DEPARTMENT OF PHYSICS
Winter 2001 Physics 1A Homework Solutions CHAPTER 4
Instructor: Professor M.Y. Okamura

4.1

As the ball reaches the top of its path it has no vertical velocity: v, = 0. Also, since the ball
has no horizontal velocity relative to the bus, its horizontal veIocaty relative to the stationary
person outside the bus is equal to that of the bus. Hence ¥ = (10m/s)-horizontal.

4.3

The vertical separation between the grapes and the open mouth of Marc Antony is s, =
1.0000m. Since the grapes are released with no initial vertical velocity, their time-of- ﬂlght 1
satisfles s, = 3 igt?, or t = V2, 7g. In the mean time, the grapes must move horizontally by
s, ata constant speed of v_ = 2 213 6m/s, so they must be released a horizontal distance s_

from him, where
[2s, /2(1.0000m)
= ¥ = (221 —_ . =10 .
v, p (2.2136m/s) 5,800 0m/s? 000m
4.7

The two persons are pulling each other through the rope with a force of magnitude 100N. The
net force exerted on the person on the left by the the one on the right is 100N, to the right.

4.8

Horizontally, there is a rightward external force of magnitude 3.0kN and a leftward external force
of 0.50kN. The net horizontal external force on the truck is then 3.0kN — 0.50kN = 2.5kN, to
the right. Vertically, the net upward force is 2.5 kN +2.5kN = 5.0kN, while the net downward
force is also 5.0kN. So the net external force in the vertical direction vanishes.

4.9

Since the 100-N force makes an angle of 45° with the positive z-axis, its z-component is F_ =
(100N) cos45° = 70.7N, and its y-component is F,, = (100N)sin45° = 70.7N. Similarly,
for the 200-N force F,_ = (200 N) cos 30° = 173.2N and F, = (200N)sin30° = 100N. Thus

the components of the net force Fare F, = F_+F, =70.7N+173.2N = 243.9N and
F,=F +F, =7.IN+ 100N = 170.7N. The mavmtude of the equivalent single force 1

is then "
F= 1/F3 -+ Ff = \/(2«413.91~J)2 +(170.7N)2 = 298N,

and F makes an angle 8 with the positive z-direction, where

170.7N
F.~ 2439N

=0.6999,

which gives 8 = +35°.



4.13

The monkey and the dart start their respective motion at the same instant. Note that the
monkey falls vertically so its horizontel position does not change. Suppose that it takes a time
t for the dart to close the initial horizontal separation between itself and the monkey. Now, if
there were no gravity, then the dert would just move 2long the line-of-sight. Due to the presence
of gravity, however, the actual trajectory of the dart falls below the original line-of-sight by an
emount 39t* by the time the dart reaches the same horizontal position as the monkey. The
monkey, meanwhile, also falls vertically from the line-of-sight by exactly the same amount. So
gfter a time ¢ into the flight the dart and the monkey will be at the same vertical as well as
horizontal position. This is why the dart will get the monkey.

4.22

Due to Newton'’s Third Law, the net forces exerted on the two magnets are equal in magnitude
end opposite in direction. The resulting acceleration of each magnet is inversely proportional
to its meass. Since the more massive one (with m = 2.0kg) hes an acceleration of (10.0 m/s?)-

north, the 1.0-kg mass must have an acceleration in the opposite direction (i.e., due south), of
magnitude (2.0kg/1.0kg)(10.0m/s?) = 20 m/s?,

4.33

First find the acceleration a(t) of the ball as the second derivative of its displacement y(t) with
respect to time:

d’y d [/dy d (d d
aft) = Sl (E{) == {-CE [(4.9 m/sz)tz]} == [(4.9m/s?)2t] = 9.8m/s?.
The force acting on the ball (of mass m = 1.0kg) is then

F(t) =ma(t) = (1.0kg)(9.8 m/s*) = 9.8 N.

T

.34

(2) The force F exerted by the heart causes the body of mass m to undergo an acceleration of
a. So F =ma = (T0kg)}(0.06 m/s?} = 4N,

(b) When the force F'is applied on the body for At = 0.10s, the resulting change in momentum
of the body is Ap = FAt = (4N)(0.10s) = 0.4 N's.

4.39

Consider the deceleration process of the bullet of mass m (= 10g = 0.010kg). Before de-
celeration its initial speed is v, (= 200m/s), and afterwards its final speed v is of course
zero. The average speed v,, during the process is then v,, = (v, + v) = v,. The bul-
let’s displacement during the stage, s (= 20cm = 0.20m), then satisfies s = v, At, where
At = sfv,, = 2s/v, = 2(0.20m)/(200m/s) = 0.0020s is the time it took for the builet to
stop inside the block. The change in its speed, meanwhile, is Av = v — v, = ~v, = =200 m/s,
where we chose the direction of motion of the bullet as positive. Thus the average acceleration
of the bullet is given by a,, = Av/At = (~200m/s)/(0.0020s) = —1.0 x 10°m/s?, and the
corresponding average force F' exerted by the block on the builet is

F_, =ma,_, = (0.010kg)(~1.0 x 10° m/s?) = —1.0kN.
Here once again the minus sign indicates that the force exerted on the bullet was opposite to

its direction of motion. According to Newton's Third Law the force exerted by the bullet on
the block is = F = ~1.0kN opointine in the direction of mation of the hillet



4.54
The downward weight of the frog of mass m is F,, = mg = (0.50kg}(9.8 m/s*) = 4.9N. To lift

the frog up one must apply an upward force whose megnitude exceeds 4.9 N. When a minimum

force (barely greater than 4.9 N) is applied the net force on the frog is virtually zero, meaning
that the frog can only be picked up at a very slow znd constant speed.

4.57
.The mass m of the youngster can be found from her weight F,: m = F,,/g. Since she

experiences an average acceleration a,,, the force exerted on her by the floor must be

_ F,a,,  (392.4N)(5.00m/s?)

= = = 200N.
Ay v g 9.81 m/52 ;

4.65

Parallel to the incline, the net force exerted on the car is 2. F, = F, sin6 = mgsin#, where
m is the mass of the car and § = 20° is the angle of mchnatmn Set Z Fy = ma to obtain the
acceleration a of the car down the incline: a = gsm8 The speed v of the car after sliding
down by a distance of s = 20m is then given by v? = 2as, or

v =v2as = \/2gssind = /2(0.81 m/s2)(20m)(sin20°) = 12m/s.

-D.

4.66

(2) The tension Fi. on the topmost end of the rope is used to support the weight of both J amey
(J) end Amy (A), who are undergoing no acceleration. Thus

F.=m,g+m,g=(100kg + 50.0kg)(9.81 m/s?) = 1.47kN.

(b) The middle point of the rope has only the weight of Jamey to support. So the tension there
is
F, =m,g = (100kg + 50.0kg)(9.81m/s?) = 981 N.

(c) The net upward force exerted on the two-people system is F.., the tension at the topmost
of the rope; and the net downward force is their total weight, F\, = (m, +m,)g. Taking up
as positive, Newton’s Second Law for the two-people system reads

1Y F, = F —(m, +m,)g = (m, +m,)a,
where a = +9.8m/s?. Solve for F.:
F, = (m, +m,)(g +a) = (100kg + 50.0kg)(9.8 m/s? + 9.81 m/s?) = 2.9kN.
To find F. in the middle of the rope, we just have to realize that here F. is responsible only

for the upward acceleration of Jamey, rather than both Jamey and Amy. Thus we eliminate
m, from the equation above and obtain

™ N famem kN Fm o 3 T e aa Oy MY RT



4.87
(a) and (b) Free-body diagrams for the three masses are shown -
to the right. Since m, > m,, m, will move down, m, will move Fn A

up, while m, will move to the right. Taking up to be positive
and denoting the common magnitude of the acceleration for all
three masses as a, then Newton's Second Law reads )

+TZF,1 =Fr, —’:nlg =m,(-a) = ~m,a

mg Y
for m,;
:zFﬂ:Fm"Fﬂ:mza - -
for m,; and Fn Fn
~t 2 -
+TZF,, =F,, —m,g=m,a
for m,. Adding up the last two equations and then subtracting F. \
from the result the first equation enables us to eliminate ., and s
Fiy. Theresult ism,g—m,g = (m, +m, +m,)a, which yields
3
m, —m 4kg - 2kg 1
= ( } 3 g = g = --g '
m, +m, +m, dkg+2kg + 2kg 4 -

Now plug in the result of a into the equation for m, to find F:

1 3,,.
Fry=mg-ma=mg—3m,g= (4 kg)(9.81m/s?) = 0.3 x 10° N = 0.03kN;;

and plug in the result of a into the equation for m, to find F:

Fry=m,g+ma=m,g+ %m,g = -3(2 kg)(9.81m/s?) = 0.2 x 10? N = 0.02kN,

(c) The tensions in the ropes are internal to the three-mass system, while the weights of the
masses are external. :

]

4.96 .
-"i‘-o—drag the garbage can of weight F, at a uniform speed (i.e., with zero acceleration), you must

apply & force F which is equal to its kinetic friction with the road: F=F, = p, F, = e F,, <
F.. So as the weight of the can (F;) increases from 100N to 150N the corresponding force
: shv;uld also increase by the same proportion, from 40N to F’, where F/ /40N = 150N/100N.

So FY = 60N.



4.102

First, find the acceleration of the bottle. Since the bottle {of mass m) slides up the incline, the
Kinetic friction on the bottle is down the incline. Perpendicular to the incline the acceleration
of the bottle is zero: @, = 0. So +,L F, = F, — F,, cos6 = ma, = 0, where § = 20°.
Parallel to the incline +\3_ Fy = —F,, sinf— F, = ma,, where the minus signs indicate that
the directions of both F, and the component of gravitational force are down the incline. The
first equation above gives F, = Fy, cos# = mgcos§, which, when substituted into the second
equation, yields —F,, sin§—F, = —mgsin f-u, mgcos § =ma,,ora, = —g(sin 8+ p, cosf).
Suppose that the bottle can slide up the incline by a displacement of 5, while its speed decreases

from v, (= 2.0m/s) to v (= 1.0m/s), then v? — v? = 2a,s,, and so

v? ~ 9} v? —v?
— 9 o
% 2e, —~2g(sin 8 + p, cosf)

_ (1.0m/s)? ~ (2.0m/s)?

"~ <2(9.81m/s?) [sin 20° + 0.4{cos 20°))

=0.2m,.
4.104
A free-body diagram for the trunk of mass m is . -
shown to the right. The force exerted by the woman A Fu

is denoted as F, which points at § = 30° below the
horizontal level. In the vertical direction there is

no acceleration, so -3
F,

. B ET '-?q--ﬁ;,tf PR R AR T

+7 z Fv =F, - Fsinf—-F, = ma, = 0, R LR RS SR T TER £ ¥ Ty

where F,, = mg. This gives Fy = Fsinf +mg =
(300 N)(sin 30°) + (100kg)(9.81 m/s?) = 1.13kN.

In the horizontal direction, in order for the trunk to slide forward the woman needs to first
overcome the maximum static friction from the floor: F,(max) = p,F, = (0.5)(1.13kN) =
565 N. However, the force to the right is only F cos 8 = (300 N)(cos 30°) = 260N, which is less
than the 565-N force needed. So the trunk will not move, and its acceleration is of course zero.



4.108

Free-body diagrams for both m, and m, are shown to Fu A
the right. The tension F. exerted by the rope on both
masses is the same, since the rope is massless. Neither F 5
) ! . R TN N DU S
mass 1s undergoing any acceleration. So for m, ! o
' Fu
) +TZF;«1=FN1-FW1 =.mlay1=0 - !
and — ‘
ian:Fn_Fr':mxan:O! Fra
where F,, = u, F,... These equations yield F.=F, = -
e Fyy = g, F,,,. Similarly, for m, - Fr F
-'1—-—:_. —!1 .
+T2Fy1=FN2—FN1_FW2=mzayZ=O Fa F*
wa -
[
and

jZFn:F"'Fn"F;:—FT=mza::=0!

where F,, = p, F\,,. The equation for F, ylelds F,, = F,, + F,, = F,,, + F,,,, which we
substifute into the one for F,, together with F,, = F. = p F|,,, to solve for F:

F=F +F, + Fro= i Fy i Fop + By = 1 Foy + 2, (Fy + Fy,) +u Fyy
=, 3F, + Fs)
= (0.40)(3 x 5.0N + 10N)
= 10N.

4.113
Let the tension in the upper rope be F., and that in the lower one be F.. . The lower mass
(L) is subject to two forces: Fi, upward; and F,,, = m, g, downward. Here m, = 10kg.

Inasmuchesa, =0 +f2F, =F, —F,, =ma, =0,s0
F, =F, =m.g=(10kg)(9.81 m/s?) = 98N.
Similarly, for the upi:er mass (U} +1) Fy = Fpy — Fop — Fyy =myay =0, 50

Foy = Fyy + Fo =myg+ Fyy = (10kg)(9.81m/s?) + 98N = 2.0 x 10> N = 0.20kN.

3

4.114 _' |
(a) The tension at any given location of the rope has to support the weight of the portion ;f
the rope which is below that particular location. At three-quarters (3/4) of the way l;!p the
rope the weight to be supported is F,, = (3/4)(20m)(2.0 N/m) = 30N, so the tension there is
F,.=30N. '

(b) At 1.0m from the top there are still 20m —1.0m = 19 m of the rope whose weight has to
c 3 @ the tension there is F. = (19m)(2.0N/m) = 38N.



I

116 - .
The net force exerted on the tooth by the tension of the wire brace is

F = 2F. c0s80.0° = 2(10.0N)(cos 80.0°) = 3.47N,

pointing inward along the perpendicular direction. Here the factor of 2 is due to the.fa,ct. there
are two tensions, as shown in Fig. P116, one pointing to the left and t}fe other to the right of the
tooth. Note that the net force in the direction parallel to the wire is zero because of symmetry.

4.120

(&) If the force applied by the hand be F', then the tension throughout the entire massless rope
is F.. = F. Consider the balance of forces for the lower pulley. It is subject to two upward

tensions of F. each and a downwerd force of 300N. So 4+ F, = 2F, — 300N = 0, which
yields F = F_ = 150N.

(b) Since the rope is massless the tension in any segment of the rope is always the same, at
F. =150N. '

(c) Each of the three segments of the rope exerts a downward force of F;. = 150N on the
upper hook through the upper pulley. Thus the upward supporting force Fy, on the hook has
to balance these three tensions: F, = 3F, = 3{150N) = 450N. -

4.126

Denote the angle the rope makes with the horizontal as 8 on both sides of the 100-N mass. Then
tanf = 10cm/(2.0m/2) = 0.10, s0 § = 5.71°. Let the tension in the rope be F.. Consider
the midpoint of the horizontal rope, where the hook is located. Again, by symmetry we see
that the net horizontal force exerted on it is zero. In the vertical direction, this point is subject
to a downward force of |, = 100N, while it is being pulled up by the rope on both sides, with

a total upward force of 2F, sinf; Thus for the midpoint +73 F, = 2F,, sinf — F,,, which
yields

_F, 100N
T 2sind  2(sin5.71°)
This is the reading of the scale.

=50x 102N = 0.50kN.

4.127

Follow the analysis of the previous problem. For the point on the wire just below the feet of
the tightrope walker

+TZF, = 2F_ sinf - F,,
where I is the tension in the wire, F, = 533.8 N is her weight, and § = 5.0°. Hence

_F, . 5338N
T 2sin6 2(sin5.0°)

=31x103N=3.1kN.



equation reads +1 3 F, = Fy sin8— F,, = 0, where F,, = 2.00kN. Solve for F}. and F, from
the two equations abave to obtain

_ F, _ 2.00kN
T sind sin 45.0°

= 1.41 kN,

2.00kN)(cos45.0°)
sin 45.0° = 2.00kN.

Fy (
F,=F.cos8= (-sm-) cosd =

4.134

A fly has only a negligible mass compared with any of the three masses in question. For the
tiny fly to upset the balance the system must already be on the verge of moving even before it
lands on the 80.0-kg mass. This means that the difference in the tensions exerted by the ropes
on the 75.0-kg mass in the middle, AF; = (80.0kg— 10.0kg)g = —(70.0kg)g, is balanced by
the maximum static friction F, (max) exerted on the mass:

Ff(max) =,(75.0kg)g = AF, = (70.0kg)g,

which yields

_ (70.0kg)g
b= s hg)e = 0933



