Newton’s Laws Practice Iltems

A moving body with no net forces acting upon it
will...

A. come to rest.

B. exist in static equilibrium.

C. continue moving with constant velocity.
D. undergo a constant positive acceleration.

A block is at rest on an inclined plane. As the
angle of incline is increased beyond the point at
which the block begins to slide...

A. the normal force upon the block decreases.
B. the force of friction increases.

C. the force required to prevent sliding of the
block decreases.

D. the weight of the block decreases.

A man (mass 150 kg) is standing on a scale in
an elevator which is dropping free fall. Accord-
ing to the scale, how much does he weigh? g =
10 m/s?

A. ON

B. I5N
C. 150N
D. 1500 N

The force compelling an object to remain in
uniform circular motion is called

the centripetal force
the reaction force
the centrifugal force

SarPr

the equatorial force

A man is standing on a scale in an elevator
which is accelerating downwards at 6 m/s%.
The scale registers 400 N. How much would
the man normally weigh?

A. 100N
B. 150N
C. 800N
D. 1000 N

A 2 kg object travels at 5 m/s in a certain direc-
tion. An unknown force is applied to the object
along that same direction. Ten seconds of con-
stant application results in the object traveling
at the speed of 25 m/s. What is the magnitude
of the unknown force?

A. IN
B. 25N
C. 4N
D. 10N

Which of the following combinations of mate-
rials for the block and plane below would pre-
vent the block from freely sliding under the in-
fluence of gravity?

A. wood on wood (ms = .3)

B. steel on concrete (ms = .9)

C. steel on steel (ms =.7)

D. more than one of the above are correct
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A 100kg mass is suspended from two spring
scales connected together as shown in the figure
atright. The scales are of negligible weight. In
this arrangement

A. each scale reads S0N.
B. each scale reads S00N.
C. each scale reads 1000N.
D

the top scale reads 1000N and the bottom
reads zero.

The weight of a 20kg mass is supported as
shown in the figure below. Three cords of neg-
ligible weight are joined at a knot. What is the
magnitude of tension T, ?

A. 14N
B. 20N
C. 200N
D. 280N

10. The units of electric field in the SI system may

11.

be referred to as either volts per meter or, equiv-
alently, as newtons per coulomb. At the loca-
tion of particle B depicted in the figure below,
the electric field of particle A has a magnitude
of 3.0 x 10° V/m, and the electric field of parti-
cle C has a magnitude of 4.0 x 10°V/m. Parti-
cle B possesses a charge of 1.5 x 10°C. What
is the magnitude of the net force on particle B ?

A. 1.1x 10N
B. 14x10"N
C. 50x10"N
D. 75x10"N
A®
B _C

A proton (mass = 1.67 x 10*" kg), moving at
a speed of 3.0 x 10°m/s in the vicinity of an
alpha particle (mass = 6.64 x 10%* kg) exerts
a force of 6.7 x 10" N on the alpha particle.
What force does the alpha particle exert on the
proton?

A. 67x10"N
B. 13x10"®N
C. 27x10"®N
D

cannot be determined without also know-
ing the speed of the alpha particle
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12. Neglecting friction and the mass of the pulley,

13.

what is the acceleration of the mass m, in the
apparatus below?

A. 0m/s?

B. 5 m/s?in the downward direction
C. 5 m/s?in the upward direction

D. 10 m/s? in the downward direction

10kg

10 kg

Traveling on a flat roadway an automobile
speeds around a curve of radius R. The coeffi-
cient of kinetic friction between the car’s tires
and the roadway is p,, and the coefficient of
static friction is u . Which best expresses the
maximum speed v at which the car can travel
without slipping?

A. U g R
B. 4 HVR
m
’ m
p. KR
m
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14. Within an apparatus kept at near absolute zero

. 2
temperature, an alpha particle, {He™", and an

. . . 2 . .
jonized helium-3 nucleus, 3He’", begin moving
at the same moment in time from a position near

the surface of the positive plate in the parallel
plate capacitor shown below. Which particle
strikes the far plate first?

2+
JHe

2+
iHe

They will both strike at the same time.

SIS e

Neither particle begins to move.
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Newton’s Laws
Answers and Explanations

1. C

This is Newton’s First Law. An object at rest stays at
rest or an object in motion stays in motion with the
same constant velocity unless acted upon by a net
force.

2. A

Let’s look at the change in the free body diagram for
the block on the inclined plane when we increase the
angle of incline and it starts sliding.

Here is the block before the angle of incline is in-
creased:

Here it is afterwards. (Note that static friction force
has been replaced with kinetic friction force.)

The normal force, N, must be equal and opposite to
the component of the block’s weight perpendicular
to the plane. As the angle of incline is increased, the
component of the weight perpendicular to the plane
decreases and so does the normal force.

3. A

The men is undergoing acceleration due to gravity.
For this to be the case, his weight is the only force
acting on him. There is no normal force, so the scale
registers O N.

4. A

In uniform circular motion, a centripetal force is the
force that makes a body follow the circular path. Its
direction is always perpendicular to the motion of the
body and towards the center of the circle.

5. D
With this type of problem, it’s a good idea to start
with a free body diagram and feel your way.

W =mg

N=400 N

Above is a free body diagram corresponding for the
man on the elevator. We can derive an expression for
the net force on the man from this free body diagram
and use Newton’s 2nd Law to relate this net force



to his acceleration. The acceleration the man under-
goes is the result of this net force acting on his mass.
(Note we are calling the upward direction negative
because it feels clearer mentally. It’s okay to do it
either way as long as you’re consistent.):

>F=ma
mg - 400N = m (6 m/s?)
m(10 m/s?) - m (6 m/s?) = 400N
m(4 m/s?) = 400N

m = 100kg
mg = 1000N

6. C

Through Newton’s 2nd Law, we know that to deter-
mine the force on the object we need to compute the
acceleration it is undergoing. The acceleration is the
rate of change of the velocity:

gz Av_ V%
AN At
25m/s-5m/s

= 10 s =2m/52

Then applying the 2nd Law:

F =ma
= (2 kg)(2 m/s?)
= 4N

7. D

The block will not side if the component of the weight
of the block down the plane is less than the threshold
of static friction. If that case a static friction force

equal and opposite to the component of the weight
down the plane will prevent sliding.

The threshold of static friction equals the product of
the coefficient of static friction and the normal force.
The static friction force which occurs will be less
than or equal to this value.

F.<uN

The normal force on the inclined plane is equal in
magnitude to the component of the weight perpen-
dicular to the plane, so the threshold of static friction
can be expressed:

F_<pmg cos 30°
The block won’t slide then if the following weight
parallel to the plane, which will be met by an equal

and opposite static friction force, is less than this
threshold.

mg sin 30° < pmg cos 30
0.5 < 1087

uo = 0.6

Both steel on steel and steel on concrete satisfy this
condition. With those materials, the block won’t
slide.



8. C
If the two spring scales were sharing the load, they
would each show approximately half the weight. But

if you hang one below the other, then each feels the
full load.

500N 1 NSOON
1000N
100kg
9. C

Solving cord tension problems nearly always begins
with construction of a free body diagram. Focusing
on where the cords meet, we know that, because net
force equals zero, the cord(s) must supply an upward
force equal and opposite to the weight.

—_—

This upward force is supplied solely by the vertical
component of T,, 200 N. And because the angle of
T, is 45°, its horizontal and vertical components are
equal. If the horizontal component of T, also equals
200 N, then the value of T, is also 200 N.

200N T,

200 N

10. D

The question stem provides a bit of help in mention-
ing that the strength of an electric field can equiva-
lently be thought of in terms of newtons per coulomb
or volts per meter. Even though the given informa-
tion 1is expressed in volts per meter, straightforward-
ly thinking about what newtons per coulomb must
mean for an electric field leads you to the basic elec-

trostatics formula F = Eq. In other words, we simply
multiply the field strengths of charges A and C at the
location of charge B by the charge in coulombs of
B to obtain the respective forces each exerts on B
shown in the free body diagram below.

A
®
A 9-11
0x 101N
0, -
B

Now we perform vector addition to obtain the net
force on B. The ratio of the forces are 3:4 and they
are at a right angles, so vector addition will conform
to the simple 3:4:5 right triangle ratio. A clue was
provided in that the electric field strengths in the
question stem have scientific notation coefficients 3

and 4.
-11
45 x 10" N i 75 x 10" N
6.0 x 10" N
l + — ™ = \
11. A

MCAT passages and question stems will often have
a lot of hand-waving with scientific details. It can
make an easy question seem a lot more complicated
than it is. Always start with the assumption that the
question is easy. In this case, this is simply Newton’s
3rd Law. If an object A exerts a force on object B,
then object B must exert a force of equal magnitude
and opposite direction back on object A.



12. B

Sometimes there’s a period of uncertainty the mo-
ment you first encounter a physics or chemistry
problem. It can be like staring into the void, and you
don’t exactly know what to do. This is natural. It
doesn’t mean you’re in trouble. Be patient and let
your mind accommodate to the problem. Play with
it a little bit. Be open to your intuition. Write down
the given information. Some kinds of problems are
convenient in that there are some very useful things
to do while your mind adjusts to the problem. In a
chemistry problem, you write molarity as moles per
liter or molecular weight as grams per mole, for ex-
ample. You’re doing something useful and playing
for a little time. Trust yourself. There’s no reason to
feel stress. Soon the problem will be unfolding, and
then you see it.

In this type of problem, a very useful thing to do at
the start is construct a free body diagram.

SON 1 50N T TSON

m,

10k
€1 100N

m,

10kg

100N

The tension in the rope is SON to hold up the 10kg
mass on the left. This translates as a net upward force
of SON on the mass on the right. Therefore, there is a
net downward force of SON on the 10kg mass. From
Newton’s 2nd Law, F = ma, we know then it is un-
dergoing a 5 m/s? acceleration downward.

13. A

An object traveling on a curved path with a certain
radius of curvature will experience a centripetal
force equal to

F my?>
T

- r

The threshold of static friction represents the max-
imum capacity of static friction for two surfaces. If
a motion producing force exceeds this value, then
sliding will occur. The threshold depends on the co-
efficient of static friction for the materials and the
normal force.

F, <uN

At the maximum speed, the centripetal force will
have come to equal the threshold of static friction.

2
mvmax

Vs = N
_ WNR
vé‘lax - T

The normal force between the car and the roadway
will be equal in magnitude to the car’s weight, mg, so
we can simply the expression:

N = mg
Viax = MG R

Vinax = ’\/ l,lng

14. A

We have two positively charged particles with the
same magnitude of charge within the same uniform
electric field. They both experience the same electro-
static force, F = Eq. However, because the helium-3
nucleus has a smaller mass, ie. 3 amu vs 4 amu for
the alpha particle, it has less inertia. By Newton’s
2nd Law, F = ma, the same force on a smaller mass
will result in a greater acceleration, so the helim-3
nucleus will strike first.




