Physics chapter 5

True/False
Indicate whether the statement is true or false.

____	1.	The process of breaking a vector into its components is called vector resolution.

____	2.	The direction of a vector is defined as the angle that the vector makes with the x-axis, measured clockwise.

____	3.	Multiple vectors can be added together by adding their x-components into one horizontal vector, then adding their y-components into one vertical vector, and finding the vector sum of those 2 vectors.

____	4.	It is NOT possible to add or subtract a combination of vector quantities and scalar quantities.

____	5.	Static friction is exerted on one surface by another when the two surfaces are moving relative to each other.

____	6.	Static friction is exerted on one surface by another when there is no motion between the surfaces.

____	7.	The force of friction depends on the amount of surface area in contact between the two surfaces.

____	8.	Vectors can be summed by separately adding the x- and y-components.

____	9.	Projections of a vector make up the components of that vector.

____	10.	The equilibrant is equal in magnitude and direction to the net force on an object.

Multiple Choice
Identify the choice that best completes the statement or answers the question.

____	11.	The resultant between 2 vectors can be found by placing the vectors
a.
tip to tip.
c.
tail to tail.
b.
tip to tail.
d.
tip to midpoint. 


____	12.	The angle of the resultant vector is equal to
a.
the inverse tangent of the quotient of the x-component divided by the y-component of the resultant vector.
b.
the inverse cosine of the quotient of the y-component divided by the x-component of the resultant vector.
c.
the inverse cosine of the quotient of the x-component divided by the y-component of the resultant vector.
d.
the inverse tangent of the quotient of the y-component divided by the x-component of the resultant vector.


____	13.	The sine of an angle is
a.
the length of the side opposite the angle divided by the length of the hypotenuse.
b.
the length of the side adjacent the angle divided by the length of the hypotenuse.
c.
the length of the side adjacent the angle divided by the length of the opposite side.
d.
the length of the hypotenuse divided by the length of the side adjacent the angle.


____	14.	The cosine of an angle is
a.
the length of the side opposite the angle divided by the length of the hypotenuse.
b.
the length of the side adjacent the angle divided by the length of the hypotenuse.
c.
the length of the side adjacent the angle divided by the length of the opposite side.
d.
the length of the hypotenuse divided by the length of the side adjacent the angle.


____	15.	The tangent of an angle is
a.
the length of the side opposite the angle divided by the length of the hypotenuse.
b.
the length of the side adjacent the angle divided by the length of the hypotenuse.
c.
the length of the side opposite the angle divided by the length of the adjacent side.
d.
the length of the hypotenuse divided by the length of the side adjacent the angle.


____	16.	Multiplication of a vector by a positive scalar quantity
a.
changes the direction of the vector, but not the magnitude.
b.
changes the magnitude of the vector, and the direction.
c.
changes neither the magnitude of the vector, nor the direction.
d.
changes the magnitude of the vector, but not the direction.


____	17.	The coefficient of kinetic friction is NOT
a.
the slope of the line representing the change in the kinetic friction force and the normal force.
b.
designated mk.
c.
more than the coefficient of static friction.
d.
equal to the quotient of the kinetic friction force and the normal force. 


____	18.	The static friction force is
a.
the force need to keep an object moving at a constant velocity across a surface.
b.
the force needed to bring an object to rest. 
c.
the minimum force required to overcome static friction and move an object. 
d.
equal to the net force. 


____	19.	Equilibrium can occur
a.
only if there is constant acceleration.
b.
only if the sum of the forces is zero.
c.
only if an object is motionless.
d.
only if the sum of the forces is greater than zero.


____	20.	Which of the following forces does NOT act on an object sliding down an inclined plane?
a.
force of gravity
c.
equilibrant force
b.
force of friction
d.
normal force


____	21.	A 50.0 kg wooden box is pushed across a floor with a constant speed of 2.5 m/s.  The coefficient of kinetic friction is 0.20.  If the force being applied to the box is halved, what is the resulting acceleration on the box?
a.
file_0.bin

0.98 m/s2
c.
file_1.bin

5.0 m/s2
b.
file_2.bin

1.25 m/s2
d.
file_3.bin

12.5 m/s2


____	22.	A 100.0 kg safe is pushed across a floor with a force of 450 N.  The coefficient of kinetic friction is 0.35.  What is the acceleration of the safe?
a.
file_4.bin

0.98 m/s2
c.
file_5.bin

5.0 m/s2
b.
file_6.bin

1.25 m/s2
d.
file_7.bin

12.5 m/s2


____	23.	A 50.0 kg wooden box is pushed across a floor  with a constant speed of 2.5 m/s.  The coefficient of kinetic friction is 0.20.  If the force being applied to the box is tripled, what is the resulting acceleration on the box?
a.
file_8.bin

0.98 m/s2
c.
3.92 m/s2
b.
0.784 m/s2
d.
196 m/s2


____	24.	The normal force on an object always acts
a.
parallel to the surface upon which the object is resting.
b.
perpendicular to the surface upon which the object is resting.
c.
equal and opposite to the weight of the object.
d.
in the same direction as gravity.


Completion
Complete each statement.

	25.	If two vectors are at right angles to each other, the resultant can be found by using ____________________.

	26.	A force that puts an object in equilibrium is called the ____________________.

Problem

	27.	A river flows at a speed of 4.60 m/s. A boat, capable of moving with a speed of 5.80 m/s in still water is rowed across the river at an angle of 53.0° to the river flow. Calculate the resultant velocity with which the boat moves and the angle that its resultant motion makes to the river flow.

	28.	What should be the angle between two vectors of magnitudes 3.20 and 5.70 units, so that their resultant has a magnitude of 6.10 units?

	29.	A 2.7-kg box is released on a horizontal surface with an initial speed of 2.9 m/s. It moves on the surface with a deceleration of 0.27 m/s2. Calculate the kinetic friction force on the box.

	30.	A block of 7.80 kg kept on an inclined plane just begins to slide at an angle of inclination of 35.0°. Once it has been set into motion, the angle is reduced to 30.0° to keep the block moving at constant speed. Calculate the maximum force of static friction and the force of kinetic friction for the surfaces in contact.

	31.	The blocks A and B are connected by a piece of spring. Block B rests on an inclined plane of 40° and block A hangs vertically. The coefficient of friction between block A and the inclined plane is 0.29. Calculate the acceleration of the system if the mass of block A is 0.15 kg and that of block B is 7.5 kg.

file_9.wmf



	32.	Juanita walks north for a distance of 30 m, then turns east and walks for 40 m.  What is her overall displacement?

	33.	A mover pushes a 30.0 kg crate across a wooden floor at a constant speed of 0.75 m/s.  If the coefficient of static friction for wood-on-wood is 0.20, how much force does the mover exert on the crate?

	34.	A mover pushes a 30.0 kg crate across a wooden floor at a constant speed of 0.75 m/s.  If the coefficient of static friction for wood-on-wood is 0.20, what is the normal force exerted by the floor on the crate?

	35.	A yoga instructor weighing  490 N sits, meditating, on a plane that is inclined file_10.bin

 above the horizontal.  Find the components of the weight forces that are parallel and perpendicular to the plane.

	36.	A 200 liter drum of high fructose corn syrup with a weight of 2891 N rests on a loading ramp that is inclined file_11.bin

 above the horizontal.  Find the components of the weight forces that are parallel and perpendicular to the plane.

	37.	Two movers are using some ropes to hoist a microwave oven into an apartment as part of a custom kitchen delivery.  The microwave has a mass of 23 kg.  One mover stands at the dining room window (on the left) and pulls with a force of 150 N and the other stands at the living room window (on the right) and pulls with a force of 160 N.  The rope forms a perfectly vertical “V” with a file_12.bin

 angle.  Find the x- and y-components of the net force on the microwave.

	38.	A coin rests on a book.  The book is tilted until the coin just starts to slide.  The angle at which the coin starts to slide is file_13.bin

.  What is the coefficient of static friction between the coin and the book?

	39.	A safe rests on a boat ramp.  The ramp is tilted until the safe just starts to slide.  The angle at which the safe starts to slide is file_14.bin

.  What is the coefficient of static friction between the safe and the ramp?

	40.	What is the normal force acting on a 30.0 kg box measuring 1 m on a side that is moving across the ground horizontally at a velocity of 20.0 m/s?  The coefficient of kinetic friction for wood on gravel is 0.45.
Physics chapter 5
Answer Section

TRUE/FALSE

	1.	ANS:	T
Vector resolution is the process of breaking a vector into its components.

PTS:	1	DIF:	Bloom’s Level 1		REF:	p. 122
NAT:	B.4	STA:	P3.1A | P3.2C	

	2.	ANS:	F
The direction of a vector is defined as the angle that the vector makes with the x-axis, measured counterclockwise.

PTS:	1	DIF:	Bloom’s Level 1		REF:	p. 122
NAT:	B.4	STA:	P3.1A | P3.2C	

	3.	ANS:	T
The x-components of a vector are independent of the y-components of a vector.

PTS:	1	DIF:	Bloom’s Level 3		REF:	p. 123
NAT:	B.4	STA:	P3.1A | P3.2C	

	4.	ANS:	T
Vectors cannot be added to or subtracted from scalars.

PTS:	1	DIF:	Bloom’s Level 4		REF:	p. 35
NAT:	B.4	STA:	P3.1A | P3.2C	

	5.	ANS:	F
Kinetic friction is exerted on one surface by another when the two surfaces are moving relative to each other.

PTS:	1	DIF:	Bloom’s Level 2		REF:	p. 126
NAT:	B.4	STA:	P3.1A | P3.2C	

	6.	ANS:	T
Static friction only exists when there is no motion between two surfaces.

PTS:	1	DIF:	Bloom’s Level 2		REF:	p. 126
NAT:	B.4	STA:	P3.1A | P3.2C	

	7.	ANS:	F
Friction depends on the magnitude of the normal force -- experiments have shown that the amount of surface area in contact does not matter.

PTS:	1	DIF:	Bloom’s Level 4		REF:	pp. 126-127
NAT:	B.4	STA:	P3.1A | P3.2C	

	8.	ANS:	T
The x-components of a vector are independent of the y-components of a vector.

PTS:	1	DIF:	Bloom’s Level 1		REF:	p. 123
NAT:	B.4	STA:	P3.1A | P3.2C	

	9.	ANS:	T
When the components of a vector are summed, the result is the vector itself.

PTS:	1	DIF:	Bloom’s Level 2		REF:	p. 122
NAT:	B.4	STA:	P3.1A | P3.2C	

	10.	ANS:	F
The equilibrant is equal in magnitude but opposite in direction to the net force on an object.

PTS:	1	DIF:	Bloom’s Level 1		REF:	p. 131
NAT:	B.4	STA:	P3.1A | P3.2C	

MULTIPLE CHOICE

	11.	ANS:	B
Vectors are added by placing them tip to tail.

PTS:	1	DIF:	Bloom’s Level 1		REF:	pp. 120, 123
NAT:	B.4	STA:	P3.2C

	12.	ANS:	D
The angle of any vector is the inverse tangent of the quotient of the y-component of that vector and the x-component of that vector.

PTS:	1	DIF:	Bloom’s Level 3		REF:	p. 123
NAT:	B.4	STA:	P3.1A | P3.2C	

	13.	ANS:	A
sine = opposite / hypotenuse

PTS:	1	DIF:	Bloom’s Level 2		REF:	p. 123
NAT:	B.4	STA:	P3.1A | P3.2C	

	14.	ANS:	B
cosine = adjacent / hypotenuse

PTS:	1	DIF:	Bloom’s Level 2		REF:	p. 123
NAT:	B.4	STA:	P3.1A | P3.2C	

	15.	ANS:	C
tangent = opposite / adjacent

PTS:	1	DIF:	Bloom’s Level 2		REF:	p. 123
NAT:	B.4	STA:	P3.1A | P3.2C	

	16.	ANS:	D
Multiplying a vector by a scalar of positive magnitude changes the vector’s length, but not its direction.

PTS:	1	DIF:	Bloom’s Level 4		REF:	p. 129
NAT:	B.4	STA:	P3.1A | P3.2C	

	17.	ANS:	C
The coefficient of kinetic friction is always greater than the coefficient of static friction.

PTS:	1	DIF:	Bloom’s Level 1		REF:	p. 127
NAT:	B.4	STA:	P3.2A | P3.1A	

	18.	ANS:	C
The minimum force required to overcome friction and move an object is the static friction force.

PTS:	1	DIF:	Bloom’s Level 1		REF:	pp. 126-127
NAT:	B.4	STA:	P3.2A | P3.1A	

	19.	ANS:	B
Equilibrium occurs whenever the net force on an object is zero.

PTS:	1	DIF:	Bloom’s Level 1		REF:	p. 131
NAT:	B.4	STA:	P3.2C | P3.3A	

	20.	ANS:	C
No equilibrant force acts on an object when it slides down an inclined plane.

PTS:	1	DIF:	Bloom’s Level 2		REF:	pp. 132-133
NAT:	B.4	STA:	P3.2d | P3.2C		

	21.	ANS:	A
Find the first force, at constant speed:
(mk mg) = Ff  = Fp
(0.20)(50.0 kg)(9.8 m/s2) = Fp
Fp = 98 N

Find the acceleration due to the second force:
ma = Fp - Ff
ma = Fp - (mk  mg)
a = [(98 N/2) - (0.20)(50.0 kg )(9.8 m/s2)]/50.0 kg
a = [(49 N) - (98 N)] / 50.0 kg
a = - (49 N) / 50.0 kg
a = - 0.98 m/s2

PTS:	1	DIF:	Bloom’s Level 5		REF:	pp. 126-131
NAT:	B.4	STA:	P3.2d | P3.2C		

	22.	ANS:	A
Find the force of friction.  First, find the normal force:
file_15.bin

(mg) = FN
(100.0 kg)(9.8 m/s2) = FN
FN = 980 N

The force of friction = mkFN = mk mg = 0.35(980 N) = 343 N

Since there is an acceleration, there is an imbalance between the frictional force and the horizontal push:
F Net = ma = Fp - Ff
ma = Fp - (mk mg)
a = [Fp - (mk mg)] / m
a = [450 N file_16.bin

 (343 N)] / 100 kg
a = 1.07 m/s2

PTS:	1	DIF:	Bloom’s Level 5		REF:	pp. 126-127
NAT:	B.4	STA:	P3.2d | P3.2C		

	23.	ANS:	C
Find the first force, at constant speed:
(mk mg) = Fp
(0.20)(50.0 kg)(9.8 m/s2) = Fp
Fp = 98 N

Find the acceleration due to the second force:
ma = Fp - Ff
ma = Fp - (mk mg)
a = [(98 N(3)] file_17.bin

 (0.20)(50.0 kg )(9.8 m/s2))/50.0 kg
a = [(294 N) file_18.bin

 (98 N)] / 50.0 kg
a = (196 N) / 50.0 kg
a = 3.92 m/s2

PTS:	1	DIF:	Bloom’s Level 5		REF:	pp. 126-131
NAT:	B.4	STA:	P3.2d | P3.2C		

	24.	ANS:	B
The normal force on an object always acts perpendicular to the surface upon which the object is resting.  That is why, on an inclined plane question, the force due to gravity is broken into x- and y-components; so that the y-component can be compared with the normal force.  Another word for perpendicular is normal.

PTS:	1	DIF:	Bloom’s Level 3		REF:	p. 127
NAT:	B.4	STA:	P3.2C

COMPLETION

	25.	ANS:	
the Pythagorean theorem

One can use the Pythagorean theorem to find the magnitude of the resultant of two vectors that are at right angles to each other.

PTS:	1	DIF:	Bloom’s Level 1		REF:	p. 120
NAT:	B.4	STA:	P3.2C

	26.	ANS:	
equilibrant

An equilibrant is a force that puts an object in equilibrium.

PTS:	1	DIF:	Bloom’s Level 1		REF:	p. 131
NAT:	B.4	STA:	P3.2C

PROBLEM

	27.	ANS:	
The boat moves with 9.32 m/s at 29.8° to the river flow.

PTS:	1	DIF:	Bloom’s Level 3		REF:	Page 122
OBJ:	5.1.3 Solve for the sum of two or more vectors by adding the components of the vectors.
NAT:	B.4	STA:	P2.1E	
TOP:	Solve for the sum of two or more vectors by adding the components of the vectors.
KEY:	Sum of vectors		MSC:	3	
NOT:	Resolve the velocity of the boat into components along and perpendicular to the river flow.

	28.	ANS:	
98.7°

PTS:	1	DIF:	Bloom’s Level 3		REF:	Page 122
OBJ:	5.1.3 Solve for the sum of two or more vectors by adding the components of the vectors.
NAT:	B.4	STA:	P3.2A	
TOP:	Solve for the sum of two or more vectors by adding the components of the vectors.
KEY:	Sum of vectors		MSC:	3	
NOT:	Resolve one of the vectors into components along and perpendicular to the second vector.

	29.	ANS:	
0.73 N

PTS:	1	DIF:	Bloom’s Level 2		REF:	Page 127
OBJ:	5.2.1 Define the friction force.	NAT:	B.4	STA:	P3.1A | P3.2A | P3.3A
TOP:	Define the friction force.	KEY:	Friction	MSC:	2
NOT:	The only force on the box is the kinetic friction, which should be equal to the product of mass and acceleration of the box.	

	30.	ANS:	
The maximum force of static friction is 43.8 N and the force of kinetic friction is 38.2 N.

PTS:	1	DIF:	Bloom’s Level 3		REF:	Page 127
OBJ:	5.2.2 Distinguish between static and kinetic friction.	NAT:	B.4
STA:	P3.1A | P3.2C | P3.2d | P3.4C	TOP:	Distinguish between static and kinetic friction.
KEY:	Inclined plane			MSC:	3	
NOT:	The maximum force of static friction is equal to the force that just moves a static object. The kinetic friction force is equal to the force that keeps it moving at constant speed.

	31.	ANS:	
3.8 m/s2

PTS:	1	DIF:	Bloom’s Level 3		REF:	Page 132
OBJ:	5.3.2 Analyze the motion of an object on an inclined plane with and without friction.
NAT:	B.4	STA:	P3.1A | P3.2A | P3.2C | P3.2d | P3.4C	
TOP:	Analyze the motion of an object on an inclined plane with and without friction.
KEY:	Inclined plane			MSC:	3	
NOT:	Resolve all forces parallel and perpendicular to the inclined plane. The friction force opposes the motion of the block B.	

	32.	ANS:	
Use the Pythagorean theorem to solve for the resultant displacement:
x2 = 302 + 402
x2 = 900 +1600
x2 = 2500
x = 50 m to the northeast.

PTS:	1	DIF:	Bloom’s Level 2		REF:	p. 120
NAT:	B.4	STA:	P3.1A | P3.2C	

	33.	ANS:	
Fp = mk mg
= (0.20)(30.0 kg)(9.8 m/s2)
= 58.8 N

PTS:	1	DIF:	Bloom’s Level 3		REF:	pp. 126-131
NAT:	B.4	STA:	P3.2A | P3.1A	

	34.	ANS:	
FN = file_19.bin

Fg
= file_20.bin

mg
= file_21.bin

(30.0 kg)(file_22.bin

9.8 m/s2)
= 294 N

PTS:	1	DIF:	Bloom’s Level 3		REF:	pp. 126-131
NAT:	B.4	STA:	P3.2A | P3.1A	

	35.	ANS:	
Fgx = file_23.bin

 F (sin q)
Fgx = file_24.bin

 490 N (sin 20.0)
Fgx = file_25.bin

 168 N


Fgy = file_26.bin

 F (cosq)
Fgy = file_27.bin

 490 N (cos 20.0)
Fgy = file_28.bin

 460 N

PTS:	1	DIF:	Bloom’s Level 4		REF:	pp. 132-133
NAT:	B.4	STA:	P3.2A | P3.1A	

	36.	ANS:	
Fgx = file_29.bin

F (sin q)
Fgx = file_30.bin

2891 N (sin 27.00)
Fgx = file_31.bin

1312 N


Fgy = file_32.bin

F (cosq)
Fgy = file_33.bin

2891 N (cos 27.00)
Fgy = file_34.bin

2576 N

PTS:	1	DIF:	Bloom’s Level 4		REF:	pp. 132-133
NAT:	B.4	STA:	P3.2A | P3.1A	

	37.	ANS:	
The force of gravity on the microwave is in the y-direction:
Fg = file_35.bin

mg
Fg = file_36.bin

(23 kg)(9.8 m/s2)
Fg = file_37.bin

225.4 N

The stronger mover exerts a force in the y-direction and in the x-direction.
Fy = cos q (160 N) 
Fy = cos 37.5 (160 N) 
Fy = 127 N

Fx = sin q (160 N) 
Fx = sin 37.5 (160 N) 
Fx = 97.4 N

The weaker mover exerts a force in the y-direction and in the x-direction.
Fy = cos q (150 N) 
Fy = cos 37.5 (150 N) 
Fy = 119 N

Fx = - sin q (150 N) 
Fx = - sin 37.5 (150 N) 
Fx = - 91.3 N

Overall, the microwave has a force of 20.6 N in the y-direction (upward), and 6.1 N in the x-direction (to the right).

PTS:	1	DIF:	Bloom’s Level 5		REF:	pp. 122-123, 131
NAT:	B.4	STA:	P3.2C | P3.4e		

	38.	ANS:	
F Net, x = Ff file_38.bin

 mg (sin q) = 0
file_39.bin

 =  mg (sin q) 


F Net, y = FN file_40.bin

 mg (cos q) = 0
FN  =  mg (cos q) 

Ff  = msFN

Ff / FN  = msFN /FN   = [mg (sin q)] / [mg (cos q)] = tan q

ms = tan q = tan 17 = 0.31

PTS:	1	DIF:	Bloom’s Level 6		REF:	pp. 132-133
NAT:	B.4	STA:	P3.2d | P3.4e		

	39.	ANS:	
F Net, x = Ff  file_41.bin

 mg (sin q) = 0
FF =  mg (sin q) 


F Net, y = FN file_42.bin

 mg (cos q) = 0
FN  =  mg (cos q) 

Ff  = msFN

Ff / FN  = msFN /FN   = [mg (sin q)] / [mg (cos q)] = tan q

ms = tan q = tan 33 = 0.65

PTS:	1	DIF:	Bloom’s Level 6		REF:	pp. 132-133
NAT:	B.4	STA:	P3.2d | P3.4e		

	40.	ANS:	
The force being applied to the box is being applied only in the x-direction, so the normal force is equal to the weight of the box.

FN = mg
FN = (30 kg)(9.8 m/s) = 294 N

PTS:	1	DIF:	Bloom’s Level 3		REF:	pp. 126-127
NAT:	B.4	STA:	P3.2A | P3.1A	

