	B.
	achieves the same
	increasing

	C.
	decreases the
	decreasing

	D.
	increases the
	increasing




In an automobile collision, the severity of injury to the driver can be reduced by 
an airbag.  In a car initially travelling at 100 km/h, the airbag stops a 62 kg driver 
in 90 ms.  The magnitude of average force exerted by the airbag on the driver is

6.9  104 N
1.9  104 N
9.6  103 N
6.1  102 N





Use the following information to answer the next two questions.
 (
As a child catches a ball, he exerts a force, 
F
, on the moving ball for a time interval, Δ
t
. The mass of the ball is 250 g and its velocity changes from  +5.00 m/s  to  +1.00 m/s  as a result of the force. 
)



 The magnitude of the impulse that the child applies to the ball is

1.00 
1.25 
2.50  102 
1.00  103 

If, when catching the ball, the child had applied triple the force, then the length of time that it would have taken to slow the ball would have been

9t
3t


	



Use the following information to answer the next question.















 The area under the curve represents the

work done on the object
impulse experienced by the object
displacement of the object while the force is being applied
acceleration of the object as a result of the net force being applied




Use the following information to answer the next two questions.
 (
The initial speed of a remote-controlled toy car on a horizontal surface is 3.0 m/s. The car then experiences a force in the direction of its motion. A graph of this force as a function of time is given below. The mass of the car is 5.0 kg.
Two students analyze the motion of the car. One student looks at the first 1.0 s time interval. The other student looks at the complete 1.5 s time interval.
)































The speed of the toy car at the end of the  1.0 s  time interval is

1.4 m/s
1.6 m/s
4.6 m/s
8.0 m/s



 The magnitude of the impulse experienced by the toy car during the  1.5 s  time interval is

10  
12  
24  
40  
Use the following information to answer the next question.
	
Force–Time Graph



This graph shows the relationship between the force on a  0.801 kg  football and the time a kicker’s foot is in contact with the ball.  As a result of the kick, the football, which was initially at rest, has a final speed of  28.5 m/s.




	Numerical Response



The magnitude of the maximum force,  Fmax,  exerted on the ball during the
kicking process, expressed in scientific notation, is  a.b × 10c N.  The values
of  a, b, and c  are _____ ,  _____ , and _____.

(Record all three digits of your answer in the numerical-response section on the answer sheet.)
	



 Which of the following must be assumed before the physics principle of conservation of momentum can be applied?

The system is isolated
The system is non-isolated
The collision is elastic
The collision is inelastic



 Which of the following statements best describes an isolated system?

No external forces act on an isolated system.
Only gravitational forces act on an isolated system.
Momentum is always conserved in an isolated system.
Kinetic energy is always conserved in an isolated system.



Use the following information to answer the next question.
 (
At a coal mine, an empty hopper car that has a mass of 1.00 
 10
4
 kg  rolls at a constant speed of 2.00 m/s under a coal storage bin.  When the hopper car triggers an electromagnetic switch on the track
 below the storage bin, the bin
 drops a load of coal that has a mass of 1.20 
 10
4
 kg  in to the hopper car.
)






 (
Cross section
of coal storage bin
)


 (
Hopper car         m = 1.00 
 l0
4
kg
)

 (
v 
= 2.00 m/s
)



 (
Electromagnetic Switch
)




	Numerical Response



 The speed of the hopper car immediately after receiving the load of coal, expressed in scientific notation, is a.bc  10d m/s. The values of a, b, c, and d are _____, _____, _____, and _____.

(Record your four-digit answer in the numerical-response section on the answer sheet.)
	



A space shuttle astronaut has a mass of  110 kg  with her space suit on. She is on a space walk and picks up a full can of spray that has a mass of  20 kg.  Relative to the space shuttle, she is at rest. She then holds the can directly in front of her centre of mass to avoid rotation and releases   8.0 kg  of spray at a speed of  15 m/s.  Her speed, relative to the space shuttle, when she has stopped spraying is approximately

0.92 m/s
0.98 m/s
1.1 m/s
2.7 m/s








A  1.0 kg  cart moves to the right at  6.0 m/s  and strikes a stationary  2.0 kg  cart. After the head-on collision, the  1.0 kg  cart moves back to the left at  2.0 m/s  and the  2.0 kg  cart moves to the right at  4.0 m/s. In this collision

only momentum is conserved
only kinetic energy is conserved
both momentum and kinetic energy are conserved
neither momentum nor kinetic energy is conserved



A  75.0 kg  hockey player moving at  10.0 m/s  crashes into a second, stationary hockey player.  After the collision, the two skaters move as a unit at  4.50 m/s.  In the collision, the impulse received by the second hockey player was

1.09  103  
7.50  102  
4.13  102  
3.38  102  


A 2.0 kg magnetic puck traveling due east at 2.5 m/s collides with a 1.0 kg magnetic puck traveling due south at 3.0 m/s. They stick together on impact. What is the resultant direction of the combined pucks?

31° S of E
40° S of E
50° S of E
59° S of E



Use the following information to answer the next question.
	
A lump of clay that has a mass of  50.0 g  is moving south at a speed of  20.0 cm/s.  It collides head on with a second lump of clay with a mass of  70.0 g  that is moving north at a speed of  40.0 cm/s.




The two lumps stick together, and no external horizontal forces act on the system.  The velocity of the combined lump after the collision is 

60.0 cm/s, south 
31.7 cm/s, south 
20.0 cm/s, north 
15.0 cm/s, north 



Use the following information to answer the next question.
 (
A small explosive device sliding to the right breaks into two pieces. The momentum of fragment I after the explosion is 23 
.  
)


 (
p
II
1
2
p
I
 = 23 kg•m/s
28º
21º
)









 What is the momentum of fragment II after the explosion?

22 
23 
30 
32 
	




An empty freight car of mass  m  coasts along a track at  2.00 m/s  until it couples to a stationary freight car of mass  2m.  The final speed of the two freight cars immediately after collision is

1.50 m/s
1.33 m/s
1.15 m/s
0.667 m/s


	Numerical Response



 A  1 575 kg  car, initially travelling at  10.0 m/s,  collides with a stationary 2 250 kg  car.  The bumpers of the two cars become locked together.  The speed of the combined cars immediately after impact is __________m/s.

(Record your three-digit answer in the numerical-response section on the answer sheet.)










Use the following information to answer the next question.
 (
Two laboratory carts are placed on a frictionless surface. A spring is attached to both carts and compressed. A string holds the two carts together so that they are motionless. Cart I has a mass of 
m 
and cart II has a mass of 2.5
m
. 
The string is cut and the carts move in opposite directions; cart I has a velocity of 0.80 m/s, left. 
)


























 The speed of cart II after the string is cut is
3.1 m/s 
2.0 m/s 
0.80 m/s 
0.32 m/s

















Use the following information to answer the next two questions.
 (
In a movie stunt, a car and a train locomotive intentionally crash. The collision is illustrated in the diagram below.
)























 Immediately before the collision, the momentum of the locomotive–car system is
5.01 × 105  , 68.2° north of east
5.01 × 105  , 3.43° north of east
5.30 × 105  , 68.2° north of east
5.30 × 105  , 3.43° north of east


 The law of conservation of momentum cannot be validly applied in analyzing this collision because
the system is isolated
the system is not isolated
the collision is elastic
the collision is inelastic












Use the following information to answer the next question.
 (
A red curling rock traveling straight down a sheet of ice at  0.36 m/s  contacts a stationary blue curling rock.  After contact, the blue rock moves at  0.14 m/s  at an angle of  67º  and the red rock moves at an angle of  23º , as shown.  The mass of a curling rock is 18.8 kg.
)




 (
Red Curling Rock
Blue Curling Rock
0.36 m/s
0.14 m/s
67 º
23 º
)
















 The maximum speed of the red rock, after contact, is

0.15 m/s
0.22 m/s
0.33 m/s
0.39 m/s
	




Use the following information to answer the next question.
	
A hole is drilled in a boulder that has a mass of  250.0 kg.  An explosive charge is placed in the hole.  The boulder explodes into three main pieces that have masses of  110.0 kg,  50.0 kg,  and  90.0 kg.  The  110.0 kg  piece and the  50.0 kg  piece fly off at right angles to each other at speeds of  4.00 m/s  and  10.00 m/s,  respectively.  




 The magnitude of the momentum of the  90.0 kg  piece is

7.40 
60.0 
666 
940 



A  115 g  arrow travelling east at  20 m/s  imbeds itself in a  57 g  tennis ball moving north at  42 m/s.  The direction of the ball-and-arrow combination after impact is
46 N of E
46 E of N
25 E of N
25 N of E


The following statements all relate to a collision between any two objects on a horizontal    frictionless surface.  Which of these statements is always true?

The kinetic energy of each object before and after the collision is the same.
The momentum of each object before and after the collision is the same.
The total momentum of the two objects before and after the collision is 
the same.
With respect to the surface, the gravitational potential energy of each 
object before and after the collision increases.


 In an inelastic collision, the energy that appears to be missing is converted into

sound and momentum
force and momentum
sound and heat
heat and force


Which of the following rows identifies the nature of momentum and kinetic energy?

	Row
	MOMENTUM
	KINETIC ENERGY

	A.
	Scalar
	Scalar

	B.
	Scalar
	Vector

	C.
	Vector
	Scalar

	D.
	Vector
	Vector



















Use the following information to answer the next two questions.
	
In 1999, a satellite called the Mars Polar Orbiter was destroyed in Mars’ atmosphere.  This accident was attributed to a programming error in the guidance system.  Scientists had neglected to convert some force data from units of pounds (an imperial unit) to units of newtons (a metric unit).  The conversion they should have used is

0.224 8 lb (pounds) = 1.000 0 N (newtons)

The orbital radius of Earth around the sun is  1.50 × 1011 m.  The orbital radius of Mars around the sun is  2.28 × 1011 m.



The Mars Polar Orbiter had a total mass of  629 kg.  



During an acceleration, a force of  6.00 lb  was applied to the Orbiter for  2.50 s.  
The maximum change in the speed of the Orbiter would have been

1.06  10–1 m/s
4.24  10–2 m/s
2.38  10–2 m/s
5.36  10–3 m/s





As the Orbiter moved at  5.00  103 m/s,  it ejected a short burst of fuel perpendicular
to its direction of motion.  The mass of the Orbiter did not change significantly.  
If the burst of fuel had a momentum of  1.37  105 ,  then the Orbiter would 
have been deflected from its original direction by an angle of

0.0436
2.49
45.0
87.5
	




Momentum is classified as a       i        quantity, and in an inelastic collision 
it is      ii     .  Kinetic energy is classified as a       iii        quantity, and in an 
inelastic collision it is       iv     .   

		The statements above are completed by the information in row

	Row
	i
	ii
	iii
	iv

	A.
	vector
	conserved
	scalar
	not conserved

	B.
	vector
	conserved
	vector
	conserved

	C.
	scalar
	not conserved
	vector
	conserved

	D.
	vector
	not conserved
	scalar
	conserved



























Use the following information to answer the next question.
 (
In a movie stunt, a car and a train locomotive intentionally crash. The collision is illustrated in the diagram below.
)























	Numerical Response



The magnitude of the momentum of the car-train system immediately before the collision,
expressed in scientific notation, is a.b × 10c kg.m/s. You will need to record the values of
a and b.

The direction of the momentum of the car-train system immediately before the collision is
ef degrees, north of west. You will need to record the values of e and f.
The values of a, b, e, and f are _____, _____, _____, and _____.
	a 	b 	e 	f

(Record all four digits of your answer in the numerical-response section on the answer sheet.)





































































Unit B Review – Forces and Fields


Use the following information to answer the next question.
	
A group of students wanted to determine which of four different objects would experience an electrostatic force of repulsion from the negatively charged top of a Van de Graaff generator.

Objects Selected by the Students

	I	Neutral polystyrene ball
	II	Positively charged polystyrene ball
	III	Negatively charged polystyrene ball
	IV	North end of a bar magnet




	Which of the objects selected by the students will experience a force of repulsion from the top of the generator? 

Object III only
Objects I and III only
Objects II and IV only
Objects III and IV only
	




Use the following information for the next question.
 (
Three identical conducting spheres are mounted on insulating stands.  The spheres have charges of q
X
 = +4.00 µC, q
Y
 = 0.00 µC, and q
Z
 = 
5.00 µC.  The spheres are brought into brief contact, without grounding, in the following order:
I
sphere X touches sphere Y
II
sphere Y touches sphere Z
III
sphere Z touches sphere X
)








Which of the following rows identifies the final charge on sphere X after the steps have been completed, and whether sphere X has gained or lost electrons when compared to its initial condition?
	Row
	Final charge on sphere X
	Relative number of electrons on sphere X

	A.
	+0.25  µC
	gained

	B.
	+0.25  µC
	lost

	C.
	1.50  µC
	gained

	D.
	1.50  µC
	lost












Use the following information to answer the next two questions.
 (
A student has three identical spheres, 
K
, 
L
, and 
M
, on insulated stands equally spaced in a line as shown below. The charges on the spheres are 
q
K
 
= +3
x
, 
q
L
 
= –5
x
, and 
q
M
 
= +2
x
. 
)














The direction of the net electric force on sphere L due to spheres K and M is

to the left of the page 
to the right of the page 
toward the top of the page 
toward the bottom of the page


Use the following additional information to answer the next question.
 (
The spheres are touched together and separated, without grounding, in the following order. 
Step I
Spheres 
K
 and 
L
Step II
Spheres 
K
 and 
M
Step III
Spheres 
L
 and 
M
)








 Which of the following rows indicates the final charge present on each sphere?

 	A negatively charged sphere X is brought near, but does not touch, a grounded 
sphere Y.  The ground connection to sphere Y is removed, and then sphere X is 
moved away.  If sphere Y is then touched to an identical but uncharged sphere Z, 
the nature of the charge on sphere Y and the nature of the charge on sphere Z, 
are, respectively,

negative and negative 
positive and positive
positive and negative
negative and positive


Use the following information to answer the next question.
	
A video card contains a computer chip and other components that operate with very small electric currents in a specified range.  Currents above this range could ruin these components.  

A student decided to replace the video card in her home computer.  Her computer room is carpeted.  The following instructions were included with the new video card.

	Step 1	Unplug computer.
	Step 2	Remove computer’s outer case.
	Step 3	Touch fingers to computer’s metal chassis.
	Step 4	Remove old video card.
	Step 5	Take new video card out of packaging.
	Step 6	Touch fingers to computer’s metal chassis.
	Step 7	Insert new video card.
	Step 8	Replace computer’s outer case.
	Step 9	Plug in computer.




	Which of the following statements best explains the reason that the student should 
follow steps 3 and 6?

She could acquire excess protons from the carpet.  If these protons were 
transferred to the card, it would be damaged.
She could acquire excess electrons from the carpet.  If these electrons were transferred to the card, it would be damaged.
It is important for her to be a neutral object so that excess electrons stored 
on the card would not be attracted to her.
It is important for her to be a neutral object so that excess protons stored on 
the card would not be attracted to her.




Use the following information to answer the next two questions.





















The bottom of a thundercloud usually becomes negatively charged. Before lightning strikes, the charge of the ground directly beneath the thundercloud will become

positive by induction
negative by induction
positive by conduction
negative by conduction


During the downward lightning strike, the charge on the top of the tree becomes

negative by induction
negative by conduction
neutral by induction
neutral by conduction













Use the following information to answer the next question.
 (
A
 student is presented with a list of possible steps that may be followed in order to give a metal, conducting sphere a positive charge.  The steps are listed in a random order.
Step
Description
1
The sphere is grounded.
2
The ground is removed.
3
A positively charged rod is brought near the sphere, but does not make contact.
4
A negatively charged rod is brought near the sphere, but does not make contact.
5
The charged rod is moved away from the sphere
6
A positively charged rod is brought into brief contact with the sphere, without grounding.
7
A negatively charged rod is brought into brief contact with the sphere, without grounding.
After the student has charged sphere K, the sphere has a charge of 
+
4
.0 µC
.
)


























	Numerical Response



The steps, in order, which must be followed to give the sphere a positive charge via the process of induction are  _____, _____, _____, and _____.  There is more than one correct answer.

		(Record all four digits of your answer in the numerical-response section on the answer sheet.) 
















Two equally charged particles repel each other with a force  F.  If their separation 
is doubled, they will repel each other with a force


	A.	

	B.	
	C.	2F
	D.	4F


Which of the following graphs shows the relationship between electrostatic force, Fe, and the distance, r, between two point charges?

 (
F
e
r
) (
F
e
r
)   						B.








 (
F
e
r
) (
F
e
r
)C. 							D.







As an alpha particle and proton move apart the electrostatic force varies 

directly with the distance between the particles
inversely with the distance between the particles
directly as the square of the distance between the particles
inversely as the square of the distance between the particles


The charges on two particles are  2.00  10–8 C  and  4.00  10–8 C,  respectively.  
The electrostatic force that the charges exert on each other is  1.00  10–3 N.  
The distance between the particles is 

1.39  102 m
1.18  101 m
8.48  10–2 m
7.19  10–3 m

Use the following information to answer the next question.
 (
Three positive charges are fixed as shown in the diagram below.
)


 (
+
+
+
0.20 m
0.
5
0 m
Q
1
 = 4.0 
 10
-6
 C
Q
2
 = 
5
.0 
10
-6
 C
Q
3
 = 
8
.0 
 
10
-6
 C
)







Which of the following rows contains the magnitude and the direction of the net electric force exerted on Q2 due to Q1 and Q3?
	Row
	Magnitude of Force
	Direction of Force

	A.
	3.1 N
	Left

	B.
	3.1 N
	Right

	C.
	5.9 N
	Left

	D.
	5.9 N
	Right













	




Use the following information to answer the next question.
 (
Charged spheres I, II, and III are located as shown below. 
)









The net electrostatic force on sphere III that is caused by the charges on spheres I and II is

6.99 × 104  N, right
1.06 × 103 N, right
6.99 N, right
10.6 N, right



Use the following information to answer the next question.
 (
Three point charges are arranged as shown below.
)

 (
q
X
 = +4.00 µC
q
Y
 = 
3.00 µC
q
Z
 = +6.00 µC
0.350 m
0.200 m
)










	Numerical Response



The magnitude of the net electric force exerted on qY due to qX and qZ is ________ N.

(Record your three-digit answer in the numerical-response section on the answer sheet.)

	



Use the following information to answer the next question.
 (
Two identically charged objects are placed near a point, 
P
, as shown below.
)









Which of the following free-body diagrams, drawn to scale, illustrates the electrostatic forces acting on a positive test charge placed at point P?




Use the following information to answer the next question.
 (
Four spheres are located near each other on a 
plane, as shown below. All four 
spheres have identical charges of +2.00 
μ
C.
)
















Which of the following free-body diagrams shows the forces acting on sphere T?




















Use the following information to answer the next two questions.
 (
An electron and a proton are separated by 1.0 
 10
8
 m. The electron and proton exert an electrostatic force, F
e
, and a gravitational force, F
g
 on each other.
)




	Numerical Response



The ratio   for the electron and the proton, expressed in scientific notation, is                        a.b  10cd. The values of a, b, c, and d are _____, _____, _____, and _____.

(Record your four-digit answer in the numerical-response section on the answer sheet.)


 The acceleration experienced by the electron due to the electric and gravitational forces exerted on it will be __i__ that experienced by the proton because of the electron’s __ii__ mass.

		The statements above are completed by the information in row
	Row
	i
	ii

	A.
	greater than
	larger

	B.
	greater than
	smaller

	C.
	the same as
	larger

	D.
	the same as
	smaller































 (
I
IIL
)Use the following information to answer the next question.
 (
The diagram below shows the electric field near two point charges 
I
 and 
II.
)









 Which of the following rows identifies the nature of charge I and charge II?
	
	CHARGE  I

	CHARGE  II


	A.
	Positive

	Positive


	B.
	Positive

	Negative


	C.
	Negative

	Positive


	D.
	Negative

	Negative











	



Use the following information to answer the next question.

 (
I
I
I
I
II
IV
P
)
















An electron is placed at point P. It will accelerate toward region

I
II
III
IV




The electric field  2.0 m from a point charge has a magnitude of  8.0  104 N/C. What is the strength of the electric field at a distance of 4.0 m?

2.0  l04 N/C
4.0  l04 N/C
1.6  l05 N/C
3.2  l05 N/C

Use the following information to answer the next question.
 (
1.0 m
1.0 m
1.0 m
1.0 m
Q
1
Q
2
Q
3
-12 

C
+3.0 

C
+5.0 

C
+5.0 

C
Q
4
P
)
Four point charges are arranged as shown.














The magnitude of the net electric field at point P due to these four point charges is

5.4  104 N/C
4.5  104 N/C
2.7  104 N/C
0.0 N/C
	



Use the following information to answer the next question.
 (
Two small metal spheres are fixed to insulated stands and given static charges of          –4.00 

10
6
 
C and +2.00 

10
6
 
C, respectively. The spheres are then placed 0.500 m apart. Point 
P 
is halfway between the charged spheres.
)





 At point P, the magnitude of the electric field caused by the two charged spheres is

8.63 105 N/C
2.88 105 N/C
2.16 105 N/C
7.19 104 N/C
	Numerical Response



The electric field strength at a distance of 4.00 cm from a 1.20 × 105 C point charge, expressed in scientific notation, is a.bc × 10d N/C. The values of a, b, c, and d are _____, _____, _____, and _____.

(Record your four-digit answer in the numerical-response section on the answer sheet.)



	Numerical Response



Two parallel plates are 3.00 cm apart and there is an electric potential difference of 44.0 V between them. The electric field strength between the plates 1.00 cm from the positively charged plate, expressed in scientific notation, is a.bc × 10d N/C. The values of a, b, c, and d are _____, _____, _____, and _____.

(Record your four-digit answer in the numerical-response section on the answer sheet.)



Use the following information to answer the next question.
 (
Two positively charged spheres are placed at locations 
A
 and 
B
, as shown below.  
At point 
P
, the net electric field is  0.47 N/C  at  71.3°  from the line between 
A
 and 
P
.  The net electric field is due to the charge at 
A
 and the charge at 
B
.
)
 (
A
B
3.0 m
2
.0 m
71.3
P
)















The magnitude of the net electric field at point P that is caused by only the charge 
at B is

1.4 N/C
0.50 N/C
0.45 N/C
0.15 N/C




Use the following information to answer the next question.
 (
An electron is initially at rest at the negatively charged plate.  At the instant illustrated below, the electron has  50.0 eV 
 
of kinetic energy.
)













Numerical Response

 At any point along the path followed by the electron, the sum of the kinetic energy of the electron and its electrical potential energy, in units of electronvolts, is _______ eV.

(Record your three-digit answer in the numerical response section on the answer sheet.)
	




Use the following information to answer the next question.
 (
A moving proton has 
 
6.4 

10

16 
J  
of kinetic energy. The proton is accelerated by a potential difference of 
 
5 000 V 
 
between parallel plates.
)


 (
proton
v
o
v
0 V
_
 5000 V
+
+
)










What is the speed of the proton when it emerges from the region between the two plates?

8.8 105 m/s
9.8 105 m/s
1.3 106 m/s
1.8 106 m/s





The volt is the SI unit of potential difference. An equivalent SI unit may be written as

J/A
J/C
N/C
A/


When a charge is accelerated through a potential difference of  500 V, its kinetic energy increases from  2.0  10-5 J  to  6.0  10-5 J.  What is the magnitude of the charge?

4.0  10-8 C
8.0  10-8 C
1.2  10-7 C
1.6  10-7 C

Use the following information to answer the next four questions.
 (
A negatively charged, graphite-coated sphere is suspended from the ceiling on an insulating string in the region between oppositely charged parallel plates, as illustrated below.
The plates are 20.0 cm apart and are maintained at an electrical potential
difference of 3.1 
 10
2
 V. The charged sphere experiences an electrical force
of  8.4 
 10
–7
 
N.
)
























Numerical Response

The charge on the graphite-coated sphere, expressed in scientific notation, is                a.b  10-cd C.  The values of a, b, c, and d are _____, _____, _____, and _____.

(Record all four digits of your answer in the numerical response section on the answer sheet.)


One way to give the graphite-coated sphere a negative charge is to touch it with a __i__ charged rod.  This process is called charging by __ii__.

The statement above is completed by the information in row

	Row
	i
	ii

	A.
	positively
	induction

	B.
	positively
	conduction

	C.
	negatively
	induction

	D.
	negatively
	conduction




Which of the following scale diagrams is the free-body diagram for the negatively charged sphere?





Use the following additional information to answer the next question.
 (
The charged plates are now removed. The positively charged plate is replaced by the north pole of a strong magnet and the negatively charged plate is replaced by the south pole of a strong magnet. The system is allowed to reach equilibrium.
)





As a result of the magnetic field, the negatively charged, graphite-coated sphere will

swing back and forth between the magnetic poles
be deflected toward the magnetic north pole
be deflected toward the magnetic south pole
hang midway between the magnetic poles

The electric field strength that is just sufficient to suspend a proton in Earth’s 
gravitational field near Earth’s surface is

8.94  10–30 N/C
1.64  10–26 N/C
5.58  10–11 N/C
1.02  10–7 N/C


An oil drop of mass 6.6 × 10–14 kg is suspended in an electric field of 2.0 × 106 N/C between horizontal plates that are 4.0 × 10–2 m apart. The number of excess electrons on the oil drop is

1
2
5
20



Use the following information to answer the next three questions.
	
In a Millikan-like oil-drop experiment, a charged oil drop is suspended in the region between two horizontal parallel plates that are  2.00 cm  apart.  The electric field between the plates is  1.76  104 N/C,  toward the top plate.  The mass of the oil drop is  8.61  1016 kg.




The electrical potential difference between the parallel plates is

3.52  102 V
8.80  103 V
3.52  104 V
8.80  105 V



The type and magnitude of charge present on the oil drop is

–4.80  10–19 C
–1.60  10–19 C
+1.60  10–19 C
+4.80  10–19 C






Use the following additional information to answer the next question.
	
The oil drop is irradiated with high-energy X-rays.  The charge on the drop changes and the drop accelerates upward.  




If the magnitude of the new charge on the drop is  8e,  then the drop’s net upward acceleration is

9.81 m/s2
16.4 m/s2
26.2 m/s2
36.0 m/s2
	



Numerical Response

The number of excess electrons on a ball that has a charge of  –3.60  10–17 C,
	 	expressed in scientific notation, is  a.bc  10d.  The values of  a, b, c, and d  
are _____ ,  _____ ,  _____ , and _____ .  

(Record all four digits of your answer in the numerical-response section on the answer sheet.)


Use the following information to answer the next question.
 (
In all electronic camera flashes, there is a capacitor, which is a device that allows large quantities of charge to be stored. The charge accumulates and is then released very quickly.
The electrical energy stored in a capacitor is given by 
where 
V 
= potential difference across the capacitor
and 
C 
= the capacitance of the capacitor in farads
)










Which of the following combinations of coulombs, joules, and/or volts is equivalent to a farad?



Use the following information to answer the next four questions.
 (
One of the methods used to link a person to a crime scene is DNA fingerprinting. DNA fingerprints are as unique as the patterns on fingertips. The laboratory procedure used to produce a DNA fingerprint is called gel electrophoresis.
The apparatus used in gel electrophoresis consists of two parallel plates that have an electrical potential difference between them. A layer of thick gel is placed in the region between the parallel plates such that the electric field direction is parallel to and inside the layer. In one step in creating a DNA fingerprint, molecules from a sample are given an electrical charge turning them into ions. These ions are placed at one end of the gel layer next to the negatively charged plate. As a result of the electrostatic repulsion, the electrical
force does work moving the ions through the thick gel. Ions with a smaller size
or a larger charge move farther through the gel layer.
)



























When the molecules in the biological sample are turned into ions,

protons are added
electrons are added
protons are removed
electrons are removed


As an ion moves toward the positively charged plate, the magnitude of the electrical force experienced by the ion

A. increases as the distance decreases
B. is constant as the distance decreases
C. increases as the square of the distance decreases
D. decreases as the square of the distance decreases





Numerical Response

The magnitude of the electric field between the plates, expressed in scientific notation, is      a.bc  10d N/C. The values of a, b, c, and d are _____, _____, _____, and _____.

(Record all four digits of your answer in the numerical-response section on the answer sheet.)


In forming a DNA fingerprint, a particular ion has been moved 3.00 cm through the gel. The magnitude of the charge of the ion is 2e. The work done by the electrostatic force to move the ion this distance is

1.20 ×102 eV
1.20 ×102 J
4.00 ×102 eV
4.00 ×102 J



































Use the following information to answer the next four questions.
 (
Coulomb Explosion
A Coulomb explosion occurs when a high-energy complex ion is brought to
 
rest in a
 
collision with a solid object.  In one such collision, a
 
helium–hydrogen ion, He
H
+
, collides with a carbon foil target.  During this collision, all of the electrons are stripped from the incident helium–hydrogen ion.  The ion splits into an alpha particle, 
2+
, a
nd a proton, p
+
.  
Properties of a Helium–Hydrogen Ion (HeH
+
)
Kinetic energy before collision
3.00 MeV
Length of helium–hydrogen bond
8.00 
 10
–11
 m
Mass  
8.32 
 10
–27
 kg
Energies of Scattered Particles
Alpha particle
2.20 MeV
Proton
0.600 MeV   
Electrons and electromagnetic radiation are also detected.
)

































The minimum electric potential difference required to accelerate the 
helium–hydrogen ions from rest is

3.00 eV
3.00 MeV
3.00 MV
3.00 MJ






The conservation principle that is necessary to predict the number of electrons that should be produced when one helium–hydrogen ion (HeH+) turns into an alpha particle and a proton is the conservation of

mass
charge
energy
momentum


The electrostatic force of repulsion of the alpha particle and the proton on each other immediately after the collision is

3.60  108 N
7.19  108 N
2.88  1018 N
5.75  1018 N


As the alpha particle and proton move apart the electrostatic force varies

directly with the distance between the particles
inversely with the distance between the particles
directly as the square of the distance between the particles
inversely as the square of the distance between the particles

























Use the following information to answer the next question.
 (
An electron is traveling in an electric field, as shown below.
)
 (
_
electron
Parallel plates
v
+
+
+
+
+
+
+
+
+
+
_
_
_
_
_
_
_
_
_
_
)









Which of the following rows describe the electrostatic force acting on the electron while in the field?
	Row

	Magnitude of Force
	Direction of Force

	A.
	changing
	toward the positive plate

	B.
	changing
	toward the negative plate

	C.
	constant
	toward the positive plate

	D.
	constant
	toward the negative plate












	




Use the following information to answer the next question.
 (
An electron is fired into an electric field between oppositely charged plates, as shown below.
)









The path taken by the electron while inside the electric field resembles the path taken by

a rock thrown horizontally from a high cliff
an alpha particle entering a magnetic field perpendicularly
a hammer tied to a string and whirled above a person’s head
a charged oil drop released in the region between oppositely charged plates






Use the following information for the next two questions.
 (
An electron beam enters the region between two oppositely charged parallel
plates near the negatively charged plate, as shown below. The plates are
0.150 m long and are 0.040 m apart. There is an electrical potential
difference of 60.0 V across the two plates which creates an electric field in
the region.
The path of the electrons just touches the edge of one of the plates as the
beam exits the region between the parallel plates.
Physics Principals:
Uniform motion (balanced forces)
Uniformly accelerated motion (unbalanced forces)
Circular motion (unbalanced forces)
Work-energy theorem
Conservation of momentum
Conservation of energy
Conservation of mass-energy
Conservation of charge
Conservation of nucleons
Wave-particle duality
)






























Numerical Response

The two physics principals required to determine the minimum initial speed of an electron in the beam, in the order of their use, is _____ and _____.

(Record your two-digit answer in the numerical-response section on the answer sheet.)


Numerical Response

The minimum initial speed of an electron in the beam, expressed in scientific notation, is       a.bc  10d m/s. The values of a, b, c, and d are _____, _____, _____, and _____.

(Record all four digits of your answer in the numerical-response section on the answer sheet.)




Which of the following diagrams best shows the magnetic field lines between the poles of two permanent magnets?
 (
N
S
N
N
NS
N
S
N
S
N
N
S
N
A.
C.
B
.
D
.
)




















Which of the following diagrams best shows the magnetic field due to a long straight wire carrying a conventional current I as shown?

	A.







	
	
	

	C.
	
	D.
	









Use the following information to answer the next question.
 (
Two parallel wires carry currents in the same direction. The wires are viewed from the ends as shown in the diagram.
)

 (
e
-
e
-
Perspective View
Front View
)







Which of the following diagrams best represents the magnetic field in the region near the wires?

	A.
	






	B.
	

	C.
	








	D.
	


	



Use the following information to answer the next question.
	
Magnetic Field Near a Current-Carrying Wire






In the diagram above, the direction of the magnetic field at point P that would be produced by the electron motion would be

into the page
out of the page
toward the top of the page
toward the bottom of the page

A current-carrying wire is placed in an external magnetic field.  The magnetic field exerts a force of  2.4 × 10–3 N  on the wire when the current is  4.0 A.  The length of the wire perpendicular to the magnetic field is  2.0 cm.  The strength of the magnetic field is
 
1.9 × 10–6 T
1.9 × 10–4 T
3.0 × 10–4 T
3.0 × 10–2 T


61. A unit combination equivalent to the tesla is












Use the following information to answer the next question.
 (
A 
long, straight wire carries a current of 2.00 A. The magnetic field strength around the current-carrying wire can be calculated using the equation
Where k’= 2.00 
 10
-7
 T·m/A
            B = magnetic field strength (T)
             I = current in wire (A)
                               r = distance from centre of wire (m)
)











Numerical Response

The magnetic field strength  15.0 cm  from the centre of the wire, expressed in scientific notation, is a.bc  10–d T.  The values of a, b, c, and d are ____, ____, ____, and ____.

(Record your three digit answer in the numerical-response section on the answer sheet.)






Use the following information to answer the next question.
 (
A battery and a switch are connected in a circuit.  A compass is placed on top of one of the wires, as shown.
)












Which one of the following diagrams best represents the direction in which the compass will point when the switch is closed?

	A.
	
	B.
	

	C.
	
	D.
	

























Use the following information to answer the next question.
 (
A wire carrying 12 A of current is placed in a magnetic field of strength  0.63 T  that is directed into the page, as shown below.
)


 (
I
e
-
0.25 m
0.
1
5 m
)

















Which of the following rows identifies the magnitude and direction of the magnetic force acting on the wire?

	Row
	Force
	Direction

	A.
	1.1 N
	toward the bottom of the page

	B.
	1.1 N
	toward the top of the page

	C.
	1.9 N
	toward the bottom of the page

	D.
	1.9 N
	toward the top of the page



	




Numerical Response

A straight length of wire that is  50.0 cm  long has a weight of 0.389 N and a current of 0.250 A passes through it. The wire remains suspended when placed perpendicularly across a magnetic field. The strength of the magnetic field is __________ T.

(Record your three-digit answer in the numerical-response section on the answer sheet.)







Use the following information to answer the next question.
 (
The diagram below shows an experimental design used to investigate the effect of a magnetic field on a vertical current-carrying conductor. The aluminum rod is able to swing freely.
)






 (
Retort stand
)













When the switch is closed, a current in the circuit causes the bottom end of the aluminum rod to swing

toward the retort stand
away from the retort stand
toward the south pole of the magnet
toward the north pole of the magnet
	



Use the following information to answer the next question.











The magnetic field created inside the solenoid is directed

 into the page
 out of the page
 toward the left of the page
 toward the right of the page
Use the following information to answer the next question.
 (
A negatively charged particle is projected into a magnetic field, as shown in the diagram below. 
)














As the negatively charged particle enters the magnetic field, the direction of the magnetic force that it experiences is 

into the page
out of the page 
toward the top of the page
toward the bottom of the page


An electron with velocity v moves in a magnetic field of strength B and experiences a force F. An alpha particle with velocity v/2 moves through a magnetic field of strength 5B and experiences a force of

2F/5
5F/2
5F
10F


An alpha particle and an electron traveling at the same velocity enter perpendicularly the same perpendicular uniform magnetic field. Which of the following statements concerning the acceleration of the particles is correct?

The acceleration of the alpha particle is greater because it experiences the greater force.
The acceleration of the electron is greater because it experiences the greater force.
The acceleration of the alpha particle is greater because its mass is greater. 
The acceleration of the electron is greater because its mass is smaller.



62

Use the following information to answer the next question.
 (
Moving electrons can be deflected by electric fields, gravitational fields, and magnetic fields. One electron is allowed to enter each type of field, as shown below.
     
)







 (
•  
  
Represents field out of surface
  
 
Represents field into surface
)


















If the electron is deflected downward in each field, then field 1, field 2, and field 3 are, respectively,

electric, magnetic, and gravitational
gravitational, magnetic, and electric
magnetic, gravitational, and electric
magnetic, electric, and gravitational
	




A proton is traveling at  2.3  106 m/s  in a circular path in a  0. 75 T  magnetic field. What is the magnitude of the force on the proton?

1.6  10-24 N
2.9  10-21 N
2.8  10-13 N
1.7 N





Use the following information to answer the next question.
 (
With the electromagnet turned off, electrons in a cathode ray tube strike the centre of the screen as shown.
)


 (
Electromagnet
)


 (
Electron gun
) (
Cathode ray tube
)











When the electromagnet is turned on, where will the electron beam now strike the screen?

1
2
3
4
	




Use the following information to answer the next question.
 (
A positively charged ion passes under a current-carrying wire, as shown below.
)

 (
+
Positive ion
v
I
Wire conductor
e
-
)






 In what direction will the positive ion experience a magnetic force due to the magnetic field around the wire conductor?

into the page
out of the page
toward the conductor 
away from the conductor 




Use the following information for the next two questions

















A biochemist uses a mass spectrometer to identify pollutants in a water sample. A mass spectrometer typically consists of four chambers, as shown above.


Why do ions of only a certain speed pass through the velocity selection chamber without deflection?

Only these ions possess the charge needed to be undeflected by the fields. 
The electric field strength is the same as the magnetic field strength.
Ions traveling at other speeds have insufficient Ek to pass through the chamber. 
The net deflecting force, from the electric and magnetic fields, is zero for only these ions.


Which derived equation could be used to determine the speed of the ions as they enter the ion separation chamber?














Use the following information to answer the next four questions.
	
An investigation is performed using the apparatus shown below.  Electrons are accelerated from rest from the cathode by an electric potential difference.  The cathode and anode are  2.00 × 10–2 cm  apart.  The electrons reach a speed of  2.10 × 107 m/s  as they pass through the hole in the anode.



Electrons then pass undeflected through a region in which there is both an electric and a magnetic field.  The electric field is produced between plate I and plate II, which are  3.00 cm  apart.  The electric potential difference between the plates is  12.0 V.  Two current-carrying coils produce a magnetic field that is perpendicular to the electric field.




	Numerical Response



The electric potential difference between the cathode and the anode, expressed in scientific notation, is a.bc  10–d V.  The values of a, b, c, and d are ____, ____, ____, and ____.

(Record your three digit answer in the numerical-response section on the answer sheet.)


The electric field between plate I and plate II is

	A.	4.00 × 102 V/m, toward plate I
	B.	4.00 × 102 V/m, toward plate II
	C.	4.20 × 104 V/m, toward plate I
	D.	4.20 × 104 V/m, toward plate II



Use the following additional information to answer the next question.
	
The apparatus is then modified so that there is no electric field between plate I and plate II.  The current flowing to the solenoids is adjusted so that the electrons are deflected in a circular path of radius  2.05 cm  with a speed of  2.10 × 107 m/s.  




	Numerical Response



The magnitude of the magnetic field between the coils, expressed in scientific notation, is   a.bc × 10–d T.  The values of  a, b, c, and d  are _____, _____, _____, and _____.

		(Record all four digits of your answer in the numerical-response section on the answer sheet.) 



	
Which of the following free-body diagrams shows the forces acting on an individual electron as it passes undeflected between plate I and plate II?	













Use the following information to answer the next question.
 (
Electrons can produce gravitational, electric, and magnetic fields as a result of
the following properties.
1 
Charge
2 
Mass
3 
Speed
)








Numerical Response

 Match electron properties as listed above with the field they produce as given below.  You may use a number more than once.  There is more than one correct answer.

	Property:
	________
	________
	________  and   ________

	Field:
	Gravitational Field
	Constant Electric Field
	Magnetic 
Field



(Record all four digits of your answer in the numerical-response section on the answer sheet.)






























Use the following information to answer the next question.
 (
A bar magnet is dropped through a solenoid, as shown below.
)

 (
N
S
X
)
















Which of the following rows matches the direction of the induced electron flow in the wire with the location of the falling magnet?


	Row
	Magnet enters the top of the solenoid
	Magnet leaves the bottom of the solenoid

	A.
	From X to Y
	From X to Y

	B.
	From X to Y
	From Y to X

	C.
	From Y to X
	From Y to X

	D.
	From Y to X
	From X to Y




















Use the following information to answer the next question.
 (
A copper ring is suspended by insulating string. The north pole of a bar magnet is
brought toward the ring.
The approaching magnet induces an electron flow in the copper ring. The interaction
of the magnetic effects of the induced electron flow and the bar magnet causes the
ring to swing.
)






















 The ring swings __i__ the magnet and the electron flow at point P is toward the
__ii__  of the page.


The statement above is completed by the information in row

	Row
	i
	ii

	A.
	away from
	top

	B.
	away from
	bottom

	C.
	toward
	top

	D.
	toward
	bottom
















Use the following information to answer the next two questions.
 (
Electrons are accelerated from rest by an electric potential difference of 3.0 × 10
2
 
V. These electrons enter a region that contains mutually perpendicular electric and magnetic fields. The electric field has a magnitude of 8.5 × 10
5
 N/C and the magnetic field has a magnitude of 2.0 × 10
1
 T.
)


















Numerical Response

 The magnitude of the instantaneous acceleration experienced by an electron as it first enters the region containing the perpendicular fields, expressed in scientific notation, is a.b × 10cd m/s2.  The values of a, b, c, and d are _____,  _____,  _____, and  _____.


(Record all four digits of your answer in the numerical-response section on the answer sheet.)


Numerical Response


 Two of the physics principles numbered on the data sheet must be used to determine the magnitude of the instantaneous acceleration experienced by an electron as it first enters the region containing the perpendicular fields.  The two principles, in the order in which they must be used, are

	Number:
	___________
	and
	___________

	Physics Principal:
	Used First
	
	Used Second



(Record the two digits of your answer in the numerical-response section on the answer sheet.)









Use the following information to answer the next question.
 (
A group of students conducts an investigation to determine the horizontal component of
Earth’s magnetic field, 
B
Earth
. Their apparatus is shown below.
The compass is placed on the plywood so that the compass needle points toward the
conductor and toward the north, N, symbol on the compass. The switch is closed, and the
variable electrical potential difference source is set to a non-zero voltage. The current is
measured using the ammeter, and the angle of deflection of the compass needle is measured
using a protractor. Several trials are conducted with increased voltages.
)















































 (
The students’ data are plotted below.
)




























Numerical Response

 The y-intercept of the line of best fit, expressed in scientific notation , is a × 10b (no units).  You will need to record the values of a and b.

Using the slope, the experimental value of the magnitude of BEarth, expressed in scientific notation, is e.f  × 10g T.  You will need to record the values of e and f.

The values of a, b, e, and f are _____, _____, _____, and _____.
	a	b	e	f

(Record all four digits of your answer in the numerical-response section on the answer sheet.)

 Unit C — Electromagnetic Radiation

An electromagnetic wave is created by

a constant electromagnet
a changing field of any kind
a magnet in an electric field
an accelerating electric charge


Use the following information to answer the next question.
 (
Possible Sources of Electromagnetic Radiation
I 
A charged plastic sphere accelerates from the positive plate
to the negative plate in a Millikan apparatus.
II 
Cathode rays travel at constant velocity in a vacuum.
III 
Gamma rays travel through a perpendicular magnetic field.
IV 
Beta positive particles travel perpendicular to a magnetic field.
)











Electromagnetic radiation is produced by

source I only
sources I and IV
source II only
sources I and III
	




When the regions of the electromagnetic spectrum are arranged in order of increasing wavelength, this order is

gamma, visible, radio, ultraviolet
radio, visible, ultraviolet, gamma
gamma, ultraviolet, visible, radio
ultraviolet, visible, gamma, radio


Which of the following sentences describes the electric and magnetic field components of an electromagnetic wave?

 The changes in their magnitudes are equal.
 The changes in their magnitudes are unrelated.
 They are parallel to the direction of wave propagation.
 They are perpendicular to the direction of wave propagation.

Numerical Response

An electromagnetic wave has a frequency of  2.00  1024 Hz. The speed of the wave in a vacuum, expressed in scientific notation, is   a.bc × 10d m/s.  The values of  a, b, c, and d  are _____, _____, _____, and _____. 

(Record your three digit answer in the numerical response section of your answer sheet.)


Use the following information to answer the next question.
 (
The Electric Field Component of an Electromagnetic Wave in a Vacuum
)


 (
1
31
51
71
t
  (10
-6
s)
)










The wavelength of this electromagnetic wave is

6.0  102 m
1.2  103 m
2.5  105 m
7.5  1013 m
	



For electromagnetic radiation, the electric field and magnetic field components                      are          i       to each other, and        ii        to the direction of propagation of the electromagnetic radiation.

The statements above are completed by the information in row
	Row
	i
	ii

	A.
	parallel
	parallel

	B.
	parallel
	perpendicular

	C.
	perpendicular
	parallel

	D.
	perpendicular
	perpendicular








 (
Several Methods Used to Estimate the Speed of Light
1 
Observe the time delay for an eclipse of a moon of Jupiter.
2 
Observe the time delay between uncovering a light on one mountain
 
and having an observer on another
 mountain react to the sign and 
uncover a second light.
3 
Observe the interference pattern produced by a single source that emits
 
light that travels slightly different but precisely measured distances.
Numerical
)Use the following information to answer the next question.












Numerical Response

When the methods given above are ordered from the one that produced the least accurate estimate to the one that produced the most accurate estimate, the order is

	_________
	_________
	_________

	Least 
accurate
	
	Most 
accurate






(Record all three digits of your answer in the numerical-response section on the answer sheet.)
	




 (
In a Michelson-type experiment, electromagnetic radiation (EMR) is incident on an initially stationary 12-sided mirror.  The EMR reflects off of the mirror, travels 35.0 km to a stationary plane mirror, reflects off the plane mirror, returns to the 12-sided mirror, reflects off the mirror, and is detected as a maximum intensity.
When the 12-sided mirror begins to rotate, the EMR detected falls to a minimum.  A maximum value is attained when the rotational frequency of the 12-sided mirror reaches 350 Hz.
)Use the following information to answer the next question.










Numerical Response

Based on the experimental results, the speed of light, expressed in scientific notation,  is         a.bc  10d m/s.  The values of  a, b, c, and d  are  _____, _____, _____, and _____.

		(Record all four digits of your answer in the numerical-response section on the answer sheet.) 







Use the following information to answer the next question.
 (
One accurate method to measure the speed of light is illustrated below. When the 8-sided mirror is stationary, light from the source reflects from surface I, travels to the stationary mirror, reflects from surface IV, travels back to the 8-sided mirror, reflects from surface III, and is incident on the detector.
As the 8-sided mirror begins to rotate, the light does not follow the path illustrated. Eventually, as the frequency of rotation of the mirror increases, a series of light pulses follow the path illustrated.
)

























The minimum frequency at which the 8-sided mirror must rotate so that a pulse of light follows the path illustrated is

5.36 102 Hz
1.07 103 Hz
4.29 103 Hz
3.43 104 Hz




Use the following information to answer the next question.
 (
In a Michelson-type experiment, the path followed by a beam of light when the 8
sided mirror is at rest is as shown below. The detector indicates a maximum signal. As the 8
sided mirror begins to rotate, the beam of light no longer follows this path, and the detector indicates a decreased signal.
Note:
  This diagram is 
not
 to scale.
)






















Once the 8‑sided mirror is rotating, the frequency of rotation for which the detector will first indicate a maximum signal is

 6.25 × 102 revolutions per second
 1.25 × 103 revolutions per second
 5.00 × 103 revolutions per second
 1.00 × 104 revolutions per second



















 (
GPS Satellite
Global Positioning System (GPS) satellites emit a signal in the form of pulses of electromagnetic radiation at fixed intervals.  A particular GPS satellite orbits at a fixed height of  20 200 km above Earth’s surface.  The frequency of the radiation that the satellite emits is  1 575.42 MHz.  
)Use the following information to answer the next two questions.





























The wavelength of this satellite’s signal is

1.90  10–7 m
0.190 m
5.25 m
5.25  106 m



	Numerical Response



The time required for a signal to travel from the satellite to an object on Earth directly below the satellite, expressed in scientific notation, is  a.bc  10–d s.  The values of  a, b, c, and d  are _____,  _____,  _____, and _____.

(Record all four digits of your answer in the numerical-response section on the answer sheet.)




 (
When white light from the sun strikes a flint-glass bead, the white light is separated into its component colours, two of which are illustrated in the diagram below.
)Use the following information to answer the next question.



















Which of the following statements contains a valid prediction of the relative indices of refraction for red and violet light and a justification of that prediction?

The index of refraction of red light in flint glass is greater than that of violet light because red light refracts more inside the flint-glass bead.

The index of refraction of red light in flint glass is less than that of violet light because red light refracts less inside the flint-glass bead.
The index of refraction of violet light in flint glass is greater than that of red light because violet light reflects more inside the flint-glass bead.
The index of refraction of violet light in flint glass is less than that of red light because red light reflects less inside the flint-glass bead.
	




	Numerical Response



On a particular day, the index of refraction of a  5.00 MHz  radio signal in Earth’s atmosphere is 1.81.  The critical angle for this radio signal is __________.
(Record your three-digit answer in the numerical-response section on the answer sheet.)





Use the following information to answer the next question.
 (
In an experiment, white light from an incandescent bulb is directed at a diffraction grating and the resulting spectrum is projected on to a screen, as shown below. The experiment is repeated with a triangular prism instead of a diffraction grating.
)




 (
Triangular prism
Diffraction grating
Screen
I
II
III
IV
White light
White light
)



























Which of the following rows best describes the colour of light that would be found at each of the locations on the screen, as numbered above?

	Row
	I
	II
	III
	IV

	A.
	red
	blue
	red
	blue

	B.
	red
	blue
	blue
	red

	C.
	blue
	red
	blue
	red

	D.
	blue
	red
	red
	blue










	Numerical Response



Visible light that has a wavelength of 6.00 × 10–7 m in air is directed into fused quartz. The index of refraction of fused quartz is 1.46. The wavelength of this light inside the fused quartz, expressed in scientific notation, is __________ × 10–w m. 

(Record your three-digit answer in the numerical-response section on the answer sheet.)



Use the following information to answer the next question.
 (
Students use various apparatus to investigate optical phenomena. During their investigations, they make the following eight observations.
Observations
1 
The apparatus produces a continuous spectrum with white light.
The apparatus produces a bright-line spectrum with white light.
The apparatus produces an interference pattern with monochromatic light.
The apparatus produces a single bright line with monochromatic light. 
The apparatus bends red light through a smaller angle than it bends blue light.
The apparatus bends red light through a larger angle than it bends blue light.
The apparatus produces a single spectrum when white light is incident perpendicular to the apparatus.
The apparatus produces multiple spectra when white light is incident perpendicular to the apparatus.
)





















	Numerical Response



Four observations that could be produced using only a triangular glass prism are numbered _____, _____, _____, and _____. 

(Record all four digits of your answer in lowest-to-highest numerical order in the numerical-response section    on the answer sheet.)







Use the following information to answer the next four questions.
 (
Light that has a wavelength of  4.00 
 10
7
 m in air is incident on a glass block that has an index of refraction of 1.50, as shown below.
)


 (
n
glass
 = 1.50
 = 30.0
Incident light
Normal
)










The quantity or quantities that remain the same as the light enters the glass block is the light’s

speed, only
frequency, only
speed and wavelength, only
speed, frequency and wavelength


Light that reflects off of the glass block will have an angle of reflection of       i       .  As the light enters the glass block, the light will bend        ii        the normal.

The statements above are completed by the information in row
	Row
	i
	ii

	A.
	30.0
	toward

	B.
	30.0
	away from

	C.
	60.0
	toward

	D.
	60.0
	away from



	Numerical Response



 The angle of refraction of the light in the block is _________ .
(Record your three-digit answer in the numerical-response section of your answer sheet.)

	Numerical Response



 The critical angle for the air-glass interface is _________ .
(Record your three-digit answer in the numerical-response section of your answer sheet.)
Use the following information to answer the next question.
 (
A group of students conducts a series of tests to determine which combination of
optical media results in the largest critical angle for one wavelength of visible light.
The table below lists the index of refraction for each of the media used.
)
















 The largest critical angle for this wavelength of visible light will be produced for the path from
glass to quartz
quartz to glass
water to flint glass
flint glass to water



 An object is placed 35.0 cm from a diverging lens that has a focal length of 20.0 cm.  The image produced is

real and larger than the object
real and smaller than the object
virtual and larger than the object
virtual and smaller than the object












Use the following information to answer the next question.
 (
A concave mirror, its central axis, and an object are shown in the diagram
below.
The distance from the object to the focal point is 2.40 cm and the focal length of the mirror is 4.30 cm.
)





















The distance from the image to the mirror is
0.083 cm
0.184 cm
5.43 cm
12.0 cm
	



At what distance above this page would a convex magnifying lens that has a focal length of    10.0 cm have to be held for the image of the letters to appear upright and 3 times as tall?

3.33 cm
6.67 cm
13.3 cm 
15.0 cm







Use the following information to answer the next question.
 (
Some physics students 
do an experiment to find the focal length of a converging lens.  They set up an optical bench and measure the image distance as a function of the object distance.
Their data are plotted below.
)












































	Numerical Response



 The slope of the line is –a.b. You will need to record the values of a and b.

Using the y-intercept, the experimental value of the focal length of the lens, expressed in
units of centimetres, is ef cm. You will need to record the values of e and f.

The values of a, b, e, and f are _____, _____, _____, and _____.
	a 	b	 e 	f

(Record all four digits of your answer in the numerical-response section on the answer sheet.)


































A diverging lens has a focal distance of 10.0 cm.  If an object is place 15.0 cm from the lens, the image produced will be

real and erect
real and inverted
virtual and erect
virtual and inverted



Use the following information to answer the next question.
 (
In a laboratory experiment, a microwave generator is used to produce a beam of monochromatic microwaves. These waves are incident on a series of metal tubes that forms a diffraction grating. The metal tubes are spaced 1.80 cm apart.
When the microwave signal passes through the grating, a receiver placed 52.0 cm from the grating detects a maximum signal. A first
order maximum signal is also detected at each of positions I and II, as labeled in the diagram below.
Note: 
This diagram is 
not 
drawn to scale.
The angle from the central maximum to either position I or II is 49.8°.
)





















	Numerical Response



The experimental wavelength of the microwaves, in centimetres, is __________ cm.
 
(Record your three-digit answer in the numerical-response section on the answer sheet.)







 (
In a laboratory experiment, a microwave generator is used to produce a beam of monochromatic microwaves. These waves are incident on a series of metal tubes that forms a diffraction grating. The metal tubes are spaced 1.80 cm apart.
When the microwave signal passes through the grating, a receiver placed 52.0 cm from the grating detects a maximum signal. A first
order maximum signal is also detected at each of positions I and II, as labeled in the diagram below.
Note: 
This diagram is 
not 
drawn to scale.
The angle from the central maximum to either position I or II is 49.8°.
)
 (
In a student experiment, a laser that emits red light is incident on a diffraction grating that has a line density of  500 lines/mm.  A central bright band is produced on a screen that is 1.00 m away from the diffraction grating.  A first order bright band is measured to be    0.334 m  from the central bright band.
The students then repeat the experiment with a laser that emits green light.
)Use the following information to answer the next two questions.











The wavelength of the red laser light, expressed in scientific notation,  is  a.bc  10d m.  The values of  a, b, c, and d  are  _____, _____, _____, and _____.

(Record all four digits of your answer in the numerical-response section on the answer sheet.)



When compared to that of the red light, the distance between the central bright band and the first order bright band for the green light will be       i        because the green laser light has  a        ii        wavelength.

The statements above are completed by the information in row
	Row
	i
	ii

	A.
	smaller
	shorter

	B.
	smaller
	longer

	C.
	greater
	shorter

	D.
	greater
	longer




















Use the following information to answer the next four questions.
 (
A student follows three procedures to study the properties of laser light. She uses a laser that emits monochromatic light that has a wavelength of 634 nm.
Procedure
Observation
I
The student first shines the laser light through a crystal that has an index of refraction of 1.53
The path of the refracted ray is recorded.
II
The student shines the laser light through a diffraction grating that has  5.00 
 10
5
 lines/m.
An interference pattern is projected onto a screen.
III
The student shines the laser light upon a photovoltaic cell that is connected to an ammeter
No electrical current is measured.
)




















 The energy of one photon emitted by the laser is

4.20  1040 J
4.20  1031 J
3.14  1028 J
3.14  1019 J

In procedure I, the wavelength of the laser light in the crystal is __i__.  The speed of the laser light in the crystal is __ii__ than its speed in air.
The statements above are completed by the information in row

	Row
	i
	ii

	A.
	4.14  107m
	less

	B.
	4.14  107m
	greater

	C.
	9.70  107m
	less

	D.
	9.70  107m
	greater







	Numerical Response



In procedure II, the angle between the central maximum and the first bright spot of the interference pattern is _________.
(Record your three-digit answer in the numerical-response section on the answer sheet.)


In order to produce an electrical current in procedure III, the student must use electromagnetic radiation that has a __i__ wavelength or a photovoltaic plate that has a __ii__ work function that those she actually used in procedure III.
The statement above is completed by the information in row
	Row
	i
	ii

	A.
	shorter
	larger

	B.
	shorter
	smaller

	C.
	longer
	larger

	D.
	longer
	smaller




























Which of the following lists has selected regions of the electromagnetic spectrum arranged in order of increasing photon energy?

Radio, microwaves, X-rays, visible
Infrared, ultraviolet, X-rays, gamma
Gamma, visible, infrared, microwaves
Microwaves, ultraviolet, visible, infrared



The equation hf = qeVstop + W for the photoelectric effect is derived using the physics principle of conservation of

charge
energy 
nucleons 
momentum



A photocathode that has a threshold frequency of 5.6  1014 Hz is illuminated with light that has a frequency of 8.2  1014 Hz.  The maximum kinetic energy of the ejected photoelectron is 
1.7  1019 J
3.7  1019 J
5.4  1019 J
9.1  1019 J












 (
Robert Millikan showed experimentall
y that Einstein’s photoelectric 
equation 
  
Ek
max
 = hf - W was valid. Using 
a variety of cathode materials, 
he measured the maximum kinetic energy of photoelectrons while varying the light frequency. The graph shown is typical for a particular cathode. The dotted line is an extrapolation (extension) of the experimental data.
)Use the following information to answer the next two questions.



 (
Maximum Kinetic Energy (J)
z
x
0
w
Frequency (Hz)
y
)










The value for Planck’s constant could be determined with the expression









The work function of the cathode material is equal to the expression






A student performs a photoelectric experiment in which a photoelectric current is observed for all colours of visible light. The student wants to investigate what effect varying the intensity and colour of the incident light has on the photoelectric current and kinetic energy of the photoelectrons. If the brightness of the light is decreased and the colour is changed from yellow to blue, the photoelectric
current and photoelectron energy both decrease
current and photoelectron energy both increase
current decreases and the photoelectron energy increases
current increases and the photoelectron energy decreases


When a blue laser beam is incident upon the surface of the metal of a photoelectric cell, there is no photoemission. A second beam of radiation causes photoelectrons to be emitted. The second beam may consist of
ultraviolet radiation
infrared radiation
red laser radiation
microwave radiation

Copper has a work function of 4.46 eV. What is the maximum kinetic energy of the ejected electrons if the metal is illuminated by light with a wavelength of 450 nm?
2.72  10-19 J
4.42  10-19 J
7.l4   10-19 J
0 J, because no electrons are ejected

The threshold frequency of light for the emission of photoelectrons from a metal is             4.4  l014 Hz. If light of frequency 6.6  1014 Hz shines on the metal, then the maximum kinetic energy of the emitted photoelectrons is
7.3  10-19 J
4.4  10-19 J
2.9  10-19 J
l.5   10-19 J


The energy that is required to remove the electron from the photoelectric surface in the phototube is called the
work function
threshold frequency
electric potential energy
maximum kinetic energy

Use the following information to answer the next question.
 (
Maximum Kinetic Energy versus Frequency
The graph shows how the maximum kinetic energy of photoelectrons depends upon the frequency of the incident radiation for three different metals.  The average range of wavelengths that are visible to the human eye is from about 400 nm to about 700 nm. 
)[image: ]















Which of the metals will emit photoelectrons when illuminated by visible light?
I only
III only
I and II only
II and III only






	
Numerical Response



The work function of cesium is  3.04  10–19 J.  Cesium has a threshold frequency, expressed in scientific notation, of  __________  10w Hz.  

		(Record your three-digit answer in the numerical-response section on the answer sheet.)


 (
A satellite in orbit around Earth is exposed to radiation from the Sun. This radiation may cause the satellite to become positively charged.
Some Wavelengths Incident on a Satellite
I 
2.25 × 10
–7
 
m 
II 
2.33 × 10
–7
 
m 
III 
3.24 × 10
–7
 
m 
IV 
4.28 × 10
–7
 
m
Platinum is commonly used to coat satellites and has a work function of 8.5 × 10
–19
 
J. 
)Use the following information to answer the next question.










Which of the wavelengths listed above would cause a satellite with a platinum coating to become positively charged?
 
Wavelength I only
Wavelength IV only
 Wavelengths I and II
 Wavelengths III and IV










Electromagnetic radiation of constant wavelength is incident on a metal cathode, and the photoelectric effect is observed. Which of the following graphs represents the relationship between the maximum kinetic energy of the emitted photoelectrons and the intensity of the incident radiation?
[image: ]




	
Numerical Response



The minimum potential difference through which an electron must be accelerated to produce an X-ray of energy 1.62 × 104 eV, expressed in scientific notation, is a.bc × l0d V. The value of a, b, c¸and d are ____,  ____,  ____, and  ____.
(Record your four-digit answer in the numerical-response section on the answer sheet.)



	
Numerical Response



An X-ray tube operates at an electrical potential difference of 1.50 × 105 V. The minimum wavelength of the X-ray radiation it produces can be expressed in scientific notation as              a.b × 10 - cd m. The value of a, b, c¸and d are ____,  ____,  ____, and  ____.
(Record your four-digit answer in the numerical-response section on the answer sheet.)

 (
One example of Compton scattering is shown below. The incident photon has a momentum of 1.83 × 10
–23 
 
. It collides with a free electron that is initially at rest. The scattered photon has a momentum of 1.72 × 10
–23
 
, 85.0° from the direction of the incident photon. 
)[image: ]Use the following information to answer the next question.













The magnitude of the momentum of the free electron after it has been hit by the incident photon is

 1.10 × 10–24 
 1.68 × 10–23 
 1.71 × 10–23 
 2.40 × 10–23 
	




The physics principles used by Compton in developing his relationship for Compton scattering, , were

conservation of charge and conservation of energy, only
conservation of charge and conservation of momentum, only
conservation of momentum and conservation of energy, only
conservation of charge, conservation of momentum, and conservation of energy

The explanation of the Compton effect requires the

wave nature of light
particle nature of light
probabilistic nature of quantum physics
ejection of electrons from a metal surface
Use the following information to answer the next question.
 (
Louis de Broglie determined that the wavelength of a particle with mass and speed is given by the equation  
.
)



If a proton and an electron have identical speeds, then the proton will have a

longer wavelength and a smaller momentum than those of the electron
shorter wavelength and a greater momentum than those of the electron
shorter wavelength and a smaller momentum than those of the electron
longer wavelength and a greater momentum than those of the electron
	



For which of the following explanations did the diffraction of high-speed electrons provide experimental support?

Bohr’s explanation of line spectra
Compton’s explanation of the Compton effect
Einstein’s explanation of the photoelectric effect
De Broglie’s explanation of wave nature of matter
















Unit D — Atomic Physics
 J. J. Thomson’s experiments indicated that cathode rays are
photons
electromagnetic radiation
positively charged particles
negatively charged particles

One immediate result of the discovery of cathode ray particles was that the theory of the atom was revised to a theory that hypothesized that
an atom is an indivisible sphere
electrons exist in probability clouds
at atom is mostly made up of empty space
an atom contains negatively charged particles

Which of the following conclusions most closely followed the discovery that cathode rays consist of charged particles?

J.J. Thomson’s conclusion that all atoms contain smaller parts called electrons 
Bohr’s conclusion that electrons inhabit discrete energy levels around the nucleus
Maxwell’s conclusion that accelerating charges produce electromagnetic radiation 
Rutherford’s conclusion that the atom has a dense, positively charged nucleus that electrons orbit


The analysis of the observations from the Rutherford alpha particle scattering experiment
lead to a model of the atom in which the     i        is on the order of 10–10 m in diameter,
the       ii        is on the order of 10–15 m in diameter, and the majority of the     iii        of
the atom is in the nucleus.

The statement above is completed by the information in row
	Row
	i
	ii
	iii

	A.
	atom
	nucleus
	charge

	B.
	nucleus
	atom
	charge

	C.
	atom
	nucleus
	mass

	D.
	nucleus
	atom
	mass



 (
Students attempt to determine the nature of an object that is hidden beneath a sheet of plywood by rolling marbles under the plywood.
)Use the following information to answer the next question.


 (
Plywood
Hidden Object
Side View
Top View
)








This exercise would help students appreciate the difficulties encountered by
Compton in his work on wave-particle theory
Einstein in his work on the photoelectric effect
Rutherford in his work on the nucleus of the atom
Thomson in his work on cathode rays
	



One of the reasons that Rutherford’s planetary model of the atom has been modified is that observations of the atom do not support the theory of electrons orbiting the nucleus in a manner similar to planets orbiting a star.  However, according to Maxwell’s theory of electromagnetic radiation, such an orbiting electron should emit electromagnetic radiation because

the electron is travelling at uniform speed
the electron is accelerating toward the nucleus
there is an electrostatic force of repulsion between the orbiting electrons
there is an alternating electromagnetic dipole as the electron switches sides of the nucleus


Which of the following phenomena produces a continuous spectrum?

Light emitted by a hot solid
Light emitted by a hot, low-density gas
Light emitted by a cool gas and then passed through a hot, low-density gas 
Light emitted by a hot solid and then passed through a cool, low-density gas
When white light passes through a cool gas and then into a spectroscope, the spectrum produced is

a continuous spectrum
an absorption spectrum
a bright-line spectrum
an emission spectrum

 (
The following diagram represents the emissi
on lines that are produced for 
the Balmer Series of hydrogen.  Each line is produced as an electron makes a transition from a higher Bohr energy level to  
n
 = 2.
)[image: Phys30_0520 01a]Use the following information to answer the next two questions.










The electromagnetic radiation represented by emission line I in the diagram
has a       i        frequency than the electromagnetic radiation represented by
emission line II because the electron that produces emission line I has undergone
a       ii       energy transition.

		The statement above is completed by the information in row

	Row
	i
	ii

	A.
	lower
	larger

	B.
	lower
	smaller

	C.
	higher
	larger

	D.
	higher
	smaller


	
The regions of the electromagnetic spectrum into which the lines of the Balmer Series of hydrogen are classified are

infrared and X-ray
infrared and visible
ultraviolet and X-ray
ultraviolet and visible
An atom has energy states E1 = -4.8 eV, E2 = -2.4 eV, E3 = -1.2 eV, E4 = - 0.80 eV, and            E5 = - 0.40 eV. The wavelength of emitted light when an electron in the atom makes the transition E4 to E1 is

2.6  10-7 m
3.1  10-7 m
1.6  10-6 m
5.0  10-6 m


The wavelength of an intense bright line in the emission spectrum of a particular star is     656.21 nm. This wavelength represents an energy change in the atom of

3.03  1019 J 
3.29  1018 J
3.29  10-18 J
3.03  10-19 J



















[image: ]Use the following information to answer the next question.
















If an electron is in the –1.6 eV energy level, the minimum frequency of a photon that would ionize the atom is

3.9 1014 Hz
2.1 1015 Hz
2.4 1033 Hz
1.3 1034 Hz











































 (
In a Franck-Hertz experiment, free electrons are emitted from the cathode of a low pressure tube containing mercury vapour. The free electrons strike the mercury vapour atoms in the tube. The accelerating voltage on the electrons leaving the cathode is gradually increased.
Below is a graph showing the relationship between the collected current transmitted through the mercury vapour and the accelerating voltage. An energy level diagram for mercury is also shown.
)Use the following information to answer the next three questions.





 (
I
I
I
I
II
I
V
4.9
6.7
8.8
9.8
Accelerating Voltage (V)
0
1
2
3
4
5
6
7
8
9
10
Current Reaching plate
Collected Current vs. Accelerating Voltage
)










 (
Energy Level Diagram
Ionization level
3
rd
 excited state
2
nd
 excited state
1
st
 excited state
Ground state
0
4.9
6.7
8.8
10.4
)















When the accelerating voltage experienced by an electron is 3.0 V, the electron will
separately strike and excite two mercury atoms to the first excited state
strike a mercury atom and excite it to the second excited state
strike a mercury atom and excite it to the first excited state
pass directly to the anode without exciting any mercury atoms

Which region of the graph represents the effect on an electron that excites a single mercury atom to the third excited state?
I
II
III
IV

Region IV on the graph represents electrons that
struck two mercury atoms separately and excited each atom to the first excited state
struck several mercury atoms and excited them to the second excited state
struck several mercury atoms and excited them to the first excited state
passed directly to the anode without exciting any mercury atoms
	















The product of radioactive decay that penetrates matter the least is the      i        particle, because of its relatively      ii        mass and charge. 

The statement above is completed by the information in row
	Row
	i
	ii

	A.
	alpha
	small

	B.
	alpha
	large

	C.
	beta negative
	small

	D.
	beta negative
	large




Nuclear radiation exists in several different forms. Listed from greatest to least in their ability to penetrate human tissue, the order of three of these forms is
alpha, beta, gamma
gamma, beta, alpha
gamma, alpha, beta
alpha, gamma, beta


Polonium has more isotopes than any other element, and they are all radioactive. The isotope  has

218 protons and 84 neutrons
84 protons and 218 neutrons
134 protons and 84 neutrons
84 protons and 134 neutrons











Use the following information to answer the next two questions.
	

Gallium-75 decays by beta negative emission to an unidentified daughter nucleus, expressed in isotopic notation as .  The beta negative particles produced in this decay have an average energy of  3.39 MeV.

The distance that a beta negative particle can travel in air depends on its energy.  
The range for beta particles is approximately  3.65 m  per MeV.  





	
Numerical Response



	20.10.In the isotope notation of the daughter nucleus produced in gallium-75 decay, the 
values of  a, b, c, and d  are _____,  _____,  _____,  and  _____.

	(Record all four digits of your answer in the numerical-response section on the answer sheet.)



	
Numerical Response



The minimum distance from a gallium-75 source that a person must stand so that 
the air will completely shield him from the emitted beta negative particles that have the 
average energy is  __________ m.

		(Record your three-digit answer in the numerical-response section on the answer sheet













Use the following information to answer the next question

In 1939, four German scientists, Otto Hahn, Lise Meitner, Fritz Strassmann, and Otto Frisch, made an important discovery that ushered in the atomic age. They found that a uranium nucleus, after absorbing a neutron, splits into two fragments that each have a smaller mass than the original nucleus. This process is known as nuclear fission.
There are many possible fission reactions that can occur, two of which are shown below.




The value of x in reaction II is
4
3
2
1
	

	


















Use the following information to answer the next question

When a neutron is captured by a nucleus of uranium-238, the event shown below occurs.


The uranium-239 then undergoes a series of decays



In both decays I and II the type of emitted particle is
an alpha particle
a beta negative particle
a beta positive particle
a proton




















 (
Magnesium-27 is an isotope of magnesium that undergoes beta negative decay.  The half-life of magnesium-27 is  9.45 min.  The daughter nucleus of this decay is initially produced in a metastable, excited state.  Three gamma photons may be emitted as the nucleus makes transitions from this excited state to the ground state.  These transitions are shown in the diagram below.
)[image: Phys30_0520 Magnesium-27]Use the following information to answer the next three questions.
















The daughter nucleus produced by the beta negative decay of magnesium-27 is

	A.	

	B.	

	C.	

	D.	
If a sample initially contains  15.0 g  of magnesium-27, then the mass of magnesium‑27 that remains after  20.8 min is

3.26 g
3.75 g
6.82 g
10.9 g

The longest wavelength of gamma radiation that can be emitted by the excited daughter nucleus is

1.22 × 1012 m
1.47 × 1012 m
1.85 × 1012 m
7.28 × 1012 m
	



[image: ]Use the following information to answer the next question.



















 Based on the graph above, the approximate half-life of is

130 years
60 years
30 years
2 years


The half-life of radium-226 is 1.6  103 years. How long will it take for 20.0 mg of radium-226 to decay to 2.50 mg?
1.3  103 years
1.6  103 years
3.2  103 years
4.8  103 years


Use the following information to answer the next two questions.





In an experiment, a researcher studied the decay of, which decays by alpha emission and releases a stable atom. The half-life of is 138.4 days. The mass of the sample of  at the start of the experiment was 34.0 g.

	
Numerical Response




The amount of remaining after 415.2 days was __________ g.
(Round and record your three digit answer on the numerical-response section of your answer sheet.)


	
Numerical Response




At the end of the experiment, the amount of remaining was 1.06 g. The duration of the experiment was ___________ days.
(Round and record your three digit answer on the numerical-response section of your answer sheet.)

Which of the following statements provides a reason for the use of nuclear fusion rather than nuclear fission as a source of energy?

Fusion reactions can be produced in magnetic-field containment devices, whereas fission reactions require nuclear reactors.
Fusion energy is in the form of heat, whereas fission energy is in the form of gamma radiation. 
Fusion products are relatively harmless, whereas fission products are extremely hazardous.
Fusion reactions are economically feasible, whereas fission reactions are not.


When an electron and a positron collide, they annihilate and all of their mass is converted into energy. The total energy released by the annihilation of an electron‑positron pair is

1.64 × 10–13 J 
8.20 × 10–14 J 
5.47 × 10–22 J
2.73 × 10–22 J

Use the following information to answer the next question.
 (
The first evidence of antimatter was a photograph of the track produced by a positron as it moved through a perpendicular magnetic field inside a cloud chamber.
An electron moving in one direction through a magnetic field in a cloud chamber leaves a track identical to that of a positron moving in the opposite direction.  To prove that a track was made by a positron, scientists conducted an experiment:  a thin lead barrier was placed across the path of the particle to slow the particle as it passed through the barrier, thereby revealing the particle’s direction of travel.  The results of this experiment are illustrated below.
)[image: Phys30_0813 Bubble chamber experiment]



























 The relative speed of the positron on either side of the barrier is determined by comparing the

length of the track on either side of the barrier
direction of the curvature on either side of the barrier
strength of the magnetic field on either side of the barrier
radius of the curvature of the path on either side of the barrier

 (
One Solar Nuclear Fusion Reaction Equation
Representation of Nuclei Involved in This Fusion Reaction
One way to harness this energy on Earth is to use a nuclear fusion reactor.  One of the problems in terrestrial fusion reactors is the very high energy required to overcome the electrostatic repulsive force between the deuterium ions and the tritium ions.
A particular reactor design uses magnetic fields in a process called magnetic confinement to keep the ions inside the reactor. However, neutrons escape magnetic confinement. These neutrons are captured by a shield called a lithium blanket.
)[image: ]Use the following information to answer the next six questions.





















Energy is released in this nuclear fusion reaction because the
free neutron has a high energy
number of protons remains the same
number of nucleons remains the same
mass of the alpha particle and neutron is less than the mass of the intermediate product

	
Numerical Response



At a particular instant, the electrostatic force that the deuterium ion exerts on the tritium ion is  23.3 N.  The distance between the centres of the two ions, expressed in scientific notation, is __________  10w m.

(Record your three-digit answer in the numerical-response section on the answer sheet.)
 (
A positively charged deuterium ion enters a magnetic field directed out of the page, as shown below.
)[image: ]Use the following additional information to answer the next question.







The direction of the magnetic deflecting force that acts on the positively charged deuterium ion as it just enters the magnetic field is
into the page
out of the page
toward the top of the page
toward the bottom of the page

The neutron produced in the fusion reaction escapes the magnetic confinement because
neutral particles are not deflected by magnetic fields
the neutron is moving so fast that it escapes the magnetic field
the energy produced in the nuclear reaction is enough to cause the neutron to escape
conservation of momentum requires that the neutron has to be pushed in the opposite direction to that of the helium produced

As a particular neutron travelling at  5.21  106 m/s  hits the lithium blanket and stops, it experiences an impulse of __i__, and the neutron-lithium collision is classified as __ii__.
The statement above is completed by the information in row

	Row
	i
	ii

	A.
	 8.70  1021 Ns
	elastic

	B.
	 8.70  1021 Ns
	inelastic

	C.
	 2.27  1014 Ns
	elastic

	D.
	 2.27  1014 Ns
	inelastic









Which of the following equations most likely describes a neutron-lithium collision?








When two deuterons, , combine to form a helium nucleus, approximately 24 MeV of energy is released.  A possible explanation for the release of energy is that the

two deuterons have a greater total mass than that of the helium nucleus
two deuterons have a smaller total mass than that of the helium nucleus
helium nucleus immediately breaks apart when two deuterons are combined
electrons are more tightly bound to the helium nucleus than they are to a 
deuteron nucleus



To study sub-nuclear structure, high-energy particle accelerators are required because
plasma exists at high energy
antimatter exists at high energy
of the strength of the electrostatic force
of the strength of the strong nuclear force


Which of the following decay equations describes beta positive decay?
udd  uud + e + 
udd  uud + e+ + 
uud  udd + e +
uud  udd + e+ +











Two types of pions are modelled as consisting of either a down quark and an anti‑up antiquark or an up quark and an anti‑down antiquark. The only possible charges for these types of pions are

[image: ]























Use the following information to answer the next two questions.
 (
A sample of thorium-226 is stored in a lead box, as shown below. Thorium-226 undergoes alpha decay. The lead box has a small opening on the left side to allow a stream of alpha particles to escape.
In the sample, a nucleus of thorium-226 is at rest when it undergoes alpha decay. The
daughter nucleus produced, radium-222, has a mass of 3.67 × 10
25
 kg and moves to the
right at 3.10 × 10
5
 
 
m/s immediately after the decay. The thorium-226 nucleus, the
radium-222 nucleus, and the alpha particle form an isolated system.
To the left of the lead box are two parallel plates, one positively charged and the other
negatively charged, that together produce a uniform electric field. The parallel plates are
2.00 cm apart. The escaping alpha particles are stopped by the electric force just before they reach the positively charged plate. The complete apparatus is in a vacuum.
)[image: ]

























	
Numerical Response



 The magnitude of the electric force acting on the alpha particle, expressed in scientific notation, is a.b × 10–cd N. The values of a, b, c, and d are
_____, _____, _____, and _____.

(Record the four digits of your answer in the numerical-response section on the answer sheet.)

	
Numerical Response



 Two of the physics principles numbered on the data sheet must be used to determine the magnitude of the electric force acting on the alpha particle. The two principles, in theorder in which they must be used, are
	Number:
	___________
	and
	___________

	Physics Principal:
	Used First
	
	Used Second



(Record all two digits of your answer in the numerical-response section on the answer sheet.)









Extended Scenarios

Scenario 1
Use the following information to answer the next five questions.
 (
Transuranic Elements
Transuranic elements have more protons than uranium.  Because all transuranic elements have a relatively short half-life, they are almost absent from our solar system.  Physicists have made transuranic elements by bombarding heavy ions with magnesium ions and oxygen ions.  
In a particular bombardment, a physicist uses magnesium ions (
28
Mg
2+
) with a mass of  4.67 
 10
–26
 kg  and accelerate
s them to a kinetic energy of  
1.64 
 10
–13
 J.
)












In this bombardment, the speed of a magnesium ion is 
1.87  106 m/s
2.65  106 m/s
3.51  1012m/s
7.02  1012 m/s


The electric potential difference that accelerates the magnesium ion is

9.76  10–7 V
1.95  10–6 V
5.13  105 V
1.03  106 V











 Magnesium-28 undergoes a beta negative decay according to the nuclear reaction equation


	A.	

	B.	

	C.	

D.     

A physicist starts a  7.0 day  experiment with  0.20 g  of magnesium-28.  If the half-life of    magnesium-28 is  21 h,  then the mass of magnesium-28 remaining at the end of the experiment will be

1.8  10–1 g
3.9  10–3 g
7.8  10–4 g
9.5  10–8 g

In order to produce dubnium-262 (), berkelium-249 () is bombarded with very fast-moving oxygen nuclei.  This reaction produces five neutrons.  The nuclear reaction equation for this production of dubnium-262 is



















Scenario 2
Use the following information to answer the next four questions.
 (
Physicists have produced “optical cooling” by shining a laser onto glass that contains ytterbium ions (Yb
3+
).  The glass with ytterbium ions absorbs the laser photons and radiates photons with a shorter wavelength, as shown below.  This process decreases the temperature of the glass with ytterbium ions.
One theory suggests that the cooling occurs because of electron movement between energy levels in the ytterbium ions, as shown below.  If a ground state electron in an ytterbium ion absorbs a small amount of thermal energy, it moves to the second energy level  (n = 2).  The ion then absorbs the laser photon, which moves the electron to the excited state  (n = 3).  The cooling occurs when the ytterbium ion emits a photon.
)[image: Phys30_199908 mc27a][image: Phys30_199908 mc27b]































When the glass cools, the ions lose both the thermal energy and the energy that was absorbed from the laser photons.  The electron energy level transition that occurs is from energy level

n = 3  to  n = 2
n = 3  to  n = 1
n = 2  to  n = 1
n = 2  to  n = 3






	
Numerical Response



The frequency of the laser photons, expressed in scientific notation, is  a.b  10cd Hz.  The values of  a, b, c, and d  are _____ ,  _____ ,  _____ , 
and _____ . 


		(Record your four-digit answer in the numerical-response section on the answer sheet.) 


The energy difference between a laser photon and an emitted photon is

1.97  1019 J
2.00  1019 J
2.58  1021 J
8.62  1033 J


Visible light has frequencies that range between  4.3  1014 Hz  (red) and                           7.5  1014 Hz  (violet).  Which of the following statements best describes the absorbed laser photon and the emitted photon in the optical cooling experiment?

Both photons are in the infrared range.
Both photons are in the ultraviolet range.
Both photons are in the visible light range.
One photon is in the visible light range, and one is not in the 
visible light range.  

















Scenario 3
Use the following information to answer the next seven questions.
 (
The Deep Space 1 mission (DS1) uses a ion propulsion system (IPS) on the DS1 capsule.  The IPS involves ionizing atoms of xenon, accelerating them through an electric field produced by electrified grids, and ejecting the ions into space behind the capsule.
IPS Chamber of the DS1 Capsule
In the IPS chamber, high-speed electrons collide with xenon atoms.  These collisions can ionize xenon atoms.  The electric field then accelerates the ions and ejects them from the IPS chamber, which propels the DS1 capsule forward.
IPS Operating Specifications for DS1
propellant ions
Xe
+
total mass of propellant
81.5 kg
mass of DS1 capsule (without propellant)
489.5 kg
energy required to ionize a xenon atom
12.1 eV
mass of a single xenon atom
2.18 × 1
0
25
  
kg
exit speed of xenon ions 
43.0 km/s
)[image: Phys30_0011 mc17info]


































 The minimum electron speed necessary to ionize xenon atoms is

2.66 × 1031 m/s
5.15 × 1015 m/s
4.25 × 1012 m/s
2.06 × 106 m/s



The electric potential difference across the electrified grids that is required to accelerate a xenon ion from rest to its exit speed is

2.93 × 105 V
1.26 × 103 V
1.26 × 103  V
4.71 × 1029  V

 If all of the xenon propellant could be expelled in a single short burst, the change in the speed of the DS1 capsule after all the fuel has been exhausted would be

6.14 m/s
7.16 m/s
6.14 × 103  m/s
7.16 × 103 m/s

The physics principle that best describes the propulsion of the DS1 capsule is the 
law of conservation of

charge
energy
momentum
nucleon number


	
Numerical Response



As xenon ions in the exhaust stream behind the DS1 capsule interact with other charged particles in space, the xenon ions become neutral atoms, and in the process, emit photons.  The maximum frequency of these photons, expressed in scientific notation, is  b × 10w Hz.  The value of  b  is __________.

(Record your three-digit answer in the numerical-response section on the answer sheet.)














Use the following additional information to answer the next two questions.
 (
One isotope of xenon, xenon-133, is an unstable isotope that undergoes beta-negative decay and has a half-life of 5.24 days.
)




	
Numerical Response



If the IPS uses  81.5 kg  of xenon-133 as a propellant and the launch is delayed by  
26.2 days,  the amount of xenon-133 that would remain is __________ kg.

	(Record your three-digit answer in the numerical-response section on the answer sheet.)


 The decay equation for xenon-133 is
















































































Scenario 4
 (
In a type of propulsion called magnetohydrodynamic (MHD) propulsion, the magnetic force on moving charges is used to propel ships and submarines.  Because there are no moving parts necessary for this type of propulsion, a vessel using this system could navigate without producing noise and, so, would be very hard to locate.  
This propulsion system uses perpendicular magnetic and electric fields and the charges present in seawater.  The seawater is expelled out the back of the system, thereby propelling the vessel forward.
When the seawater is at rest between the oppositely charged plates and the 
MHD propulsion system is turned on, the positively charged ions in the seawater 
(for example Na
+
) and the negatively charged ions in the seawater, (for example 
 
Cl
–
) accelerate toward the oppositely charged parallel plates.  The magnetic field, which is perpendicular to both the ion motion and the electric field direction, deflects the path of the ions.  The water is then forced toward the rear of the ship.  
The diagram below shows a portion of an MHD thruster from the prototype ship Yamato 1.
Specifications for a Prototype MHD Thruster
Distance between plates
0.140 m
Electric potential difference between plates
170 V
Magnetic field intensity in region between plates 
4.0 T
)[image: Phys30_0404 mc14]Use the following information to answer the next five questions.












































The direction of the uniform electric field created between the charged parallel plates shown in the diagram is toward the

left side of the ship
right side of the ship
front of the ship
rear of the ship


	
Numerical Response



The electric field strength between the positively charged and negatively charged parallel plates, expressed in scientific notation, is  a.bc  10d N/C.  The values 
of  a, b, c, and d  are  _____, _____, _____, and _____.

		(Record all four digits of your answer in the numerical-response section on the answer sheet.)’

 
The direction of the electrostatic force on the positively charged ions is toward 
the      i      of the ship.  The direction of the electrostatic force on the negatively charged ions is toward the     ii      of the ship.  The direction of the magnetic force on the sodium ions is toward the      iii      of the ship.  The direction of the magnetic force on the chloride ions is toward the      iv      of the ship.  

		The row that completes the four statements above is row

	Row
	i
	ii
	iii
	iv

	A.
	left side
	right side
	front
	front

	B.
	left side
	right side
	rear
	rear

	C.
	right side
	left side
	front
	front

	D.
	right side
	left side
	rear
	rear





	
Numerical Response



At the moment when a sodium ion, Na+, is moving with a velocity of  3.00 m/s  
perpendicular to the magnetic field, the magnetic force on the ion, expressed 
in scientific notation, is  a.b  10–cd N.  The values of  a, b, c, and d  
are  _____, _____, _____, and _____.

		(Record all four digits of your answer in the numerical-response section on the answer sheet.) 


Use the following additional information answer the next question.
 (
An electrical current in a resistor heats the resistor.  In a similar manner, 
the ion flow between the oppositely charged plates heats the seawater.  A ship using an MHD propulsion system can be detected by this electromagnetic signature left in the seawater.
Every minute,  4.61 
 10
20
  singly charged ions pass through the MHD thruster.  
)







	
Numerical Response



The ion current through the MHD thruster is equivalent to  _______ A.  

		(Record your three-digit answer in the numerical-response section on the answer sheet.)









































































Scenario 5
Use the following information to answer the next seven questions.
 (
There are many different types of propulsion engines for satellites. One type of ion
propulsion thrust chamber and the satellite to which it is attached are described below.
The cylindrical thrust chamber of the engine has a central spike. Electromagnets are
used to produce a non-uniform magnetic field directed radially toward the spike. A
virtual cathode consisting of trapped electrons is located at the rear of the thrust
chamber. An electric field exists between the anode and the virtual cathode.
Positive xenon ions enter the thrust chamber at the anode and accelerate toward
the virtual cathode, which results in thrust on the satellite. As the xenon ions pass
through the virtual cathode, they pick up electrons and neutral xenon atoms fly out of the
chamber.
Diagram I: Thrust Chamber in Engine
Diagram II: Cross Section of Thrust Chamber
Thrust Chamber Specifications
Magnetic field intensity at the location where the xenon ions enter 
0.0200 T
Electric field intensity at the location where the xenon ions enter 
1.00 × 10
4
 V/m
Mass of one xenon ion, Xe+ 
2.19 × 10
–25
 kg
Exit speed of neutral xenon atom with respect to the thrust chamber 
1.5 × 10
4
 m/s
)[image: ][image: ]











































In diagram II on the previous page, the direction of the electric field in region Y is

to the right
to the left
into the page
out of the page


As the xenon ions, Xe+, move through region Y, as labelled in diagram II on the previous page, they experience both electric and magnetic forces. The direction of the magnetic
force that they experience is

into the page
out of the page
toward the top of the page
toward the bottom of the page


The xenon ions, Xe+, enter the thrust chamber at a negligible speed. The minimum distance between the anode and the virtual cathode that is required to produce the exit speed is

1.2  10–16 m
1.0  10–6 m
1.5  10–2 m
1.4  1012 m


	
Numerical Response



While in the thrust chamber, a xenon ion experiences an impulse, expressed in scientific notation, of a.b 10–cd  The values of a, b, c, and d are _____, _____, _____, and _____.

(Record all four digits of your answer in the numerical-response section on the answer sheet.)












Use the following information to answer the next question.
 (
Xenon ions, 
m
ion
, reach the virtual cathode with a speed of 
v
1
. When a xenon
ion collides with a stationary electron, 
m
e
, in the virtual cathode, the xenon
atom, 
m
atom
, formed has a speed of 
v
2
.
)




The relationship between v2 and v1 can be expressed as
[image: ]

Use the following additional information to answer the next two questions.
 (
Ion Propulsion Engine and Satellite Specifications
Average thrust applied by the engine to the satellite 
0.200 N
Mass of satellite and propulsion system 
2.5 × 10
3
 kg
Speed of xenon atom exiting the thrust chamber 
1.5 × 10
4
 m/s
Mass of xenon atom 
2.19 × 10
–25
 kg
)








The length of time, in hours, that this type of ion propulsion engine must be in operation in order to increase the speed of the satellite and propulsion system by 12.0 m/s is

0.0240 h
41.7 h
250 h
1.50 × 105 h

The number of xenon atoms that would have to be discharged as exhaust in order to increase the speed of the satellite and propulsion system described above by 1.00 m/s is

5.1 × 1019 atoms
7.8 × 1021 atoms
1.6 × 1022 atoms
7.6 × 1023 atoms














































Scenario 6
Use the following information to answer the next five questions.
 (
The element ununquadium ( 
) has been created by fusing calcium ions ( 
) with plutonium nuclei ( 
). 
The calcium ions are doubly charged (+2
e
) and have a mass of 7.96 × 10
–26
 
kg. To accelerate these ions to a high enough energy to fuse with plutonium, they are repeatedly accelerated by an electric potential difference. They are contained in a magnetic field between these accelerations. 
In one stage of the acceleration process, calcium ions enter the accelerating chamber at a speed of 1.00 × 10
6
 
m/s and exit it at a speed of 2.75 × 10
6
 
m/s. They immediately enter a magnetic field and follow a path that has a radius of 1.24 m. 
)












Which of the following equations could be the nuclear reaction equation for the fusion of calcium and plutonium in the production of ununquadium?

 





The electric potential difference in the accelerating chamber is

1.24 × 105 V 
1.52 × 105 V 
8.16 × 105 V 
9.38 × 105 V


	
Numerical Response



The strength of the magnetic field used to contain the calcium ions, expressed in scientific notation, is a.bc × 10–d T. The values of a, b, c, and d are _____, _____, _____, and _____. 

(Record all four digits of your answer in the numerical-response section on the answer sheet.)






Use the following additional information to answer the next two questions.
 (
The decay chain of ununquadium-289 is shown below.
Ununquadium-289 has a half-life of 30.4 s. 
)








The decay particles X and Y are

both alpha particles
both beta positive particles
a beta positive particle and an alpha particle, respectively
an alpha particle and a beta positive particle, respectively




If 1.00 μg of ununquadium‑289 is initially produced, the mass of ununquadium‑289 remaining after 1.00 min will be

0.255 μg 
0.507 μg 
0.703 μg 
0.977 μg
71
oleObject13.bin

image80.wmf
U

   

n   

  

   

U

239

92

1

0

238

92

®

+


oleObject14.bin

image81.wmf
Pu

  

  

Np

 

  

U

239

94

II

decay 

239

93

I

decay 

239

92

¾

¾

®

¾

¾

¾

®

¾


oleObject15.bin

image82.wmf

image83.wmf
Ne

10

23


oleObject16.bin

image84.wmf
Na

11

27


oleObject17.bin

image85.wmf
Al

13

27


oleObject18.bin

image86.wmf
Ne

14

31


oleObject19.bin

image87.emf
Radioactive Decay Curve for cesium-137

0

1

2

3

4

5

6

7

8

0 10 20 30 40 50 60 70 80 90 100 110 120 130

Time (years)

Mass of cesium-137 remaining   (10

-3 

g)


image88.wmf
Cs

137

55


oleObject20.bin

image89.wmf
Po

210

84


oleObject21.bin

image90.wmf
Pb

206

82


oleObject22.bin

oleObject24.bin

image91.wmf

image92.emf

image93.emf

image94.emf

image95.emf

image101.wmf
142492621

8971050

OBkDb5n

+®+


oleObject32.bin

image102.wmf
142492621

8971050

OBkDbn

+®+


oleObject33.bin

image103.wmf
182492621

8971050

OBkDb5n

+®+


oleObject34.bin

image104.wmf

image105.wmf

image106.wmf

image107.wmf
g

+

®

Xe

Xe

133

54

133

54


oleObject35.bin

image108.wmf
a

4

2

129

52

133

54

 

 

Te

Xe

+

®


oleObject36.bin

image109.wmf
1331330

54551

XeCs  

bn

-

®++


oleObject37.bin

image110.wmf
1331330

54531

XeI  

bn

-

®++


oleObject38.bin

image111.wmf

image112.emf

image113.emf

image114.emf

image69.wmf
x

y

 

-

   

D.

2

y)

-

(z

w

   

C.

z

w

   

B.

y

-

z

w

   

A.

 


oleObject8.bin

image70.wmf
y

   

D.

x

-

   

C.

z

w

   

B.

z

x

-

w

   

A.


oleObject9.bin

image71.emf

image72.emf

image73.emf

image74.wmf
mv

h

=

l


oleObject10.bin

image75.wmf

image76.emf

image77.wmf
Po

218

84


oleObject11.bin

image78.wmf
ab

cd

X


oleObject12.bin

image79.wmf
energy

  

n  

  

Sr  

  

  

Xe

  

  

U

  

  

U

  

n  

      

II

energy

  

n  

3

  

Kr  

  

  

Ba

  

  

U

  

  

U

  

n  

       

I

1

0

92

38

140

54

236

92

235

92

1

0

1

0

92

36

141

56

236

92

235

92

1

0

+

+

+

®

®

+

+

+

+

®

®

+

x


