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Chapter 4 MOTION UNDER SOME COMMON FORCES

)

L
This chapter begins by identifying the differences between mass and weight.

Moywt, we will investigate how Newton's Law is used to describe the behavior
a falling object.

Once we understand and can predict the behavior of falling objects, we will
investigate how objects move near the surface of the earth under the
influence of earth’'s gravity. To describe the motion of a body in space, we
often draw a picture of the path of the body. Such a path is called a
trajectory. We will investigate the trajectories of some objects in motion
and how to draw their trajectories. Much emphasis will be placed on
predicting time of flight, range (horizontal distance), vertical distance
traveled, as well as the horizontal, vertical, and resultant velocity of the
object. Learning to do this is mostly a matter of practice, so pay close
attention to the exercises in this guide and to the problems in the chapter.

Having studied uniform circular motion in chapter 3, we will now investigate
another kind of periodic motion. By ‘periodic’ we mean the particle
retraces its path after a specific amount of time. The periodic motion is
called simple harmonic motion. This is a very important concept in physics,
for it is used to help describe both very complicated wave motions and
vibrating objects.

Finally we will investigate certain motions from different points of view
(from different reference frames). This will be done in part by viewing the
classic film °‘Frame of Reference" which in the opinion of your instructor is
the most outstanding physics film ever produced.

CHAPTER 4 PERFORMANCE OBJECTIVES
Upon the completion of this chapter, you should:

1. Be able to differentiate between mass and weight.

2. Using F=ma, be able to calculate the effect of gravity on an object in
free fall.

3. Be able to explain that friction is a force that opposes motion.

4. Be able to calculate the frictional effect of air resistance on falling
objects, and sliding objects.

S. Be able to resolve projectile motion into its horizontal and vertical
components.

6. Be able to mathematically analyze projectile motion.

7. Be able to use F = mv2/R and F = m4m2R/T2 in analyzing the movement
of an object in a circle.

8. By extending the concept of circular motion, be able to relate simple
harmonic motion to the projectile of circular motion.

Be able to point out how the coordinate system (frame of reference)
affects how one analyzes the dynamics of various motions.
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1. Read: Section 4-1 Weight page 65 léi;“ e

a. The term weight will be used to represent luugzlpl;;'én‘,gu,(*

b. Weight is expressed in MKS units of JXE:gggL__.

c. The mathematical relationship between weight and mass is af:>n¥/ .

d. Do you see that w = mg is a special case of F = ma ?

e. ‘g’ (near the surface of the earth) is given a value of ;Cé:_ m/sec?.

f. Sometimes the value of ‘g’ = _J A __ ft/sec? will be used.

g. What is the mass (in kg) of a person weighing: 110 1bs? 220 1bs?

h. What is the weight (in N) of a person weighing: 110 1lbs? 220 1bs?

i. Your weight is ______ lbs, your mass is ______ kgs and your weight
is __ . | N.

j. Ask instructor for tape segment of an astronaut dropping a hammer on
the moon. Using a stopwatch, calculate the acceleration of the
falling hammer on the moon. Next, predict the time it would take a
hammer to fall the same distance on the earth. Using a hammer and
stopwatch determine this time. How did your predicted time compare
with the measured time? ,

v £ Wonctte

k. Dn the moon your mass is - kg and your weight is ______ N.

1. Summary: 1 pound = _7.%C _ Newton(s) 1 Newton = 2- 229 pound(s)

2. Problems: page 65: #1 #2 (::::::>
3. Read: Section 4-2 Free Fall page 65
4., Assume that you are standing on a bathroom scale in an elevator which is

at ground level.
reading on the scale under the following conditions.

b.

The

The

"

elevator
elevator

elevator
O AN

The

The

elevator

elevator

elevator

elevator

The reading on the scale is 980 Newtons. Describe the

accelerates (up) at 5 m/sec?. /70 4

moves up at a constant speed. _ 7750 7Y

PM = SO0 ko

2

slows to a stop at the top with an acc. of -3 m/sec”.

Under what conditions would the scale read zero?

What would be your weight when the scale reads zero? 730N
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i. What would be your weight when the scale reads zero? ______~__

Trouble — see your instructor. If you still have doubts, take a bathroom
scale to an elevator and try it, that is..except for conditions discussed

For your reading pleasure — 2 NASA Educational Briefs:

a. CONDITIONS PRODUCING WEIGHTLESSNESS
b. MECHANICS OF SATELLITES AND WEIGHTLESSNESS

Froblems: page 67: L #5
page 83: #24 #25 #26

Ask instructor for discussion about the effect of frictional forces.
Coefficient of friction (u) = F(/F. where F. = mg

Coefficients of Friction Table

Starting Friction S8liding Friction Surfaces
0.74 ‘ 0. 57 Steel on steel
0.94 Q.40 glass on glass
Q.50 Q.30 wood on wood
0.40 Rubber on asphalt, dry
0.20 Rubber on asphalt, wet
0.005 Rubber on ice
0.04 0.04 Teflon on teflon
: ) Racing tires
INVESTIGATION: FRICTION

Your task is to determine what factors affect the force of
friction.

Using cbjects that your instructor provides, measure the length,
width and height. Next determine the weight of the objects. Use =a
spring balance to determine the force required to pull the block at
a steady velocity.

Determine what variable(s) you wish to investigate and find out how

they affect the force of friction.

Solve the following problems.

a. A block weighs 2000 N. If a horizontal force of 100 N is required
to keep it in motion with constant speed on a horizontal surface,
what is the coefficient of friction?

b. Why is it easier to stop on a dry road comparad to a wet road?

c. A box having a mass of &0 kg is dragged across-a horizontal floor by
means of a rope tied on the front of it. The coefficient of sliding
friction between the box and the floor is 0.7300., If the angle
between the rope and the floor is 30 degrees, what force must be
exerted on the rope to move the box at constant speed.

-
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d. An 600-N girl sets on a sled that weights 60-N. A boy pulls at an
angle of 40° above horizontal in order to keep the girl and sled
moving over the level ice at constant velocity. What is the
coefficient of friction if the boy pulls with a force of 70-N?

9. Film: FREE FALL & PROJECTILE MOTION (27 min) (Film notes provided.)
10. Read 4-4 1Idealized Projectile Motion page 69

Note...The equation y = —gx2/2vn2 has value as indicated in the text.
However we will not use it to solve problems. Instead we will
use the kinetic and dynamic equations that we are familiar
with. Ask instructor for an explanation.

11. Problems: page 72: #9 #10 #11 #12 i‘f;;m1 =

12. A shell is fired horizontally from a powerful gun located 144 meters o ,
above a horizontal plane with a muzzle speed of 800 m/sec. . a=8%{
& =br et 1= %% A= M b1
a. How long does the shell remain in the air? — — - =
(‘{:—‘392»—1‘/" o

b. What is the range (horizontal distance) of the shell? <s=v5 ¢ = B
>l = Y330y

c. What is the magnitude of the vertical compnnent of its velocity as

it strikes the target? 2y *- 277 + 2.0 — =
Y = )f/f’t‘
d. With what velocity does it strike the ground? L,A,Z,etlzt’,,A;;,,,,r—nu
Vo= 5?:/,i§f»¥{f¢(; 2 D/ *

e. Summarize your procedure. Share with your instructor.

13. A batted softball leaves the bat at an angle of 30 degrees above the
horizontal with an initial velocity of 55 m/sec. Calculate:

a. the horizontal velocity of the batted ball.

b. the vertical velocity of the batted ball.

c. the height that the ball will rise.

d. the time the ball was in the air.

e. how far the ball traveled before hitting the ground.
f. How does this problem differ from the previous one?

14. A batter hits a ball to the 3rd base man who throws to the 2nd base man.
The batter is 1/2 second from first base when the throw leaves the hand
of the 2nd base man on its way to ist base. In traveling the 90 feet,
the ball will rise and fall 1 foot.

a. Based on the information given, is the batter safe or out?

b. Assuming that your instructor made the throw, you as his agent
(getting 10%) would ask what salary from the Indians?
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16. Film: PERIODIC MOTION (33 min) (Film notes provided.)

17. Read: Section 4-5 The Force Exerted by a Spring: S.H.M. p-72

18. Complete work sheet titled FREE-FALL AND S.H.M. Then have evaluated.
19. Obtain a spring, support, hooked masses, marker, and a meter stick.

a. Determine the spring constant “k’ for a spring
supplied by your instructor. To do so, set up
the apparatus as shown and measure the
displacement ( x) for various masses no
greater than 1500 grams. Since it is known
that F = kx, graphically determine *k’. I¥f you
think there is a short-cut, try it and compare
the two results.

b. Using the spring constant and the information
given in the film "Periodic Motion", calculate
a predicted value of the period of a 500—-gram
mass vibrating up and down on your spring.

c. Now place a S500—gram mass on your spring and
determine its period. How did the actual value
compare with your predicted value?

d. Provide you instructor with data, graph(s) and
conclusion.

20. Problems: page 75: #13 #14 #15
page 83: #32

21. Read: Section 4-6 The Simple Pendulum page 735
225 Dptional...;.Using a pendulum, determine g’ in this room.

2Z. Problems: page 77: #17

24. Optional...A uniform meter stick, 100 cm in length is pivoted at one end
and allowed to swing free.

a. Predict the period of its swing.
b. Check your predictions.

c. What would be the period if the meter stick was pivoted
at the: 20 cm mark? 80 cm mark? 70 cm mark?

d. Check your predictions.
25. Film: FRAMES OF REFERENCE (28 min) (Film notes provided.)
5. Problems: page 83: #33 #34 #35

27. Read: Section 4-7 Experimental Frames of Reference page 77
Section 4-8 Real and Fictitious Forces page 78
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27. Read: Section 4-7 Experimental Frames of Reference
Section 4-8 Real and Fictitious Forces pa

«8. Problems: page 80: #18 #19 M

29. Read: Section 4-9 Newton’'s Laws &% the Rotation of the Earth page 80
Section 4-10 Newton's Laws & a ‘Coasting’ Spacecraft page B2

p

30. Problems: page 81: #22 #23

31. Why is the weight of a 1 kg mass (weight = 2.83 N) at the north pole
different from the weight of a 1 kg mass (weight = 9.78 N) at the
equator?

32. A Written Exercise is enclosed and awaits your completion.

Thought for the chapter:

28.3495 grams of prevention is worth 0.453 kilograms of cure.

Buestions from THE FLYING CIRCUS OF PHYSICAL PHENOMENA by Jearl Walker - CSU

If you are riding a bike around a right-hand turn, you’ll be leaning right
when in the turn? Why? Also, how did you initiate the turn? What did you
do at first to make the bike go into a right hand turn?

lWhy do hurricanes turn counterclockwise in the northern hemisphere and
.ockwise in the southern hemisphere? Does the same reasoning apply to the
water running out of the bathtub or sink?

How does a boomerang work? For example, must it have that bent banana-like
shape? Can you make a left—handed on
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23.

26.

28.

30.

-

ANSWERS Chapter 4

ta) the pull (force of the earth on an_object) (b) Newton N

(c) w = mg (e) 9.8 N/kg or 9.8 m/sec? (§) 32 ft/sec?

{g) using 1-kg = 2.2 lbs, S50 kg, 100 kg

(th) 490 N, 980 N (j) same as in ‘'i’, weight is 1/6 weight on earth
(1) 4.46, 0.224

(1) S5.00 kg
(2)¢a) 1.1 x 102 N, 6.9 x 102 N (b) 70 kg, 70 kg

(a) 1480 N (b) 980 N (c) 680 N (d) 980 N (e) S8BO N (f) 980 N
(g) 11B0 N (h) cable cut — elevator undergoing free fall (i) 980 N

(4) 7.3 m/sec?

(S) (a) 3.2 m/s (b) 10.9 m {c) =7.5 m/= (d) 8.6 m (e) —-9.8 m/s2

(24) S.A.B.

(ZS) £ = hive O. Af”'
(26) (a) 1/2 mg (down) (b) 1/2 g (down) 7.

(a) 0.05 (b) coefficient friction says .... =y 203 7 N é /:)

(?) examine displacement components
(10) S.A.B.

(11) vyes

(12) 3.1 m/sec

(a) S5.42 s (Y4336 m (c) -53.13 m/s (d) B801.8B m/s at an angle of
horizontal 3.8° down

{(a) 47.6 m/s (b)Y -27.5 m/s (c) 3B.&6 m (d) 5.6 s (e) 267m

{a) You are the umpire.
{b) No idea! Then — calculate the speed in mi/hr. Does that help?

(13) F = —-kx for some positive constant 'k’
{14) points where circle intersects the y-axis
{195) 0.2 kg
(32) (a) 20 N (b) 0.016 m o,
WO WLt adbde TTCRLT
(17) (@) T =vZ Tg;q (b) no effect (c) like-projectile-motien

(33)(a) 0.63 m/s (b) 0.74 m/s at 57° relative to ? (c)(d) S.A.B.

(34) S5.A.B.

(35) (a) 0.63 m/s perpendicular to A'C’ and towards left (b) SAB
(c) 0.17 N

(18) (a) goes straight up and down (b) like projectile motion
(19) (20) (21) S.A.B.

(22) S.A.B.
(23) no

Ruestions from THE FLYING CIRCUS OF PHYSICAL PHENOMENA by Jearl Walker-CSU

If you must stop your car as quickly as possible, should you lock your
brakes? Actually I°'ve heard the answer to this question for years, but I
have never done the calculations. Can you?



Free Fall and Sumple Harmonic Motion

Compare two important and relatively simple motions by constructing
displacement~-time, velocity-time, and acceleration-time  graphs

to| represent them.

[It will help you to reason out the simple harmonic motion graphs it
if you think in terms of a pendulum: remember to be consistent in
the meaning you choose to assign to + and =]

-

a freely falling body - tossed | simple harmonic motion
straight up and caught again

What is simple about simple harmonic motion?



FORCES ON A BALL IN FLIGHT

Figure 1, page 41 is a multi-flash photograph of projectile motion. It was made

by throwing a small ball into the air at an angle of 27° with the horizontal. The
time interval between successive exposures was 1/30 second and the ball moved from
left to right in the picture. The ball's trajectory looks like those described in

Section 12-) of the texte.

Examine the photograph. Is the horizontal velocity of the ball constant? What can
you conclude about the resultant force on the ball if the horizontal velocity is

constant? Is not constant?
Our task is to analyze the photograph in detail by finding the changes in velocity

caused by the resultant force. In so doing we shall learn more about the forces
acting on the ball than we can from a casual examination of the photograph.

[Recall that -b: = m; = m E:r/ At. Under what conditions can T 5\7 be true?]

Analyze the velocity changes which occur during successive O.1 second time
intervals (three intervals on the photograph) in the following way: Obtain a

copy of the photograph from your instructor. First draw straight lines connecting
every third point. These lines represent the displacement of the ball during each
0.1 sec and are therefore a measure of the average velocities during these equal

time intervals.

Next you are to find the velocity changes between each of these intervals by
subtracting each velocity vector from the following velocity vector using the tech—
nique shown in Fig. 2a. Note that V7 is redrawn as a dashed line so that its tail
is connected to the next vector such that subtraction can take place.

Is the direction of the velocity change the same in each interval? Are the
magnitudes of the velocity changes the same? What do you conclude about the
direction of the resultant force on the ball?

What change in velocity of the ball in each O.1 sec_was caused by the force of
gravity? In what direction did it act? To find AV, we need to know the acceler—
ation of gravity a, and the time interval over which“the change is to be calculated.

Next,. express this velocity change AVe in meters per tenth of a second. The
velocity change due to gravity must also be reduced to the scale of the photograph.

(The Scale: 1 to 10) Once the change in velocity due to gravity is determined
and then reduced to_proper scale, it needs to be subtracted from each of the total

velocity changes AV on your diagrame. See Fig. 2b.

Do the residual velocity changes 5;; all have the same magnitude? In what
direction are they? Describe, gualitatively, the properties of the force that
caused thems What do you think was responsible for the force?

What can you conclude about the mass of the projectile?

Plot on your diagram the path the ball in Fig. 1 would have followed if gravity
had been the only force acting on it.

how do you explain the paths followed by the projectile in Fig. 3 and 47

R
A4 - -
i /Av =% -
= .
//’o o 4_1 Av,
- o v2 /
vi | /A-b
—Av, / AvY

(@) Figure 2 (b)
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10 Millimeters to the Centimeter



Free Fall and Sumple Harmonic Motion

Compare two important and relatively simple motions by constructing
displacement-time, velocity—~time, and acceleration-time  graphs

to represent them.

[It will help you to reason out the simple harmonic motion graphs it
if you think in terms of a pendulum: remember to be consistent in

the meaning you choose to assign to + and =-J.

a freely falling body - tossed simple harmonic motion
___ straight up and caught again

+ ?
* %
a © t d O t
+ & E
v 0 2 — 1 v O iQ t
g +
a 0 t a 0 t
-

What is simple about simple harmonic motion?
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1. An upward acceleration of 8.0 m/sec™2 is happening to an elevator.
With what force will the elevator floor push upward on a 160-N man?

2. A ball is thrown from the top of a building 175 meters high with an
initial velocity of 20 m/sec in a horizontal direction. Calculate
a. the time it takes for the ball to reach the earth, and
b. the velocity with which the ball strikes the earth.

aa

b.

3. A football is kicked from the 40 yard line with an initial speed of 64
ft/sec at a projected angle of 45 degrees. A receiver standing on the
goal line 60D yards away in the direction of the kick starts running to
meet the ball at the instant the ball is kicked.

a. What must be the speed of the receiver if he is to catch the ball
just as it is about to hit the ground?
b. Would you be capable of doing it?

4. Calculate the length of a pendulum that has a period of 4 seconds.



b
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A 3 kg object is swung at 2 revolutions per second at the end of a
string which is 3.5 meters long. Calculate:

a. its linear speed

b. its tangential acceleration

c. its centripetal force

d. the force on the object opposite to the centripetal force.

a.

b.

C.

d.

A 7 kg ball is whirled in a vertical circle at the end of a 1.5 meter
string at a speed of 35 m/sec. Find:

a. the maximum and

b. the minimum tension on the string.

Aa

b.

An object with a mass of 22 kg stretches a spring 0.55 meters. The
same object is then hung on the spring and oscillates up and down.
Calcul ate:

a. the force constant of the spring, and

b. the period of the oscillating mass.

aa

b.

A box that weighs 100 N is being steadily dragged along the floor by a
rope that make an angle of 30 degrees above the horizontal. If the

‘tension in the rope is 40 N:

a. what is the force of friction?
b. what is the coefficient of friction?

=8

b.




1.

2e

.

l!.o
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An upward acceleration of 8.0 m/sec2 is happening to an elevator. With what fo:
will the elevator floor push upward on a 160-Nt man?
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A ball is thrown from the top of a building 175 meters high with an initial
velocity of 20 m/sec in the horizontal direction. Calculate (a) the time it takes
for the ball to reach the earth, and (b) the velocity with which the ball strikes
the earth.
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A° footbaJl is klched off from the 40 yd. line with an 1n1tlal speed of 64 ft/bec at
a projection angle of 45°. A receiver standing on the goal line 60 yds. away in the
direction of the kick starts running to meet the ball at the instant the ball is
kicked.
a. What must be the spced of the receiver if he is to catch the ball before it

hits the ground?
be Would you be capable of doing it?

Ao /{3{?4&‘

bDe w,m-u{w

Calculate the length of a pendulum that has a period of 4 seconds.

« o8 X W

207 - % P . ($aae)™ x P8
o7 R T 9@72

T = e 0
\C\) = .27
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9. A 3 kg object is swung at 2 revolutions per second at the end of a
string which is 3.5 meters long. Calculate: ;
y a. its linear speed
b. its tangential acceleration
c. its centripetal force
d. the force on the object opposite to the centripetal force.

~t = 2 E
a. 44 (oo . Y= i b a=07% ¢. Fruie
/ R=3.5« .
N 7z :
b. sus YWesn el A > =3 €« SS3M
e (=4 =ofte - @4g) el i
o l(osci ,\l ?S‘M [GSIK?A/
VT Qe
d. o T = 58344,
2 -3¢ X 7S H
oS Sec
43.92 “Ys

6. A 7 kg ball is whirled in a vertical circle at the end of a 1.3 meter
string at a speed of 35 m/sec. Find:
a. the maximum and
b. the minimum tension on the string.

z 59 ¢ i ™ =7<q F= Q= 7q x 98H | exew
" R = (-5 il
b. S648 N LA 527 5907
b (AL 4
Fe=wmo* 5 35 x3 mZ = 4
e o S E mLee

M7 |- 5947 w4

7. An object with 2 mass of 22 kg stretches a spring 0.55 meters. The
sam2 object |i1s then hung on the spring and oscillates up and down.
Calculate:

a. the force constant of the spring, and
b. the period of the oscillating mass.

a 392 %2 M= E _ wmg _ axgef€d |
—————————————— X X O-°C
b. /949 sec = &
R [72//=;u7/r522;::;
wm = 22 K7 < 392 Ky
v = O.-<CH
8. A box that weighs 1C R= steadily dragged along the floor

repe that make an angle o » dearees above the horizontal. I+ the
tension in the
a. what is the for

b. what is the coe ient of friction? Z;;ﬁﬁ/ﬂ
T 20% . .
R ,____S_L{Lfa_bf_‘ ______ F;v; = G 300 »
IO - ~ I Fg= “40neso 30° = 346w
- F W= rcon F 36 N Fr = Yowsaw 30° = 2o
=352 B T
& =3 £ J00 =208
J=fo d N .
' 3.
’._—/

éo N
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1. A ball thrown horizontally from the roof of a building with an
“initial velocity of L0 rt/sec strikes the level street at a ¢
of 120 ft flrom the building. %hat is the height of the building,

gly= ?

2, What 1s the velocity of the ball in the problem atove, just before
t strikes |[the ground?

-U}:N'%f-

An airplane, flying horizontally at 3600 ft above the ground and at
120 mi/hr, drops a bomb on a target on the ground, How long will it
take for the bomb to hit the target?

i, 5

i+ A rifle is aimed horizontally at the bull's-eye of a target 500 m

away, and the initial horizontal velocity of the bullet 1s 1000 m/sec.

How far below the bull's-eye will the bullet strike?

(i

5. 4 stone is thrown horizontally with a speed of 60 ft/sec from the
top of a vertical eliff 32L ft., high., How far from t o)
the cliff will the stone land?

¥

6. L mortar fires shells with a muzzle velocity of 195 m/sec, 1I°
the elevation of the mortar is 30°, find the range of the shell
(how far it travels down rance from where is was fired,)

08 o A A ! x sl A4y bl 7 = e £ 4 - a4 SRS VR ¥
. Hind the heficnt ol The dHell gt the peak of its traziectory in

the problem| above, i
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LAB S-

I. PURPOSE:
variables
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II. PROCEDURE: A|) Determine the elastic spring constant
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PERICD OF A VIRPRATING SPRING
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‘To obse~ve Simple Harmonic Motion (S¥M), to isolate the

afflectine the SAM of a spring, and to compare the observed

a spring in SHY with the calculated period,
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the springs (reminder: k=AF/Al in nt/m) and record below,
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D) Turn to the hack 6f the page and comrlete the tatle,

IIT. DATA: Spring #1
Part A Tlastlic springe constant, k
Trial Load Time Vibrations
ke Sec count
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Part B Flastie spring constant, k =
Trial Load Time Vibrations
ke sec count
= 3

LB

for
of 800

ed

S
the nun

nt/m



