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B3-QRT68: STACKED BLOCKS—NORMAL FORCES

A student pushes two blocks, A and B, across a desk at a constant speed. The force
exerted on block A by the student is directed horizontally to the left. The mass of
block A is greater than the mass of block B. A

(a) The magnitude of the normal force exerted on block A by block B

(i) is greater than the magnitude of the normal force exerted on block B by block
A

(ii) is less than the magnitude of the normal force exerted on block B by block A.

(iii) is equal to the magnitude of the normal force exerted on block B by block A.

(iv) cannot be compared to the magnitude of the normal force exerted on block B by block A based on the
information given.

Explain your reasoning.

(iii) The normal force on block A by block B must be equal to the normal force on block B by block A by
Newton’s Third Law.

(b) The magnitude of the normal force exerted on block A by block B

(i) is greater than the magnitude of the weight of block A.

(ii) is less than the magnitude of the weight of block A.

(iii) is equal to the magnitude of the weight of block A.

(iv) cannot be compared to the magnitude of the weight of block A based on the information given.

Explain your reasoning.

(iii) Since the net force on block A is zero, and its weight and the normal force on block A by block B are the
only vertical forces, these forces must be equal in magnitude and opposite in direction.
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(¢) The magnitude of the normal force exerted on block B by block A

(i) is greater than the magnitude of the weight of block B.

is less than the magnitude of the weight of block B.

(iii) is equal to the magnitude of the weight of block B.

(iv) cannot be compared to the magnitude of the weight of block B based on the information given.

Explain your reasoning.

(i) The normal force on B by A is equal to the weight of A, and the weight of A is greater than the weight of B, so
the normal force on B by A must be greater than the weight of B.

(d) The magnitude of the normal force exerted on block B by block A
(i) is greater than the magnitude of the normal force exerted on block B by the desk.
is less than the magnitude of the normal force exerted on block B by the desk.
(iii) is equal to the magnitude of the normal force exerted on block B by the desk.
(iv) cannot be compared to the magnitude of the normal force exerted on block B by the desk based on the
information given.

Explain your reasoning.

(ii) The normal force on B by the desk must be equal to the weight of both blocks, so it is greater than the weight
of block A alone, which is equal to the normal force on block B by block A.
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B3-CT73: PULLING A CRATE ACROSS FLOOR—APPLIED FORCE
In both cases below, Grace pulls the same large crate across a floor at a constant speed of 1.48 m per second.

A Crate B Crate

Grace
Rope ? Rope

Is the magnitude of the force exerted by Grace on the rope (i) greater in Case A, (ii) greater in Case B, or (iii)
the same in both cases?

Grace

Explain your reasoning.

Answr: Greater in case B.

Since the force that the rope exerts on the crate in case B has a downward vertical component, and the net
vertical force is zero (the crate has a constant velocity), the normal force on the crate by the floor is larger than
the weight of the crate in case B. In case A, however, the normal force on the crate by the floor is equal to the
weight. Since the normal force on the crate by the floor is greater in case B than in case A, the friction force is
also greater in case B than in case A. So it must be true that the horizontal component of the tension is greater in
case B than in case A, since the net horizontal force is zero (the crate has a constant velocity). The tension in case
B is greater than its horizontal component, and the horizontal component of this tension is greater than the
tension in case A, so the tension in case B is greater than the tension in case A.
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B3-RT71: WATER SKIERS—TENSION

Water skiers are pulled at a constant speed by a towrope attached to a speedboat. Because the weight of the skiers
and the type of skis they are using varies, they experience different resistive forces from the water. Values for this
resistive force (RF) and for the speed of the skiers are given.

A v=4m/s B v=6m/s c =4m/s D v=6m/s
— —_— — —_—

i RF=750 N i RF=800N i RF=900N i RF=750N

Rank the tension in the towrope.
oo [ ][] []

1 2 3 4 All All Cannot
Greatest Least the same  zero  determine

Explain your reasoning.

Answer: C>B>A=D.

The net force on each skier must be zero because they are not accelerating. The only horizontal forces are the
tension in the ski rope and the resistive force. These must be equal and opposite to each

other to give zero net force. So the ranking of the tension is the same as the ranking of the resistive force.
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B3-CT77: BALL SUSPENDED FROM CEILING BY TWO STRINGS—TENSION
A 0.5-kg ball is suspended from a ceiling by two strings. The ball is at rest.

(a) Is the tension in string 1 (i) greater than, (ii) less than, or (iii) the
same as the tension in string 2?

Explain your reasoning.

Answer: Greater since the forces on the ball must add to zero.
Keeping the directions of the vectors as shown constrains the relative
sizes of T,, and T,, as shown in the vector summation here. Note that
T,, and T,, are perpendicular. So, T,, must be greater than T,,
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B3-RT06: CARTS ON INCLINES—NET FORCE

Carts that have a motor and brakes are traveling either up or down inclines at constant speeds. The carts are identical
but they carry either a 2 kg or 4 kg load and are on one of two inclines. Incline angles, cart masses, and speeds are
given in each figure.

A B Cc D

40 y S 4W//

Rank the magnitude of the net force acting on the cart.

OR

1 2 3 4 All All Cannot
Greatest Least the same  zero  determine

Explain your reasoning.
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B3-WWT43: BOX ON INCLINE—FORCES
A heavy box is sitting at rest on an incline. There is friction between the box and the incline, and a rope is pulling on
the box in a direction up and to the left, parallel to the incline. A physics student draws the free-body diagram below

right for the box.

Rope Ton box by rope Noaboxby incine

Toninclinebybox

Won box by Barth

‘What, if anything, is wrong with this student’s free-body diagram? If something is wrong, explain the error
and how to correct it. If this free-body diagram is correct, explain why.




image3.png
B3-CRT45: SUITCASE SLIDING DOWN RAMP AT CONSTANT SPEED—FORCES ON SUITCASE
A suitcase is moving at a constant speed as it slides down a ramp angled at 45° to the
horizontal.

Draw a free-body diagram below, labeling and defining all the forces on the suitcase.
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B3-CT65: BLOCK HELD ON SMOOTH RAMP—WEIGHT AND NORMAL FORCE
A block is tethered to a frictionless ramp by a horizontal string as
shown. The block is at rest.

Is the normal force exerted on the block by the ramp (i) greater
than, (ii) less than, or (iii) equal to the weight of the block?

Explain your reasoning.
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B3-WWT66: TWo BLOCKS AT REST—NORMAL FORCE

The two blocks are identical and both are at rest. A student comparing
the normal force exerted on the block by the surface in the two cases
states:

“Since both blocks are identical. I think the normal forces are the same

because in each case the normal force will be equal to the weight.”

‘What, if anything, is wrong with this contention? If something is wrong, identify it and explain how to correct
it. If this contention is correct, explain why.
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B3-RT67: BOXES ON ROUGH VERTICAL SURFACE—NORMAL FORCE ON WALL
Boxes are held at rest against rough, vertical walls by forces pushing horizontally on the boxes as shown.

A B [+ D E

200N 200N 100N 150N 150N
—{ 100N —»| 50N —®{50N —®{100N —{75N

Rank the magnitude of the normal force exerted on the walls by the boxes.

oo [] [] []

1 2 3 4 5 All All Cannot
Greatest Least the same  zero  determine

Explain your reasoning.

Answer: A=B>D=E>C.

The blocks are not accelerating, so the net force on each box must be zero. Since there are only two horizontal
forces on each box, the applied horizontal force and the normal force on the box by the wall, these forces must be
equal to each other. The normal force on the wall by the box is the Newton’s Third Law pair to the normal force
on the box by the wall, and is therefore equal in magnitude to the normal force on the box by the wall. So the
normal force on the wall by the box is equal to the applied force in each case.




