Physics 100A — Summer 2016
Chapter 5

Solutions are provided only for problems from your textbook. The other problems
already have so much guidance and notes that you should be able to understand where
you have gone wrong.

Problems

4. Picture the Problem: You exert a horizontal force that accelerates both your little
sister and the sled.

Strategy: Apply Newton’s Second Law to the sled + sister combination, and solve
for the mass of your sister.

Solution: 1. Use Newton’s Second Law ,, _ £ _ 120N _

to find the e T s mis?

total mass of the sled + sister

combination:

2. Find the mass of your sister by Mster = Mgt — Myeq = 48 kg = 7.4 kg =

subtracting:

Insight: A more massive sister would decrease the acceleration of the sled if the
pulling force remained the same.

18. Picture the Problem: The free body diagrams for the F, = E,
car and the trailer is shown at right. The diagram — [ ——
assumes there is no friction.

Strategy: In order to determine the forces acting on
an object, you must consider only the forces acting on
that object and the motion of that object alone. For
the trailer there is only one force F, exerted on it by
the car, and it has the same acceleration (1.85 m/s?) as
the car. For the car there are two forces acting on it,
the engine F,and the trailer -F,. Apply Newton’s
Second and Third Laws as appropriate to find the
requested forces.

Solution: 1. (a) Write Newton’s Second > F=F, =ma=(560 kg)(1.85 m/s* )X =|(1.0 k
Law for the trailer:

2. (b) Newton’s Third Law states that the .
force the trailer k=
exerts on the car is equal and opposite to the

(—LOkN)X



28.

29.

force the car
exerts on the trailer:

3. (c) Write Newton’s Second Law for the ' F =M a=(1400 kg)(1.85 m/s* )% = (2.6 kN’
car:

Insight: The engine force F, must be (3.6 kN)xbecause it must both balance the 1.0-

kN force from the trailer but also accelerate the car in the forward direction, requiring
an additional 2.6 kN of force.

Picture the Problem: The two men pull on the q
barge in the directions indicated by the figure at ;
right.. ~ THEEEEE

Strategy: Place the x-axis along the forward
direction of the boat. Use the vector sum of the
forces to find the force F such that the net force in 130N

vetion's er, s NI

Solution: Setthe > F, =—(130 N)sin34°+ F'sin45° =

L

sumof F=(130N)3"3* _100 N =[0.201
the forces in the y sin 45°
direction

equal to zero:

Insight: The second crewman doesn’t have to pull as hard as the first because a
larger component of his force is pulling in the y direction. However, his force in the
forward direction (73 N) is not as large as the first crewman (110 N).

Picture the Problem: The displayed free body diagrams
depict the forces exerted on identical hockey pucks.

aN

EN() TM 3N
A
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Strategy: Add the forces as vectors to find the net force.
The largest net force will produce the largest acceleration b
according to Newton’s Second Law. (j'.’k =

Solution: The net force for case A is (7-5N)=2N. For

case B its magnitude is +/3° +3* N* = 4.24 N. For case C we
must add the components:
C,=3N +(3N)cos45°=512N  C, =(3N)sin45°=2.12 N

C=+/5.12*+2.12° N* =554 N

Finally, the net force in case D is 3 N. Therefore, the ranking of the accelerations,
from smallest to greatest, is:
A<D<B<C|




Insight: The question could be answered without any calculation. First we note that
the net force in case A is 2 N, which is less than the 3-N net force in case D. Second,
both cases B and C have net forces larger than 3 N. Third, we note that the two 3-N
forces in case C are more nearly in the same direction, as compared with the two 3-N
forces in case B. It follows that the puck in case C has the larger acceleration.

Picture the Problem: The two teenagers pull on

41.

the sled in the directions indicated by the figure
at right.

Strategy: Write Newton’s Second Law inthex 5 5o
direction (parallel to &) in order to find the
acceleration of the sled.

Solution: Write D_F, =2F c0s35°~57 N = (my,, +m,

Newton’s _ 2Fc0s35°-57 N

Second Law ’ Mgeg + Mepirg

i 2(55 N)cos35°~57 N

Ir! the.x a, = ( ) =15]
direction: 19+3.7kg

Insight: Some of the force exerted by the teenagers is exerted in the y direction and
cancels out; only the x components of the forces move the sled.

Picture the Problem: The elevator accelerates up and
down, changing your apparent weight Wa. A free body
diagram of the situation is depicted at right.

Free-body diagram

Strategy: There are two forces acting on you: the applied
force F =W, of the scale acting upward and the force of

gravity W acting downward. The force Wa represents your W,
apparent weight because it is both the force the scale exerts
on you and the force you exert on the scale. Use Newton’s

Second Law together with the known force Wa acceleration _1_. X
to determine the acceleration a.

Solution: 1. The direction of acceleration is {downward|. A
downward acceleration results in an apparent weight less
than the actual weight.

2. Use Newton’s Second Law S F, =W,-W =ma

together C|w—w| |, -w| [21-142 1 A
with the known forces to deter- |"|_| m | | wig || 1421 (9.81m/s )—E
mine the

magnitude of the acceleration a.
Insight: You feel the effects of apparent weight twice for each ride in an elevator,



once as it accelerates from rest and again when it slows down and comes to rest.

44, Picture the Problem: The free body diagram of the
suitcase is shown at right:

y Free-body diagram

Strategy: Write Newton’s Second Law in the vertical
direction to determine the magnitude of the applied
force F.

Solution: Use D F, =N-W+Fsing=0
Newton’s Second P W-N (23kg)(9.81 m/s*)-1¢
Law in the vgrtlcal “sing sin 25° W
direction to find F" F=110N=[0.11kN
f

Insight: If the upward force applied by the handle were
zero, the normal force N would equal the weight W of
230 N.

Picture the Problem: The free body diagram of the lawn
mower is shown at right.

Strategy: Write Newton’s Second Law in the vertical
direction to determine the normal force.

Solution: 1. (a) Use
Newton’s Second > F, =N-Fsing-mg=ma, =0
Law to find V: N =Fsin0+mg

= (219 N)sin35°+ (19 kg)(9.81 1

N=310N =|0.31 kN

2. (b) If the angle between the handle and the horizontal is increased, the normal
force exerted by the lawn will because it must still balance the weight plus a
larger downward force than before.

Insight: The vertical acceleration of the lawn mower will always remain zero
because the ground prevents any vertical motion.



