e NEWTON'S 1ST & 2ND LAWS

Newton's 1st & 2nd Laws of Motion

1. Aforce is... (select all that apply)

A an energy field that consists of a light side and a dark side that connects all living things
B a push or a pull that acts on an object

C a vector quantity

D something that is required to keep an object moving

2. The Sl unit of force is...
A m
B kg
C N
D m/s?

3. Which of the following would be categorized as a contact force? (select all that apply)

A The tension force acting on a box that is pulled by a rope

B The gravitational force pulling an object down

C The friction force acting on the surface of a book sliding across a table
D The normal force acting upwards on a person sitting in a chair

4. Which of the following should be included in a free body diagram? (select all that apply)
A The object that we're focusing on, or a dot that represents the object as a particle
B All of the forces acting on the object that we're focusing on, represented as vectors
C The objects that are causing the forces on the object that we're focusing on
D A coordinate system (the direction of the positive x and y axes)

5. Newton’s 1st law of motion states that an object at rest will remain at rest if...
A there are no forces acting on the object
B the object is sitting on the ground
C the object has zero energy
D there is no net force (no unbalanced force) acting on the object

6. According to Newton'’s 1st law of motion, an object that is moving at a constant velocity...
A must have one force acting on it in the direction of the velocity
B must have no forces acting on it
C must have a net force acting on it in the direction of the velocity
D must have no net force acting on it

7. Inertiais... (select all that apply)

A an object’s tendency to remain at rest

B an object’s tendency to remain in motion

C an object’s tendency to resist changes to its motion
D related to an object’s mass



10.

11.

12.

13.

14.

According to Newton'’s 2nd law of motion, an object’s acceleration depends on... (select all that apply)

A the mass of the object

B the velocity of the object

C the net force acting on the object
D the energy of the object

True or false: If you know the magnitude and direction of every force acting on an object, you can determine
the direction that the object is moving.

A True

B False

The Sl unit for mass is...
A N

B kg
C Ib
D m

An object of mass m experiences a single force F. The object's acceleration would be...

A Fm
B m/F
C F/m
DO

An object with a mass of 5 kg is accelerating at 2 m/s2. The net force acting on the object must be...

A 2N
B 25N
C SN

D 10N

A 25 N net force is acting on an object with a mass of 5 kg. The object’s acceleration is...

A 2.5 m/s?
B 5 m/s?
C 10 m/s?
D 25 m/s?

A 6 N force is acting on an object which causes it to accelerate at 3 m/s2. If no other forces are acting on the
object, the object’s mass must be...

A 2kg

B 3kg
C 6kg
D 12 kg
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A 4 kg object is moving at 6 m/s to the right when it experiences a 12 N force pushing it to the right and a 12 N
force pushing it to the left (and no other forces are present). What will happen to the object’s speed?

A It will increase

B It will stay the same

C It will decrease

D Cannot be determined

An object with a mass of 2 kg experiences a net force with a magnitude of F, and accelerates at 6 m/s2. A
second object experiences the same net force and accelerates at 4 m/s2. What is the mass of the second object?
A 2kg

B 3kg

C 4kg

D 6kg

A box is being pulled to the right by the tension force in a rope. A friction force is acting
to the left, the weight force is acting downwards, and a normal force is acting upwards.
Which of the following could be a free body diagram of the box? (select all that apply)
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A free body diagram of an object is sho the right. Which of the followi
; y diag . J | v.vnon erig Ich of the tollowing Yy F1 | | F2
describe the net forces acting on the object?
A2F,=F,+F , 2F, =0 X
B 2F,=F,-F, , 2F,=0
C JF,=F,, 2F,=F,
D2F,=0, 2F,=0
A free body diagram of an object is shown on the right. Which of the following F,

describe the net forces acting on the object?
A YF,=F -F,, YF,=F,

B JF,=-F;, 2F,=F, + F,

C 2F,=F; , 2F,=F  + F,

D 2F,=F;, 2F,=F, - F,
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A free body diagram of an object is shown on the right. Which of the following F
describe the net forces acting on the object?
AZFXiF4—F3:ZFy=F1-|;F3—F2 &X&—’H
B 2F,=F,— Fssin(8) , 2F, = F; + F3cos(0) — F,

C 2F,=F,— Fzcos(0) , 2F, = Fy + F;sin(6) — F,
D YF,=F, ., SF,=F, + F;— F,
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A free body diagram of an object is shown on the right. Which of the following F —» F,
represent Newton'’s 2nd law applied to this object? 14

m
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AZFX=F2+F3_F1=maX,ZFy=_F4=may *
BZFX=F2_F3_F1=maX,ZFy=_F4=may L’X F4
C F,=F, +F,+ F, , 2F,= F, = ma
DZFX=F1_F2_F3 ,ZFy=F4=ma
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An object is accelerating horizontally to the left. Which of the following could be free body diagrams for this
object? Note that the vectors are not drawn to scale. (select all that apply)
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A free body diagram of an object is shown on the right. Which of the following show 8N
the direction of the object’s acceleration? Note that the vectors are not drawn to scale. T
A ° - > 8Ne— [»5N

A free body diagram of a 4 kg object is shown on the right. What is the
magnitude of the object’s acceleration?

{ AN<«{ —»6N

A 4 m/s? P X
B 2m/s?
C 0.5 m/s?
D 0 m/s?
A free body diagram of a 3 kg object is shown on the right. If a, is 1 m/s? F,
and a, is -1 m/s?, what are the magnitudes of F, and F, ? A
A F,=2N,F,=15N
B F,=15N,F,=2N 12N —»F
C F,=8N,F,=9N y
D Cannot be determined A v
> X 5 N
A free body diagram of an object is shown on the right. If the object is accelerating 16 N
at 3 m/s?, what is the mass of the object? T
A 1kg
B 2kg
C 3kg y ¢¢
P 5k T_, 5N 5N
X



27. A free body diagram for an object is shown in Figure 1. What is the magnitude 8 N
of the object’s acceleration? ?

6 N «—{4 kg|—» 20 N

t,, &

Figure 1

28. If the object in Figure 1 is moving to the right at 4 m/s at t = 0 s, how fast is it moving at t = 2 s?

29. If the object in Figure 1 starts at rest, how far does it move over a period of 3 s?

30. A free body diagram for a 2 kg object is shown on the right. What is the 4 N 6N
magnitude and direction of the object’s acceleration (give the direction as A
an angle counterclockwise from the positive x axis). 3 N < d §0°
y
A \
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Answers

1. B,C 11. C 21. A

2. C 12. D 22. B, C

3. ACD 13. B 23. D

4. A, B,D 14. A 24. C

5. D 15. B 25. A

6. D 16. B 26. B

7. A, B,C,D 17. C,D 27. 3.5 m/s?

8. A C 18. B 28. 11 m/s

9. B, False 19. D 29. 15.8 m

0. B 20. C 30. 3.2 m/s? at an angle of 70°

Answers - Newton's 1st & 2nd Laws of Motion

1. Answer: B, C
A force is a push or a pull that acts on an object and is caused by something else. Forces are vector quantities
which means they have a magnitude and a direction. Although forces are related to an object’s motion, Newton'’s
1st law of motion states that an object will keep moving if there are no forces acting on it.

2. Answer: C
The Sl unit for force is the Newton (N) which equivalent to kg-m/s2.

3. Answer: A, C,D
Tension, friction and normal forces are contact forces because they act on object through direct contact.
Gravitational force is a non-contact force because the earth applies the force on an object without direct contact.

4. Answer: A, B, D
A free body diagram is used to illustrate all of the forces acting on a single object. It should include the object
we're focusing on, all of the forces acting on that object (represented as vectors), and the choice of coordinate
system so we know which are the positive x and y directions. A free body diagram should not include any other
objects or the environment.

5. Answer: D
Newton’s 1st law of motion specifically states that an object at rest will remain at rest if there is no net force (or
no unbalanced force) acting on the object. There may be forces acting on the object and it still remains at rest if
those forces are balanced in opposite directions (the net force is zero).

6. Answer: D
Newton’s 1st law of motion states that an object that is moving with a constant velocity must have no net force
acting on it. There may be forces acting on the object, but they would be balanced in opposite directions. An
object does not require a force to continue moving at a constant velocity.

7. Answer: A, B, C, D
All of these accurately represent the concept of inertia as described in Newton'’s 1st law of motion. An object’s
inertia is proportional to its mass, which is further described in Newton’s 2nd law of motion.

8. Answer: A, C

Newton's 2nd law is represented by the equation F,., = ma, so the acceleration depends on the object's mass

and the net force acting on the object.
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Answer: B, False

If you know the magnitude and direction of every force acting on an object you can determine the magnitude
and direction of the net force and the acceleration, but not the direction of the velocity. From kinematics, an
acceleration tells you how the velocity is changing over time but you would need to know more information to
know the object’s velocity at a particular time.

Answer: B
The Sl unit for mass is the kilogram (kg).

Answer: C
The object’s acceleration is given by Newton’s 2nd law of motion.
F=ma a=F/m

Answer: D
F.et = ma = (5kg)(2m/s?) = 10 N = 10 kg-m/s?

Answer: B
F...=ma (25N)=(5kg)a a=5m/s?

Answer: A
Fnet= ma (6 N) - m(3 m/sz) m = 2kg

Answer: B
Because the two forces are equal in magnitude and acting in opposite directions, the net force acting on the
object is zero so the acceleration is also zero. That means the object’s speed will not change.

Answer: B

The magnitude of F, can be found from the motion of the first object, which can then be used to find the mass of
the second object:

>F=ma F,=(2kg)6ém/s?) F,=12N

>F=ma 12N =m(4 m/s?) m=3kg

Answer: C, D
A free body diagram of the box shows the box (represented either by a picture of just the box, or a dot which
represents the box as a particle) and all of the forces acting on the box. It does not show any other objects.

Answer: B
F, acts in the positive x direction so it has a positive value, and F; acts in the negative x direction so it has a
negative value. There are no forces acting in the y direction.

Answer: D
F5 acts in the positive x direction so it has a positive value. F; acts in the positive y direction so it has a positive
value, and F, acts in the negative y direction so it has a negative value.

Answer: C

F, acts in the positive x direction so it has a positive value. F; acts in the positive y direction so it has a positive
value, and F, acts in the negative y direction so it has a negative value. F; acts at an angle so it has force
components in the x and y directions: the x component is F3 cos(0) which acts in the negative x direction, and
the y component is F3sin(0) which acts in the positive y direction.
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Answer: A

F, and F; act in the positive x direction, and F; acts in the negative x direction. F, acts in the negative y
direction. Newton'’s 2nd law of motion applies to the x and y directions: 2 F, = ma, , 2F, = ma,.
Answer: B, C

In options B and C the net horizontal force is to the left and the net vertical force is zero, so the object will
accelerate to the left. The object in option A has zero net force and will not accelerate. The object in option D
has a net horizontal force to the left and a net vertical force upwards, so the object will accelerate to the left
and upwards (not just horizontally to the left).

Answer: D
The net horizontal force is 3 N to the left and the net vertical force is 8 N up. The net force acting on the object
is up and to the left, which is the same direction as the acceleration.

Answer: C
>FE=ma, F,=6N-4N=2N = (4kg)a, a,=0.5m/s?

Answer: A
>FF.=ma, JYF,=F,—12N = (3kg)(1m/s2) F,=15N
>F,=ma, YF,=F,—5N=(3kg)(-1m/s?) F;=2N

Answer: B
ZFy = ma, ZFy

16 N —5N - 5N = m(3 m/s?) m = 2 kg

Answer: 3.5 m/s?

>F,=ma, 2F,=20N -6N =(4kg)a, a,= 3.5m/s?
ZFy= ma, ZFy= 8N — 8N = (4 kg)a, a, = 0 m/s?

a = 3.5 m/s? (there is no y component of the acceleration vector)

Answer: 11 m/s
The acceleration a is 3.5 m/s2 which was found in a previous question.
vi = v, + alAt vi = (4 m/s) + (3.5 m/s2)(2 s) vi= 11 m/s

Answer: 15.8 m
The acceleration a is 3.5 m/s? which was found in a previous question.

Tat?  x;=(0m)+(0m/s)3s) + 2(3.5m/s?)(35)>  x;=158m

xf=xi+vit+5a

Answer: 3.2 m/s? at an angle of 70°
>F,=ma, 2F,=(6N)cos(30°) — 3N =(2kg)a, a,=1.1m/s?
>F,=ma, >F,=4N + (6N)sin(30°) — 1N =(2kg)a, a,= 3 m/s?

a, and a, are the components of the acceleration vector a. The magnitude and direction of a are:

y
a’=aj+a a=Jai+al a= J(1.1 m/s2)? + (3 m/s2)? = 3.2 m/s2

.fa 1 3 m/s2
O =tan'| 2 @ =tan'| ——— | = 70°
ay 1.1 m/s2




