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L eceon L
DYNAMICS

Definitions

1. Balanced Forces:  sum of all forces = O.
Therefore, there is either:
NO MOTION or UNIFORM MOTION.

When forces are BALANCED there is NO ACCELERATION.
(a = 0)

2. " Unbalanced Forces: sum of forces #O
| Therefore, there is an UNBALANCED FORCE AND an
ACCELERATION.

2F =ma
This means there is an external unbalanced force and if there is an
unbalanced “F” there is always an “a (and vice versa)

3. Inertia: the tendency of an object to keep doing what it is
doing
i.e. moving — stay moving (eg. It is hard to stop a moving car)
resting— stay resting (eg. It is hard to move a parked bus)

4, Mass: the amount of matter in an object, which does NOT
change with changing gravitational pull.

Mass is measured in kg and is a way of measuring inertia-
(T mass, T inertia)
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5. Weight: measured in Newtons (1IN = 1 kg m/ s%)

Weight is measure of the gravitational pull on an object
which changes with changing gravitational pull or a,.

Weight is the SAME thing as force of gravity or F,

W = F,= ma e a,=-9.80 m/ s” at earth’s surface
) Vool
weight force of mass acceleration due to gravity
(N) gravity (kg (m/ 5%)
(N)

6. Normal Force: when an object is placed on a surface, the object
pushes down on surface, the object pushes down on the surface
with its weight (F,) and the surface pushes back with a force (Fy
or NORMAL FORCE). )

The Fy is ALWAYS perpendicular to the surface and is used to
calculate the force of friction: Fp=p Fy

7. Free Body Diagrams (FBD) show all the forces acting on one

object -
a. stationary object b. moving object
A Fy , _
ERNEN ;
D
& | Fo

8. Newton’s 3 Laws: 1st Law — INERTIA
2nd Law —ZF =ma ‘
3rd Law — for every action there is an equal
and opposite reaction
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Phusics | = Dyromice,  Leston 1
HooKE’s LAW — ELASTIC FORCE Fz - Kace disglacement
 foree T sen L™
i
(Y g%f%mnt (’N’\)
1. The elastic force acting on a 1.40 kg object on a spring |s 2.3 N. If the distortion of the object is 0.085 m, what is
the spring constant?

(27 Nim)

2. A 2.05 kg mass 6n a spring is 0.200 m from its equilibrium position horizontally. If the spring constant is 16.0
N/m, what is the elastic force acting on the mass?

(-320N)

3. The restoring force acting on a 0.75 kg object on a spring is 3 5 N. If the spring constant is 14 N/m, what is the
distortion of the object horizontally?

(+0.25 m)

4: A mass of 7.5 kg will stretch a vertical spring 4.57 cm. What is the spring constant?

(1.6 X 103 Nim)



. 5. A0.043 kg object vibrates at the end of a vertical spring (k = 6.5 N/m). If the maximum displacement of the
object is 0.065 m, what is the maximum acceleration? '

(+9.8 m/s?)

6. A 47 g object vibrates at the end of a spring (k = 11.7 Nlm) horizontally. If the maximuq 'displacement of the
object is 11 cm, what is the maximum acceleration?

(-28 m/s?)

7. A weight of 7.6 N is hung on a spring that has a spring constant of 16 N/m. How far will the spring stretch?

(0.48 m{down])
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Newton’s First Law:

Newton's first law of motion is often referred to as the law of inertia.

L When the forces are balanced

Objects at Rest
(v=0mls)

a=0mls?

Stay at Rest

Objects in Motion
(v# 0m/s)

a=0m/s?
Stay in Motion

(same speed and
direction

When positive and negative forces are acting on an object, there are two possible outcomes - the forces are either

BALANCED or UNBALANCED.

BALANCED FORCES - When the forces are balanced, the objéct’s velocity will not change.

FoGON e F=6.0N

If the object is at rest -

Acceleration -

Velocity - inarease /decrease/ constart-
/ (ro ey arryf“')

-

Fq=8.5N Fo= 8:5N

If the object is at rest -
Acceleration -
Velocity -

UNBALANCED FORCES — When the forces are unbalanced, the object’s velocity will change.
ocssuroe  each block g ghO Koy

> ——

Fi1=9.0N F2=3.0N

Iethe object is at rest -

Acceleration -
Velocity -
=F= v,

o= X =
i

v

-

F1=4.5N  F2=65N

lithe object is at rest -
Acceleration -
Velocity -

=
2= ma

o=



Practice - Determine whether or not the forces are balanced and state what will happen to the velocity of
the object and in which direction. teateul o (e r the acceleration - ‘ y o

O&2ume, each olick |
i 6N 7N
—_— 4+
=F= i —
= oL
- _F
Q.2 ==
3. 34N o REN, 4
5 26N 26N

\‘leg

12N

7N
—_—

9 . 12N
‘___
gFz
o= ©
=
10N
4,
6. 24.5N

25.6N

Draw a diagram similar to the ones above. Determine whether the forces are balanced or unbalanced and

describe what will happen to the velocity and acceleration of the object and in what direction:

7. A box is pushed on the right with 12N
And pulled on the left with 7N

9. During a tug of war the team oﬁ the right
pulls with 425N and the team on the left
pulls with 510N.

8. A cable pulls up on a crate with 250N,

while gravity pulls down on the crate with 120N

10. A parachute produces an upward force of 75N
and gravity produces a downward force of 82N.



Newton'’s Second Law

A
I FN=3N
Fr=5N" | A-SF=
. N
l Fo= 5N
Fg=3N
B
TFN:3N |
) B.ZF:
F[=5N :
4.._—.-—

Free Body Diagram Practice - Determine the net force acting on each object and indicate the direction of
acceleration

A B A-2F=
Fu = 20N

Fyr = 40N
B-3F=

l Fg=20N lFE=25N
! C.ZF:

c. D

I Fv=ial TFN=10N
- Fr= 15N _
Fr=2N_| f | D-SF=

F,= 8N

F=5N ng=10N



Free body diagrams for four situations are shown below. In each case, the net force.is known. Howéver,
the magnitudes of some of the individual forces are not known. Analyze each situation individually to
determine the magnitude of the unknown forces.

T B _ T c T 300N F

50N 80N D 20 N G
- — > — —_—

Fa=
Fg =

l l l E :

200N 200N _
SF = ON SF = 900N [up) SF = 60N [left] SF = 30N [right]
FC P FD =_ FF =
FE = Fg =
Fu =

Construct free-body diagrams for the situations described below. Remember the arrows should indicate
the magnitude of the force.

Ts
2.

A book is at rest on a table top. Diagram the forces acting on the book.

A girl is suspended motionless from a bar which hangs from the ceiling by two ropes. Diagram the forces
acting on the girl.

An egg is free-falling from a nest in a tree. Neglect air resistance. Diagram the forces acting on the egg as

it falls.

A rightward force is applied to the book in order to move it across a desk with a rightward acceleration.
Consider frictional forces. Neglect air resistance. Diagram the forces acting on the book.

A rightward force is applied to the book in order to move it across a desk at a constant velocity. Consider
frictional forces. Neglect air resistance. Diagram the forces acting on the book.

A skydiver is descending with a constant velocity. Consider air resistance. Diagram the forces acting on
the skydiver, |

A soccer ball is moving upwards towards its peak after having been kicked by the goalie. Neglect air
resistance. Diagram the forces acting on the football as it rises up towards its peak.

A car is coasting to the right and slowing down. Diagram the forces acting on the car.



GRAVITATIONAL FIELD STRENGTH Lesson 2

Since our problemé often deal with the Earth or the moon, it is important to know their masses and radi.

Earth’s Mass - 5.98 x 102 kg (formula sheet) Moon’s Mass - 7.35 x 1022 kg (formula sheet)

Earth’s Radius — 6.38 x 106 m (formula sheet) Moon’s Radius - 1.74 x 108 m (formula sheet)

Example Problems

1. Calculate the gravitational force between two objects when they are 7.50 x 10'm apart. Each object has a mass
of 50.0kg.

2. Calculate the gravitational force on a 600kg spacecraft that is 1.6 x 10‘m above the surface of the Earth:

3. Three objects each with a mass of 20.0 kg are placed in a straight line 2.00 x 10! m apart as shown in the diagram. What
" is the net gravitational force on the center object due to the other two objects?

20.0 kg 20.0 kg 20.0 kg

O 2.00x 10" m O 2.00 x 10" m O
<+ > 4+

[Oa



to gravity at that location compare to the sur-
face of Earth?

10. If Earth were twice as massive but remained
the same size, what would happen to the
value of g.

11. Jupiter has about 300 times the mass of Earth
and about 10 times earth’s radius. Estimate
the size of g on the surface of Jupiter.

12. If the mass in Earth's gravitational field is dou-
bled, what will happen to the force exerted by
the field upon it?

13. Yesterday, Sally had a mass of 50.0 kg. This
morning she stepped on a scale and found
that she gained weight.

a. What happened, if anything, to Sally s
mass?

b. What happened, if anything, to the ratio of
Sally’s weight to her mass?

. PROBLEMS

8.1 Motion in the Heavens and on Earth

Use G = 6.670 x 10~ " Nm%kg>.

1. Jupiter is 5.2 times farther than Earth is from
the sun. Find Jupiter's orbital period in earth
‘years.
P> 2. Uranus requires 84 years to circle the sun.
Find Uranus’ orbital radius as a multiple of
AT Earth's orbital radius.
|, P 3. Venus has a period of revolution of 225 earth
days. Find the distance between the sun and
Venus, as a multiple of Earth’s orbital radius.
4. If a small planet were located 8.0 times as far
from the sun as Earth, how many years would
it take the planet to orbit the sun?
it P 5. A satellite is placed in an orbit with a radius
il that is half the radius of the moon’s orbit. Find
I its period in units of the period of the moon.
An apparatus like the one Cavendish used to
A find G has a large lead ball that is 5:9-kg in
N) mass and a small one that is 0.047 kg. Their
i centres are separated by 0.055 m. Find the
force of attraction between them.

gravitational force the sun exerts on Jupiter.
om has a mass of 70.0 kg and Sally -has a
mass of 50.0 kg. Tom and Sally are standing
20.0 m apart on the dance floor. Saily looks
up and she sees him. She feels an attraction.
If the attraction is gravitation, find its size.

M Universal Gravitation

. wo bowling balls each have a mass of Q‘m

7,)Use the data in Table 8—1 to compute the .

' * Assume both can be replaced by spherical

Prysics H quﬁ‘\\tﬁ'} Lescon b@hbnueﬂ)

masses.

]

i

wo balls have their centres 2.0 m apart. One @ =l \

has a mass of 8.0 kg. The other has a mass
of 6.0 kg. What is the gravitational force
between them? =

6.8 kg. They are located next to one another

with their centres 21.8 cm apart. What gravi-

tational force do they exert on each other?
.Sally has a mass of 50.0 kg and Earth has a{&) 'Mm

mass of 5.98 x 1024 kg. The radius of Earth

is 6.371 x 108 m

a. What is the force of gravitational attraction

between Sally and Earth?

b. What is Sally’s weight?

12. The gravitational force between two electrons
1,00 m apart is 5.42 x 10~7' N. Find the
mass of an electron.

| 2 Two spherical balls are placed so their cen- Cn,:

~

tres are 2.6 m apart. The force between the
two balls is 2,75 x 10~ 12 N. What is the mass
‘of each ball if one ball is twice the mass of

he other ball?
.Jsing the fact that a 1.0-kg mass weighs (GuON"g'-

9.8 N.on the surface of Earth and the radius
of Earth is roughly 6.4 x 108 m

a. calculate the mass of Earth
besaloulate-the-averagedensity-of-Earth,
The moon is 3.9 x 105 km from Earth’s cen-
tre and 1.5 x 10° km from the sun’s centre.
If the masses of the moon, Earth, and sun are
7.3 x 10?2 kg, 6.0 x 10%* kg, and 2.0 x
10% kg, respectively, find the ratio of the -
gravitational forces exerted by Earth and the
sun on the moon. _

A force of 40.0 N is required to pull a-10.0-kg
wooden block at a constant velocity across a
smooth glass surface on Earth. What force
would be required to pull the' same wooden
block across the same glass surface on the
planet Jupiter?

17. Use the information for Earth from Table 81"
to calculate the mass of the sun using New-
ton’s variations of Kepler's third law.

Mimas, a moon of Saturn, has an orbital ra-
dius of 1.87 x 10° m and an orbital period of
- about 23 h. Use Newton’s version of Kepler's
third law and these data to find the mass of
Saturn:

Use Newton's version. of Kepler's third law to
find the mass of Earth. The moon is 3.9 X
10° m away from Earth and the moon has a

P15,

> 16.

> 18.

> 19.

BY i )

Di?):" |
ngﬁf;}%

j
a@

b

4

Vb



. Lezgon & (c,onﬂnuef:f
.I )& The period of an object oscillating on a

pring is
T=2mw %,

where m is the mass of the object and K'is the spring
constant which indicates the force necessary to pro-
duce a unit elongation of the spring. The period of a
simple pendulum is '

T=2m -L -

a. What mass will produce a 1.0-s period of oscil-
lation if it is attached to a spring with a spring
constant of 4,0 N/m? e

b. What length pendulum will produce a period of |
1.0 s? 3

¢. How would the harmonic oscillator and the pen-
dulum have to be modified in order to produce
1.0-s periods on the surface .of the moon where
gis 1.6 m/s®? :

| Chai)terB @‘9 é'qq_) :

1. Comet Halley returns every 76 years. Find the aver-
age distance of the comet from the sun.

2. Area is measured in m?, so the rate at which area is .

swept out by a planet or satellite is measured in

m/s.

" a. How fast is area swept out by Earth in its orbit
about the sun? See table 8—1. :

b. How fast is area swept out by the moon in its orbit
about: Earth? Use 3.9 x 10% m as the average
distance between the Earth and the moon, and
27.3 days as the moon's period.

B 3. You wish to launch a satellite that will remain above

the same spot on Earth's surface. This means the
satellite inust have a-period of exactly one day. Cal-
culate the radius of the circular orbit this satellite must
have. Hint: The moon also circles Earth.and both the
moén and the satellite will obey Kepler’s third law.
The moon is 3.8 X 108 m from Earth and its period is
27.33 days. ‘ '

The mass of an electron is 9.1 x 107" kg. The mass )

of a proton is 1.7 x 10~?7 kg. They are about 1.0 X
10~1° m apart in a hydrogen atom. What gravitational
force exists between the proton and the electron of a

hydrogen atom? Q D }\ﬂ)"HN.)

Two 1.00-kg masses have their centres 1.00 m apart.
What is the force of attraction between them?

“'; .

(e.mo“ "N)

&

wo satellites of equal mass are put into orbit 30 m
apart. The gravitational force between them is 2.0 x
1077 N.-

(&) What is the mass of each satellite?
b’ What is the initial acceleration given to each sat-
ellite by the gravitational force?

7) Two large spheres are suspended close to each

P 10,

11.

12,

13.

14.

15.

16.

other. Their centres are 4.0 m apart. One sphere
weighs 9.8 x 10? N. The other sphere has a weight
of 1.96 x 102'N. What is the gravitational force

between them? {#&., 20 D 9 M )

. If the centres of Earth and the moon are 3.9 x 10° m
apart, the gravitational force between them is about”

1.9 % 1020 N, What is the approximate mass of the
moon?

. a. What is the gravitational force between two

spherical 8.00-kg masses that are 5.0 m apart?
b. What is the gravitational force between them
when they are 5.0 X 10" m apart?

A satellite is placed in a circular orbit with a radius
of 1.0 X 107 m a period of 9.9 x 10 5. Calculate

the mass of Earth. Hint: Gravity supplies the needed °

centripetal force for such a satellite. Scientists have
actually measured the mass of Earth this way.

If you weigh 637 N on Earth’s surface, how much
would you weigh on’ the planet Mars? (Mars has
a mass of 6.37 X 10% kg and a radius of 3.43 X
10% m.)

Using Newton's variation of Kepler’s third law and
information from Table 8—1, calculate the period of
Earth’s moon if the radius of orbit was twice the ac-
tual value of 3.9 x 10° m.

Use the data from Table 8—1 to find the speed and

period of a satellite that would orbit Mars 175 km
above its surface.

What would be the value of g, acceleration of grav-
ity, if Earth’s mass was double its actual value, but
its radius remained the same? If the radius was dou-
bled, biit the mass remained the same? If both the
mass and radius were doubled?

What would be the strength of Earth’s gravitational
field at a point where an 80.0-kg astronaut would
experience a 25% reduction in weight? :

On the surface of the moon, a 91.0-kg physics
teacher weighs only 145.6 N. What is the value of
the moon's gravitational field at its surface?

! .

(1brky)
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Physics 11 - Newton's Third Law

1. While standing on a horizontal frictionless surface, two students push against each other. One student has a mass
of 35 kg and the other 45 kg. If acceleration of the 35 kg student is 0.75 m/s?, what is the acceleration of the other

student?

2. While traveling 50 m/s, the rocket boosters are fired. The 1200 kg rocket pushes against the gas with an average
force of 1500N back for 0.220 s. Calculate the velocity of the rocket at 0.115 s.

foree an
. rocket

3. TRUE or FALSE: As you sit in your seat in the physics classroom, the Earth pulls down upon your body with a
gravitational force; the reaction force is the chair pushing upwards on your body with an equal magnitude.

If False, correct the answer,

4, Shirley sits in her seat in her English classroom. The Earth pulls down on Shirley's hddy with a gravitational force
of 600N, Describe the reaction force of the force of gravity acting upon Shirley.

5. Use Newton's third law (law of action-reaction) and Newton's second law (law of acceleration: a = Fre/m) to
complete the following statements by filling in the blanks. '

a. A bullet is loaded in a rifle and the trigger is pulled. The force experienced by the bullet is

(less than, equal fo, greater than) the force experienced by the rifle. The resulting acceleration of the bullet
is (less than, equal to, greater than) the resullmg acceleration of the rifle.
b. A bug crashes into a high speed bus. The force experienced by the bug is (less than,

equal to, greater than) the force experienced by the bus. The resulting acceleration of the bug is
(less than, equal to, greater than) the resulting acceleration of the bus.

G. A massive linebacker collides with a smaller halfback at midfield. The force experienced by the linebacker is
(less than, equal to, greater than) the force experienced by the halfback. The resulting
acceleration of the linebacker is : (less than, equal to, greater than) the resulting
acceleration of the halfback.

d. A 10-ball collides with the 14-ball on the billiards table (assuming equal mass balls). The force experienced
by the 10-ball is (less than, equal to, greater than) the force experiénced by the 14-ball.
The resulting acceleration of the 10-ball is (less than, equal to, greater than) the resulting
acceleration of the 14-ball. -
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Concept - Development
Practice Page 6' 1

Newton’s Third Law

1. In the example below, the action-reaction pair is shown by the arrows (vectors), and the action-reaction described
in words. In (a) through (d) draw the other arrow (vector) and state the reaction to the given action. Then make up

your own example in (h).

Example:
'“—‘__.—T{{‘\\' (A
=5
=
Fist hits wall. Head bumps ball
Wall hits fist. () _ (b)
f{. - 3 \ Sy
v Y '
‘ 9
Bat hits ball. Hand touches nose Hand pulls on flower.
(d) (e)
Athlete pushes bar Compressed air pushes
upward. balloon surface outward
(f) (9)

2. Draw arrows to show the chain reaction of at least 6 pairs of action-reaction forces below.

YOU CAN'T TOUCH
D WITHOUT BEING TCUCHED--
NEWTOW'S THIRD LAW <

e

13



Lesson W

Newton’s Third Law

3. Nellie Newton holds an apple weighing 1 Newton at rest on the palm of her hand.

The force vectors shown are the forces that act on the apple.

a.

To say the weight (Fg) of the apple is 1 N is to say that a
downward gravitational force is exerted on the apple by
(the earth)  (her hand)

Nellie'’s hand supports the apple with normal force Fy
which acts in a direction opposite to Fg. We can say Fy
(equals Fg) (has the same magnitude as Fg)

Since the apple is at rest, the net force on the apple is (zero) (nonzero)

Since Fy is equal and opposite to Fq we (can) (cannot) say than Fy and Fg
comprise an action-reaction pair. The reason is because action and reaction
always (act on the same object) (act on different objects), and here we see Fq
and Fy (both acting on the apple) (act on different objects).

In accord with the rule, “If ACTION is A acting on B, then REACTION is B
acting on A," if we say action is the earth pulling down on the apple, reaction is
(the apple pulling up on the earth) (Fn - Nellie’s hand pushing up on the apple).

To repeat for emphasis, we see that Fy and Fy are equal and opposite to each
other (and comprise an action-reaction pair) (but do not comprise an
action-reaction pair).

Tor idontify o pair of aclicn-reaciion forces in eny situalicn, ficst ic‘.eni‘:t’_\?
ihe paic of interactirg cbjects imcived, Scmzlhing is interocting with

sermnthing else. In Ihis case the whole earth is infecocting (gravitalionrolly)
viith 1he apple, So the corth pulls dovmword on the opple (call i) aclion),
while the opple pulls upward cn the eaclh (reacticn).

Sirrply pul, eocth pulls on cople (oct nm}
cppte pulls en earth (reastion). /

Baller pard, epple end earlh pull on eoc, “on cozh oihe oihar
wilh equal end opposile forces Thal comprise o
single inlevoclica

Another pair of forces is Fy (shown) and the downward force of the apple
against Nellie's hand (not shown). This pair (is) (isn't) an action-reaction pair.

Suppose Nellie now pushes upward on the apple with a force of 2 N. The apple
(is still in equilibrium) (accelerates up), and compared to Fg, the magnitude of
Fyis (the same ) (twice) (not the same or twice)

i. Once the apple leaves Nellie's hand, F is (zero) (the same as before) and the net force on the
apple is (zero) (only Fg) ( Fg-Fn, which is a negative force).

I



I.l mtvis the force of attraction (gravitational) between a HB,KS .

girl and a 70 kg boy standing 1.0 m apart? (2.8 % lfl N)

2. Whatls the force of attraction between two 2000 (kg;ars:{;di :y;

i 4.3 X g "
side, 2.5 m apart? R ! S}C.f _ //
: 2. What is the force of gravity actingon a 1.00 kg mass 20 000 km. (ﬂ y

; ’ from the centre of the Earth? (1.00 N)
@ - 2 , N
; Practice ] /: ]e aelt
l"':\‘;‘hat is the force of gravity on a 4.5 kgblock of concrete? (44 N) OR CFSL E V) 81( -
2. What is the mass of an object that is pulled down by a f?r;:eko:' J

17 kg

ravity of 167 N at the Earth's surface? ; . e
gravity 250 kg spacecraft on the moon is Leﬁs(on _

3. The force of gravity on a < .
408 N. What is the gravitational field strength there?(1.63 N/kg)

Practice : o s
- --1. The force of gravity on the average.person is about 700 N at the
Earth ‘s surface. Calculate the force of gravity on a person at 10
times that distance from the centre of the Earth. (7.0 N)
2. Ifthe Earth’sradius is 6400 km, calculate the force.of gravity on
a 100 000 kg space station situated
(a) on the Earth’s surface. (9.8 X 10° N)
(b) 128 000 km from the centre of the Earth. (2.5 X 10° N)
(c) 384 000 km from the centre of the Earth {about the distance
to the moon). (2.7 10* N)
(d) 1.5 X 10® km from the Earth’s centre (about the distance to
the sun). (1.8 X 1072 N)
3. The force of gravity on a meteorite approaching the Earth is
50 000 N at a certain point. Calculate the force of gravity on the
meteorite when it reaches a point one-quarter of this distance
from the centre of the Earth. (8.0 X 10°N)
4. The gravitational field strength is also governed by an inverse
square law. What is the gravitational field strength 200 km
above the Earth ‘s surface, at the altitude of mjany manned space

flights? , “ % (9.2 N/kg)
1. If a 8.0 kg mass is hung on the end of a spring, it is stretchied €.78 meters as a result. ( } 07 /V/ M)
g’ " «What is the fogee constant of the spring (in N/m)? .
g 2 g e %
2. A spring of force constant 45 N/m is used to pull a block along a level surface at ( ‘e A/ !
constant speed. The spring is observed to stretch 12.0 cm while supplying this force. H
How much force is applied? :
o ! :
2. How much does a 55 kg girl compress the spring in a pogo stick when she stands on it? / é' . q 6.09
You are given that the spring constant is 78 N/em.
. How much force must be applied to a spring (k = 1400 N/m) in order to extend it by o
0.10 m? i ( 140 M)
7. A car of mass 1200 kg is drive.. onto a weigh scale supported by coil springs. How far {ﬂ o, M)
will the scale move if the spring.constant for the scale is k = 5.5 x 10’ N/m ?
= then stretches 22 cm from its original ( 50 M/M)

&..A 55 N weight is hung on a spring which
position. What is the spring constant? _

7.7A steel spring has a spring constant (force constant) of 32 N/m. How much force (in ( 2.56 N)
Neéwtons) would it take to stretch it by 8.0 cm.? :

.8‘. A 35 N force is used to stretch a rubber band which has a force constant (spring ( 7.9 )
constant) of 450 N/m. What is the expansion of the spring in centimeters? e

4. A certain slring is loaded by hanging an unknown mass oa it. What is the value of this (3 674 )

: unknown mass (in kg) if it causes the spring to stretch 24 cm and the spring cpnstant

{force constant) is 150 N/m?

70, A spring of force constant 35 N/m is used to pull 2 cart up an incline plane. 1fthe . N
—spring stretches 17 cm while exerting this force, how.much force is being applicd? ( s - ?S'
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Physics 11 - Frictional Force

Example Problems:

1.ATS kg object s resting on a horizontal surface. What is the normal force acting on the object?

2. A 7.6 kg object is pulled along a horizontal surface. If the coefficient of friction between the surfaces is 0.20, what is the
force of friction? ' ' :

3.What is the Frthat you must over come to start moving, when 5.00kg sheet of glass is pulled at a constant speed over an
identical glass surface?

4. What is the coefficient of kinetic friction (ux) for 25.0kg object being pulled with a 4.50N force at a constant velocity?

5. A 5.3 kg object is pulled along a horizontal surface with a force of 15.0 N. If the acceleration of the object is 1.6 m/s?,
what is the coefficient of friction between the surfaces? :

-~

1e



Eriction Problems

1,

Leccond

" Draw a complete force diagram for each question and show all work.

A 70 kg hockey player is skating on steel skates. What is the force of friction between the ice and the skate blade? *

' (the p of steel on ice is 0.010) [-6. 9N]

The driver of a 1500 kg car puts on the brakes on a concrete road. Calculate the force of friction between the road

and the tires on: [-1.420%104N] [-4410 N] ' '
=, 0B N

a) adry road (u = 0.70)

b) a wetroad (p =0.30)

A tractor ploughing a field at a constant veloclti is pullmg with a force of 880 N on a 100 kg plough. What is the
coefficient of frlctlon’? [0.900] '

A horizontal force of 300 N is needed to push a crate along the floor at constant speed. What is the friction force on
the crate? [-300N]

A box weighing (Fg) 800 N is to be pushed across the floor by a horizontal force. If the coefficient of static friction is
0.80 and that of kinetic friction is 0.60, -

How large a force is required to start the box 'moving (overcome the static friction)? [Fa = >640N]

To keep the box moving at a constant velocity? [Fs= >480N]

The coefficient of friction between a 6.0 kg box and the floor is 0.30. How large a horizontal applied force is needed

to give the box an acceleration of 4.0 m/s2? [42 N]

The coefficient of friction between a 4.0 kg box and the floor is 0.60. How large a horizontal applied force is
necessary to give the box an acceleration of 2.0 m/s?? [32 N]



B Y

Friction

=ig

. If the pulling force P is 150 N and the crat

7. If the force of sliding frictivi:
velocity?

when the pulling force is 250 N?

conceptual 3] yS

b. Evidence for this is

2. Aslight pull P is exe
g friction f now acts,

3, pull P is increased until th
Fi moves with constant velocity across the floor.

b. The net forc
e [1&&]_(right).

oncept-Development
Practice Page

= 1. A crate filled with delicious junk food rests on a horizontal floor. Only
N * gravity and the support force of
T? & vectors for weight W and normal force n.

the floor act on it, as shown by the

a. The net force on the crate is (zero) (greater than zero).

4. Pull P is further increased and is now greater than friction f.

e doesn't move, what is the magnitude of f2

300 N?

e crate begins to move. Itis pulled so that it

rted on the crate, not enough to move it. A force of

L a. whichis (less than) (equalto) (greater than) P.
b. Net force on the crateis (zero) (greater than zero).

N P ‘
& a. Friction fis (less than) (equal to) (greater than) P.

\5-" _ S b. Constant velbcit%means acceration is (zero) (greater than zero).

c. Net force on the crate is (less than) (equal to) (greater than) zero.

qual to) (greater than) zero.

e acts toward the right, so acceleration acts toward the

i <
= 3 P E‘/c—? a. Net force on the crate is (less than) (e

6. If the pulling force P is 200 N and the crate doesn’t move, what is the magnitudeof?

- ic 250 N, what force is necessary to keep the crate sliding at constant

8. If the mass of the crate is 50 kg and sliding friction is 250 N, wilat is the acceleration of the crate "~

500N? .




| - Leggon 6
Force Due to Gravity (Weight) -

The force of gravity is the force with which the earth, moon, or other massively large object atfracts another object
towards itself, By definition, this is the weight of the object. All objects upon earth experience a force of gravity
that is directed "downward" towards the center of the earth. The force of gravity on earth is always equal to the

weight of the object as found by the equation: Fg = mg e iy

Questions (include force diagram):

1. What is the weight of a 12.0 kg object near the surface of the Earth?

2. What is the acceleration due to gravity near the surface of the Moon if an object that has a mass of 34.0 kg has
a weight of 47.0 N near the Moon'’s surface?

Terminal Velocity

1. What would the force of friction (due to air resistance) be on a 67Kg sky diver who had reached terminal
velocity?

2. If a skydiver who has reached terminal velocity experiences a Ff (due to air resistance) of 796N, what is the
skydivers mass?



Lessonfo

Falling and Air Resistance

Bronco skydives and parachutes from a sta-
tionary helicopter. Various stages of fall are
shown in positions a through f. Using
Newton's 2nd law,

m

find Bronco's acceleration at each position
(answer in the blanks to the right). You need to
# know that Bronco’s mass m is 100 kg so his

5 weight is a constant 1000 N. Air resistance R

varies with speed and cross-sectional area as :
shown. R=1000 N
Circle the correct answers. c

1. When Bronco’s speed is least, his
acceleration is

= MP Pe
a: -E’-f-ﬁr: g——- m s F}_;EE-PEWN [

(least) (most).

2. Inwhich position(s) does Bronco
experience a downward acceleration?

(a) (b) (c) (d) (e) (O

. 3. ‘I-}:ﬁ which position(s) does Bronco
experience an upward acceleration?

(@) (b) (c) (d) (e) (B

. When Bronco experiences an upward
acceleration, his velocity is

(still downward) (upward also).

. In which position(s) is Bronco's
velocity constant?

() (b) (c) (d) (e) (D

. Inwhich position(s) does Bronco
experience terminal velocity?

(a) (b) (c) (d) (e) (D

In which position(s) is terminal velocity
greatest?

(@) (b) (c) (d) (e) (D

8. If Bronco were heavier, his terminal
velacity would be

(greater) (less) (the same).

Tonceptual DHYSICS

i
% Prave-o§ poe o' sofu T aw o Metion—Force and Acceleration rddienn Wagley oo SRS Cong 20w Do AL w3ace. e




Concept-Developmernt
Practice Page m

1. Skelly the skater, total mass 25 kg, is propelled by rocket power.
TABLE I | FORCE | ACCELERATION

a. Complete Table [
(neglect resistance) {00 N
200N

it Ulé'l—:j , IQ m/st

TABLE Il | FORCE | ACCELERATION
50 N Om/s2 |

{00 N
200N

D | Forceand Acceleration

b. Complete Table I fora
constant 50-N resistance.

2. BlockAona horizontal friction-free table is accelerated by a force from
a string attached to Block B. B falls vertically and drags A horizontally.

Both blocks have the same mass 1. (Neglect the string's mass.) &

(Circle the currect answers) . A "
' i K%
e

(A+Blis (m) (2 m).

- a. The mass of the system

]

is the weight of (A) (B) (A +BI. '

b. The force that accelerates (A +6)

c. The weightof Bis (mg{2;} (mg’))(;lmg). '1 B

(g (more than g).

d. Acceleration of A + BJ is (less than g

e. Use a=toshow the acceleration of [A + B) asa fraction of g

A, Yes, becouse the force that accelerates
it would only be octing on its own
- mass — not twice the mass!

T¢ B were oflowed to foll by ilself, not drogging
then wouldn't its occeleration be g7

To better inderstand this,
consider 3 and 4 on the

other side!

g.
¢
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Force and Acceleration continued

3. Suppose A is still a 1-kg block, but B is a low-mass feather (or a coin).

A

the acceleration of [A + B] hereis (less) (more)
andis (close to zero) (closeto g).
b. In this case the accéleration ofBis

(practically that of free fall) (constrained).

4. Suppose A is a feather or coin, and B has a mass of 1 kg.

a. Compared to the acceleration of the system in 2, previous page,

a. The acceleration of {A + B| here is
(close to zero) (close to g).
b. In this case the acceleration of B is

(practically that of free fall) (constlrained).

6. A ball rolls down a uniform-slope ramp.

a. Acceleration is (decreasing) (constant) (increasing),

b. If the ramp were steeper, acceleration would be

(more) (thesame) (less).
c. When the ball reaches the bottom and rolls along the smooth level surface it

(continues to accelerate) (does not accelerate).

(between zero and g) (between zero and infinity) (between gand infinity).

B

te,

5. Summarizing 2, 3, and 4, where the weight of one object causes the acceleration of two objects,
we see the range of possible accelerations is

conceptval RV SICS

Shani==+  Newton's Second Law of Motion—Force and Acceleration

(ot iopervastay Publies

ow you're ready for ihe labs ™ Constont Force ond Crenging Mass ™
ond * Constont Mass and Chonging Force ™! .

w emrany Ing, All rights reserve 4,
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Apparent Weight

1. An 80Kg passenger is travelhng in an 850Kg elevator. The apparent weight of the passenger is 715N, Isthe
elevator accelerating? If so in which direction? -

- 2. While on aride at the amusement park a 25.0Kg boy feels as if he weighs only 196N. What must the
acceleration of the ride be?

3. A 3.0 kg suitcase is sitting on the floor of an elevator.
a) If the elevator is moving upward at a constant speed of 2.2 m/s, find the applied force acting on the suifcase. (29N)
b) If the elevator is accelerating upward at 2.2 m/s?, find applied force on the suitcase.(36N)

¢) If the elevator is accelerating downward at 2.2 m/s?, find the applied force acting on the suitcase. (23N)



Lesson
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Lesson #

Forces Assignment - #1 Name:
*Include a free-body diagram for each question*

1. Whatis the net force required to give a 2.0kg ball an acceleration of 3.0m/s?2?

(+6.0N)

2. A 3.0kg book is acted upon by a net force of 10N. What is the acceleration?

(+3.3 m/s?)

3. During a satellite recovery, the satellite (100kg), is partially supported by a parachute that supplies an
upward force of 500N. What is the Fret on the satellite?

(-480N)
4. What net force is needed to give a mass of 50.0g an acceleration of 40.0 cm/s??

(+0.020N)

5. A force of 6.0N is applied to a mass of 2.0kg. The acceleration is measured to be 2.0m/s2. What is the
value of the frictional force? _

(-2.0N)

6. A child can exert a forward net force of 50.0N. What acceleration can he give to a loaded cart weighing
300N? :

(+1.63 m/s?)
7. A sled of mass 30.0kg coasts over ice with an acceleration of -0.500m/s2. What is the force of friction -

(-15.0N)
8. A 6.0kg mass is moving at a constant velocity of 15m/s. |
a. Whatis the force needed to bring the mass to rest in 9.0 seconds?
(-10N)
b. How far does the masé move while the force’is acting on it?
(68m)
9. Afalling ball has a mass of 2.00kg, and the upward force of air resistance of 11.6N. What s the
acceleration of the ball?
(-4.00m/s?)

o



Laééongf'

Newton’s Second Law of Motion — Sum of Forces

YF=ma
But SF is also equal to the sum of all the forces acting on an ohject.

So > ma = sum of all forces acting on the object’

Examples — You must draw a complete and correct free-body diagram with every problem.

1. A net force of 30.0 N east acts on a 10.0 kg object. What is the acceleration of the object?

2. A 22 kg object accelerates uniformly from rest to a velocity of 2.5 m/s west in 8.7 s. What
is the net force acting on the car during this acceleration?

3. What force would be required to accelerate a 6.5 kg object to the right at 2.0 m/s? with a force of friction of
6.5N? :

4, What is the mass of an object that is accelerating at 3.5 m/s? with an applied force of 32.0 N and a force
of friction of 12.0 N? '

5. What is the tension of a rope that is accelerating a mass of 8.5 kg at 3.20 m/s? [W] with a force of friction
of 5.55 N? ' '

8. What is the force of ffiction acting on a 10.0 kg object that accelerates from an initial velocity of 4.0 m/s to-

a velocity of 12.5 m/s in 7.5 seconds. The applied force acting on the object is 34.0 N.



.Lﬂ‘fﬁon 3

Newton's Second Law Assignment

- Problems: Draw a complete free-body diagram for each and-show all work.

1) A body of mass 3.0 kg is acted upon by a net force of 10N. What acceleration is produced? [3.3m/s?]

1

-2) What net force is needed to give a mass of 50g an acceleration of 40m/s?? [2.0N]

3) A force of 6N is applied to a mass of 2Kg. The acceleration is measured to be 2 m/s2. What is the force of
friction? [-2N] '

4) A child can exert a forward push of 50N. What acceleration can he give to a loaded cart of mass 30.6 Kgona
frictionless surface? [1.6m/s?] i

5) A 6.0Kg mass is moving at a constant velocity of 15m/s.
a) What net force is required to bring the mass to a rest in 9.0 sec? [-10N]

b) How far does the mass move while the force is acting"? [68m]

6) A 2.0Kg mass is pulled across a frictionless table by a forcé of 8.0N. If the mass starts from rest, what is the
velocity 3.0 seconds after the force starts acting? [12m/s]

7) What force would be required to accelerate an 8.4 kg object at 2.7 m/s? with a force of friction of 45N? [27 N]



Lescon R

8) What is the mass of an object that is accelerating at 2.35 m/s? with an applied force of 23.0 N and a force of
friction of 13.6 N7 [4.00 kg]

- 9) What is the tension of a rope that is accelerating a mass of 3.5 kg by 1.20 m/s2 with, a force of friction of 2.45
- N? [6.7N] '

10) What is the force of friction acting on a 5.0 kg object that accelerates from an initial velocity of 20 m/sto a
velocity of 8.45 m/s in 10.5 seconds? The applied force acting on the objectis 24.0N. [-21N]

11) What force would be required to accelerate a 3.5 kg object at 2.0 m/s2 with a force of friction of 13.4 N7 [20N]

12) What is the mass of an object that accelerates from 15.0 m/s to 23.5 m/s over 12.0 seconds with an applied
force of 32.0 N and a force of friction of 12.0 N? [28.2kg]

13) What is the tension of a rope that is accelerating a mass of 6.5 kg by 6.60 m/s? with a force of friction of 23.0
N? [67N]

14) What is the applied force acting on a 2.65 kg object that accelerates from rest to a velocity of 4.5 m/sin 2.5
seconds. The force of friction acting on the object is 4.35 N. [9.1N] '



Z_e cson 9

Physics 11 - Vertical Sum of Forces (include free-body diagram):

1. What force would be required to accelerate an object with a mass of 45 kg upwards with an acceleration of 2.0
m/s?? [+5.3x102N]

2. What is the applied force on an object which accelerates upwards at a rate of 3.4 m/s2? The mass of the object
is 56 kg. [+7.4x102N] _ *

3. What is the acceleration of an object that weighs 304N on Earth and has an upward thrust of 600N? [+9.55m/s2]

4. What is the applied force acting on an object with a mass of 65 kg that accelerates upwards from rest to 24.0
m/sin 12 s? [+7.7x102N] : '

5. A 3.0kg rock falling at terminal velocity would feel how much air resistance? [+29N]

6. A4.8 kg suitcase is sitting on the floor of an elevator.

a) If the elevator is moving upward at a constant speed of 1.6 m/s, find the applied force acting on the suitcase. [+47N]
~ b) If the elevator is accelerating upward at 1.6 m/s, find the applied force acting on the suitcase. [+55N]

¢) If the elevator is accelerating downward at 1.6 m/s?, find the applied force acting on the suitcase. [+39N]



7. What is the acceleration of a rocket that weighs 6600 N on Earth and has an upward thrust of 2.30x104 N?
[+24.4m/s?]

8. What force would be required to accelerate an object with a mass of 25 kg upwards with an acceleration of 3.0
m/s2? [+3.2 x 102N]

9. What is the applied force acting on an object with a mass of 74 kg that accelerates upwards from 12.0t0 26.5 .
m/s in 3.4 s? [+1.0x103N] :

10. What force would be required to accelerate an object that weighs 238 N upwards at 4.5 m/s?? [+3.5 x 102N]

11. What is the final velocity of an object that has a mass of 8.0 kg pushed upward by an apblied force of 85 N?
The object starts at rest and takes 6.0 s to complete its upward motion. [+5.0m/s]

12. What is the initial velocity of an object that weighs 230 N and has an applied force of 350 N upwards. The
object reaches a final velocity of 10.0 m/s over a distance of 6.00 m. [+6.23m/s]

13. What is the acceleration of a rocket that has an upward thrust 6f 760 N and a weight of 79 N? [+84m/s?]
14. What force of air friction would a 62Kg sky diver experience at {erminal velocity? [+6.1x102N]

15. What would the apparent weight be of a 74Kg helicopter pilot be if he was accelerating up at 3.4m/s??
[+9.8x102N] .

16. During a satellite recovery, the satellite, having a mass of 100Kg, is partially supported by a parachute that

supplies an upward force of 500N. What is the net force of the satellite? [-480N]
: _ (

17. An elevator of mass 1000Kg is supported by a cable that can sustain a force of 12,000N. What is the greatest
upward acceleration that can be given without the cable breaking? [+2.200m/s?]

18. What is the net force acting on a 56.0kg person standing in an elevator that is accelerating up at
2.40m/s2?[+134N]



| esson 10

Forces Assignment - #2- ' Name:

*Include a Free-Body Diagram with each answer*

1. How much tension must a rope withstand if it is used to accelerate a 1700.0kg car at 0.50m/s? with a
coefficient of friction of 0.24 between the tires and the pavement?

(+4.8x10°N)

. What force is necessary to accelerate an 80.0kg bicycle (including rider) ata rate of 1.25m/s2 with a
force of friction of 43.0 N?

(+143N)
. Anet force of 26.4N accelerates a book at 10.8m/s?. What is the mass of the book?
(2.44kg)
. A 5000kg helicopter accelerates upwards at 0.50m/s? while a lifting 2000kg car.
a. What is the lift force exerted by the air on the propellers?
| | | (+7.2x 104 N)

b. * What is the tension in the rope connecting the car fo the helicopter?.,

(+2.1 X 10N)

How much net force is needed to accelerate a 6.0g bullet from rest to 500m/s over a distance of 0.70m?

(+1.1 X 10%N)

.- A 0.10g spider is descending on a strand which supports it with a force of 5.6x104 N. What is the
acceleration of the spider? '

_ (-4.2m/s?)
. A 100g baseball is travelling at 30m/s strikes the catcher's mitt, which in bringing the ball fo rest recoils
backwards 10.0cm. What is the net force applied to the ball?

(-4.5% 102N)

. If a 42Kg person were standing on a scale in an elevator that was accelerating up at 2.3m/s2 what would
their apparent weight be according to the scale?

(+5.1x102N)



-

10. What acceleration of an elevator would be required for a 82Kg person to have an apparent weight of
only 790 N? :

(0.17 m/s? down)

11, The Hell-a-Vator at the PNE can drop with an acceleration of 8.2m/s2. What would be the apparent
weight of a 52 Kg person during this decent?

(+84N)

12. Draw a free body diagram for a sky diver in the following situations (include a description of the direction
of velocity and acceleration in each example):
a. Immediately after he jumps from the plane

b.  When he is in free fall at terminal velocity
c. Immediately after he pulls the shoot
d.  When his shoot has slowed him as much as possible

e. What word describes his speed in question d?

13 A 800 kg car is travelling at 18m/s on a horizontal road. The driver of the car locks the wheels
by slamming on the brakes. The coefficient of kinetic friction between the tires and the road is
0.62.
a) Draw a force diagram showing the forces acting on the car.

b) Find the speed of the car after 1.2s
(+11m/s)

¢) Find the stopping distance of the car,
(27m)



14.

A 250 kg crate rests on the horizontal bed of a 1200 kg truck.

m/s, find the applied force acting on the crate.

(+1.4x104N)

If the helicopter and truck are accelerating upward at 2.4 m/s?, find the applied force acting on the

crate.
(+1.8x 104 N)

If the helicopter and truck are accelerating downward at a rate of 1.7 m/s?, find the applied force
acting on the crate.

(+1.2 X 104 N)
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Forces Review

1.

The air exerts a forward force of 10 N on the propeller of a 0.20 kg model airplane. If the plane accelerates forward
along the ground at 2.0 m/s?, what is the magnitude of the resistive force exerted by the air (air friction) on the
plane? (include a diagram)

(9.6 N)

A dockworker loading crates on a ship finds that that a 20.0 kg crate, initially at reston a horizontal surface, requires
a 75 N horizontal force to set it in motion, However, after the crate is in motion, a horizontal force of 60 N is required
to keep it moving with a constant speed.

Find the coefficient of static friction between the crate and the floor (include a diagram).

{

(0.38)

Find the coefficient of kinetic friction between the crate and the floor (include a diagram).

(0.31)

A hockey puck, 0.30 kg, is given an initial speed of 20.0 m/s on a frozen pond. The puck remains on the ice and '
slides 120m before coming to rest. Determine the coefficient of kinetic friction between the puck and the ice.
(include a diagram)

(0.17)
A 64 kg box is resting on a carpet floor. If the coefficient of static friction between the box and the floor is 0.98...

What force is required to put the box in motion (include a diagram)?

(>6.2 x 102 N [forward])

What applied force will be required to get it to a speed of 2.5m/s in 30 s?

(6.2 x 102 N [forward])



What is the weight (in N) on Earth of a 6.0 kg bicycle?

(-59' N)

If the gravitational force between two objects of equal mass is 4.1 x 104 N when the objects are 15.0 m apart, what
is the mass of each object? (include a diagram)

(3.7 x 104 kg)

If two objects, each with a mass of 4.5 x 108 kg, produce a gravitational force between them of
4.1 x 102N, what is the distance between them? (include a diagram)

(0.18 m)

A 26.7 kg object is placed on a horizontal surface. A force of 16.5 N is required to keep the object moving at a
constant speed. What is the coefficient of friction between the two surfaces? (include a diagram)

(0.0631)

A 28 kg box is sliding towards the right across the floor with an acceleration of 2.5 m/s? Calculate and fill in all the
blanks in the force diagram. The coefficient of friction between the two surfaces is 0.40.

(Fn=+2.7 x 10N, Fg=2.7 x 102N, F=-1.1x 102 N,Fo=+1.8 x 102N)



10. What force would be required to accelerate a 6.8 kg mass from rest to a speed of 4.5 m/s, if the time of acceleration
was only 0.5 s and a coefficient of friction of 0.277 (include a diagram)

| (79 N [forward])

1. Calculate the force of gravity between the Earth and an 86 kg sateliite that is 5.72 x 105 m above the Earth's
surface. (include a diagram)

(7.1x 102 N)

12. What would the weight of an 84Kg person be on the surface of the moon (g=1.4)?

(-13x 109N)

13. What would be the force of friction (from air) if a 65.0Kg sky diver was falling with an acceleration of 7.20m/s??

(+169N)

14. What would be the apparent weight of a 67.0Kg person on an amusement ride accelerating up at 3.30m/s??

(+878N)



15. Which person would have a heavier apparent weight a) a 25Kg child accelerating up at 3.2m/s? or b) a 60Kg adult
dropping with an acceleration of 3.1m/s?? By how much?

(Adult; 77 N heavier)

16. A 165 kg crate rests on the horizontal floor of a 1000 kg shipping container,

a) Ifthe container is being moved upward by a cable attached to crane at a constant velocity of 0.70 m/s, find the
applied force acting on the crate.

(+1.14x10* N)

'b) If the container and crate are accelerating upward at 1.6 m/s?, find the applied force acting on the crate.

(+1.3 X 104 N)

¢) Ifthe container and crate are accelerating downward at a rate of 0.95 m/s?, find the applied force acting on the
crate. g

(+1.0x 104 N)
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B oz T+Fq
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'"_'l'al\l T+~ 19 (aN
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"T 1. Freb= 2.

>

®
| ":—droppwﬁ-—m O‘fxﬁ@l 801‘0/5
T =8%.a N __

'b) —> Fret=mo
O T

F‘; }).FN @2}5%0)(':1 o@(ﬁ 20N

- 8%, al\l-l- 25.28N = 55? an B

2. : Mo= '
: _ Fmti m @ Olfﬂ)( bS| QQM/S) T -i—QOHS)(_ 9 gom/

AT
p+F
T = 6aN
o e
= ‘Fapp + —Fp vﬁﬂ,&-ﬁ;«\ %J(
(50k)(a°tt+m/s°\ To+ ~19.6N %-'

IN= T, —19.6N ’L_ o3 ey
{F-@40Y(5
T, = B%IN = 3N r=@ H)&
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Lesson |a

SYSTEMS OF MASSES - 1

Find the acceleration and tension for the following systems of masses.

1 T2 Ty

13 kg
5.0 kg —> 65N

b =0.20

(+1.65 m/s2, T1=+65N, To=+18N)

3.0 8.0
kg kg

(+4.45 m/s2, Ty = +43N, To = +43N)



(£2.67 m/s?, T=+25N, To=+3.6N)

T,

- » 54N

2.0 3.0
ke kg
T>
05
ke
T3 T,
4.0 kg 1.3 kg 2 .0kg
u=0.40

(+3.48 m/s2, Ty=+54N, Tz=+39N, Ts=+30N)

33



. Ty

T

> 62N

3.5 2.0

kg kg

1.0

kg

(£3.77 m/s?, T1=+27N, T2=+6.0N)
T4 T3 Tl
1.2
1.5 kg 2.0kg ke 1.5 kg
p=0.15

(+8.53 mis2, Ty=+62N, Ty=+47N, Ts=+35N, Te=+15N)

33



Lecson |5

SYSTEMS OF MASSES - 2
Find the acceleration and tension for the following systems of masses.
1. T
10 |
kg
u=014
0.4
kg
(+1.82 m/s”, Ty=+3.2N)
8.0 kg
T u=025
5.0
(£2.26 m/s®, T=+38N)
20 kg T4
U =045
10
kg
T2
2.0
kg

(£0.931 m/s?, T1=1.1x10°N, T,=+18N)



Ts . T
1.5 kg 3.5kg
T4
p =014
1.0
kg
(£0.49 m/s?, T1=+9.3N, T,=+9.3N, T3=+2.8N)
Ti 35kg | 12 | 3.2k
Ts
u=0

|1 1.0 0.5
kg kg

(£0.598 m/s?, Ty=+9.2N, To=+7.1N, T3=+5.2N)



T2

T
0.5 kg 2.0 kg
K =023
25
kg
(#3.77m/s?, T1=+15N, T,=+3.0N)
T1 T2 T3
25kg 4.0 kg
u=015

3.0 0.5
kg kg

(+1.49 m/s?, T=+25N, T,=+18N, T3=+5.6N)

W
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Forces Review #2

1. A mass of 1.2Kg will stretch-a vertical spring 0.57m. What is the spring constant?

(21 N/m)

2. A 9.0g object vibrates at the end of a spring (k=15 N/m). If the maximum displacement of the
object is 0.077m, what is the maximum acceleration?

(-1.3x102 m/s?)

Pulley Systems: Calculate the tension and acceleration for each system

T1

- Ts T, :
5.2Kg 3.5Kg 1.7Kg |F———p» 63N

p=0.35

(a=+2.63m/s2, T1=+63N,To=+53N, T3=+32N)

U2



Ty

2.3
kg

25Kg| |6.8Keg
T |
1.2 Kg
(a=£2.89m/s?. T=+47N, Tz=+15N)
Nz
5.4 Kg 2.7Kg T1
u=0.28
4.1Kg
(a=+1.48m/s2, Ty=+34N, To=+23N)
Ti T2 Ts
45kg 2.0 kg
=012
05
kg

(@=+1.08m/s?,
Ti=+20N, T;=+10N,
Ts=+5.4N) -

%2



L esson |4
Momentum

~ Lesson: Defining Linear Momentum and
~ Impulse | |

Momentum (p) = qu'ant'ity of motion
= mass X velocity
p=m+V

Units for p = (kg'm/s) = (N's) = (kgm/s’)

| Impulse (Ap) is a change in momentum
Ap =A(mv)=m (VeVi)

Units for impulse 'Ap = (kg-m/s)

 Using these new ideas we can redefine

Force (Newton’s 2™ law):



AV

FNez:m'a:m"—“
| At
. A(mv) B é{)_ PR (Impulge)

net '
/ Al | At\ - (Impact
| Rate of change | time)

of momentum

On the formula sheet this formula 1s written

FAt = mAvy
NI
(Impulse)

i.e. F... = rate of change of momentum with
time.



Lesson |4
Momentum and Impulse

1. Anet force of 14.0 N acts on a 6.00 kg object for 1.00 x 10-'s. What is the change in veiocit_y of this object?

2.A 4 00 kg object accelerates uniformly from rest to a velocity of 10.0 mis east. What-is the change in momentum
(Impulse) on the object?

3. An average net force caused a 7.0 kg object to accelerate unlformly from rest. If this object travels 34.0 m east
in 4.5's, what is the change in momentum of the object?

PROBLEM 4

A baseball of mass 0.15 kg moving due west at 36 m/s is hit by a bat, and as a result the ball travels due east at
38 m/s. The ball remains in-contact with the bat for 1.4 x 103 s,

NELERE 36 m/s @ X > F \‘{(‘-s.f; 38 m/s
. o M‘%(} = z:{i 7
R N

a) What are the initial and the final momentum?

b) What is the impulse given to the ball by the bat?
¢) What is the net force exerted on the ball by the bat?

d) What is the average acceleration of the ball during contact with the bat?




PROBLEMS '
A 0.35 kg volleyball travels north at 12 m/s. @

a) What is the initial momentum of the volley ball?

b) If the volleyball collides with a brick and mé:ves at 3.8 m/s in the opposite direction, what is the impulse
experienced by the volleyball? ' "

¢) If a net force of 16 N is exerted on the ball for 0.02 s in the original direction (it does not hit the brick this time),
what is the final velocity of the ball?

| d) If a net force of 14 N is now exerted on the ball in the opposite direction (continue from part (c), how long should
the impact last to bring the ball to a stop?

PROBLEM 6
A 0.80 kg ball is dropped from a height of 3.2 m above the floor. Ignore air resistance.

a) Find the momentum of the ball before impact.

b) If the ball rebounds straight upward to a height of 1.8 m, what is E T
the impulse given? 1_
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Law of Conservation of Momentum

e Momentum is conserved in any event in an
1solated system

= J.e. no unbalanced forces act from outside
of the system (e.g. friction)

Collisions:

e Inelastic collisions — objects stick together
e Elastic collisions — objects bounce apart perfectly
Note: perfect elastic collisions only
happen 1n a theoretical system.
e In elastic collisions both momentum and kinetic
energy are conserved

e In inelastic collisions only momentum is conserved

Elastic Caollikions [nelastic ( !Aﬂ]isinns

Before After Before After

Kinetic __| kinetic Eiefs =

energy | energy + _'; = | P A
- Et; = EK‘__ R ' Momentum = momentum
Epﬂ- Ekt = EP¢'+EK+ EP'.- "'EK; = |E P£ "ER_F
Momentum == momentum

__Pi = Pe :
Tutﬁl mdomm’tum ’ }

émg
\? ay4 foﬂserm!' /

-""‘h g gyt L‘C(QQ



Formula Summary: for objects that

a) Stick together (inelostic) b)'- Bounce apart
Pi= Pg Pe=Pg

—_— —_— — — — _— —

) 1 _— ! f

if West ig' ="

Examples: then viz

Inelastic collisions |
A 10,000kg flat bed car west bound at 0.532m/s
collides with a stationary tank car which has a mass of

8000kg. Determine the velocity of the cars after the
crash (assume they stick together)

Y-

D+ D, =Dy OF Pi+D, =Dy

meV,.+m,V, =(mf'+m )v'ﬂ or my, +m,V, =(m1+m2)v'

—

— mfvf+mv (10000kg)(0532m/s west)+0

V'
" m,+m,  (10000kg +8000kg)

2.96x107 'm /s west

.. Elastic collisions

A 300g glider southbound on an air track strikes a
+ 200g glider which is northbound at 0.250m/s. After the
crash the 2™ glider’s velocity is determined to be

Hob



0.20m/s south and the 1* glider’s velocity is 0.100m/s
south. Determine the initial velocity of the 300g glider.

z-2 CT
and N b'+"
P1+P2 p1+p2 E

— .-..—.p- —_—

_ '
m.v, ~+ m, V2 mv, "ok n,v,

North is opposite
to south .. sign -
is opposite

— — —

' '
m,v, +m2V2 —m,V,

V=
m,

_ (300g)(0.100m/s)+ (200g )0 200m /5 )—(o 250/ 5)(a00g)
300g

= 0.400m/ s south

(you can use “+” and “-*“ to represent velocity directions
instead of “word” directions)

Go¢.



Explesions ore @ epecial  type,

of “bounce apart” conger vation of
reoraen Tuny duestions ¢

Pu=Pe , | ‘
O = My, T MV,
P Pe
@ | @w@ @mm%

N=0

H6d
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Dynamics  Comecervation of oo mentu s

Practice Problems:

1. A 30.0 kg object moving to the right at a velocity 3. A 925 kg car moving ata velocity of 18.0 m/s

of 1.00 s collides with a 20.0 kg object moving right collides with a stationary truok of unknown
to the left at a velocity of 5.00 m/s. If the 20.0 kg mass. The two vehicles lock together as a resull
object continues to move left at a velocity of of tle colllsion and move off at a velocity of
1.25 mfs, whal is the velocity of the 30.0 kg 8,50 mis. What was the mass of the truck?

\ object? -

{1.50 mis left) : {1.85 %107 kg)
2. A4.50 x 10° kg railway car is moving east at a 4. AS80.0 g bullet strikes a 7.00 kg slationary
velocily of 5.0 m/s on a level frictionless track wooden block. H the bullet becomes embedded
when it collides with a stationary 8.50 x 10° kg in thé*block, and the block with the embedded
railway car. f the two cars lock together upon bullet moves off at a veloclty of 5.00 m/s, what
collision, how fast are they moving after was the initlal velocity of the bullet?

collision?

(2.0 ms east) ' (706 mis)




A 40,0 ¢ object moving with a velocity of

9.00 m/s 1o the right collides with a 55.0 g object
moving with a velocity of .00 m/s left. If the two
objects stick together upon colfision, what s the

velocity of the combined masses after collision?

(0.318 m/s right)

A 76 kq student, standing at rest on a frictionless
horizontal surface, throws a .20 kg object
horizontally with a velocity of 22 m/s leff. What
was the initial velocity of the student upon
release of the object.

{0,068 mis right)

Dynamics

A 25 kg frojeclile 18 fired horizontally from a
1.1 x 10” kg launcher. If the horizonial velocity
of the projectile is 325 m/s east, whalls the
recail veloclly of the launcher?

(7.4 mls wasl)

A rail vehicle with a rocket engine is being tested
on a smooth horizontal track. Starting from rest,
the engine Is fired for a short period of time
relsasing 4.5 x 10 kg of gases. Itis estimated
that the average velocily of the gases Is

1.4 x 10° m/s right, and thal the maximum
velocity of the vehicle is 45 m/s left. What is the

~ mass of this vehicle?

(1.4 x 104 kg)

wF
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Dynamics

9. A 7.0 kg object at rest explodes Into two parls, If
part A has a mass of 2.0 kg and a veloolty of
10.0 mis right, what is the veloclty of part B?

(4.0 m/s lef)

10. A 1.0 x 10° N truck moving at a veloeity of
15 m/s north collides head on with a
1.0 x 10" N car moving at a velocity of 25 m/s
south. If they stick fogether upon impact, what
is the velocity of the combined masses?

(11 mis north
11 mis 80%)

11, A 226 g ball moves with a velocity of 30.0 em/s
to the right. This ball colfides with a 125 g ball
moving in the same direction at a velocity of
10.0 cm/s. After the collision the velocity of the
125 g ball is 24.0 cm/s to the righl. What is the
veloclty of the 225 g ball after the collislon?

(22.2 cifs right)

12. A 10.0 g object Is moving with & velocity of
20.0 cnv/s to the right when it collides with a
stationary 30.0 g object. After collision the
10.0 g object is moving left at a velocity of

~ 6.00 cm/s. What is the velocity of the 30.0 g
object after the collision?

{8.87 cimis right}



Corces

(b 10{3)_'

car had constant acceleration, what would be
. its acceleration and final velocity?

» 3. The dragster ¢rossed the finish line going
126.6 mis (283.1 mph). Is the assumption of
constant acceleration good? What other
piece of evidence could you use o see if the
acceleration Is constant? '

4. In Chapter 4, you found that when a karate
strike hits wooden-blocks, the hand under-
goas an acceleration of ~ 6500 m/s*, Medical
data indicates the mass of the forearm and
hand to be about 0.7 kg. What is the force
exerted on the hand by the blocks? What is
its direction?

5, After a day of testing race cars, you decide 10
take your own 1550-kg car onto the test track.
While moving down the track at 10 m/s, you
suddenly acceleraie to 80 m/s in 10 s. What
is the average net force that you have applied
to the car during the 10-s interval?

B 6. A race car has a mass of 710 kg. It starls
from rest and travels 40 m in 3.0 s. The car
is uniformly accelerated during the entire
time. What net force is applied to it?

P 7. A toree of —9000 N Is used to stop & 1500-
kg car traveling at 20 m/s. What braking dis-
tance is needed to bring the car to a hait?

» 8. A 65-kg swimmer jumps off a 10-m tower.

a, Find the swimmer's velocity when hitting
the water,

b. The swimmer comes to a stop 2 m below
the surface. Find the net force exerted by
the water. .

9, When you drop a 0.40-kg apple, Earth exerts
a force on it that accelerates it at 8.8 m/s® to-
ward Earth's surface. According to Newton's
third law, the apple must exert an equal and
opposite force on Earth. if the mass of Earth
is 598 x 10** kg, what's the magnitude of
Earth's acceleration? '

10. A 80-kg boy and a 40-kg girl use an elastic
rope while engaged In a tug-of-war on an icy
frictionless surface. If the acceleration of the
girl toward the boy is 3.0 m/s?, determine the
magnitude of the acceleration of the boy to-
ward the girl,

5.2 Using Newton’s Laws

11. A 95.0-kg (209 1b) boxer has his first maich in

the Canal Zone (g = 9.782 m/s”) and his sec-
ond match at the North Pole (g = 9.832 m/s®).
a. What is his mass in the Canal Zone?

06 Forces

Extra Proctice

b. What Is his weight in thie Canal Zone?

¢. What is his mass at the North Pole?

d. What Is his weight at the North Pole?

e. Does he "weigh-in” or does he really
“mass"jn”?

12, Your new motorcycle weighs 2450 N. What is
its masas in Kilograms?

13. You place a 7.50-kg television set on a spring
scale, If the scale reads 78.4 N, what Is the
aceeleration of gravity at that location?

14. In Chapter 4, you calculated the braking ac-
caleration for a car based on data in a driver's
handbook. The acceleration was —12.2 m/s?,
If the car has a mass of 925 kg, find the fric-
tional force and state the direction,.

If you use a horizontal force of 30.0 N to slide

_\a 12.0-kg wooden crale across a floor at a

@'eﬁﬁ)constant velocity, what Is the coeffitient of
sliding friction between crate and floor?

P16, You are driving a 2500.0-kg car at a constant
speed of 14.0 m/s along an icy, but stralght
and level road. While approaching a traffic
light, it turns red. You slam on the brakes,
Your wheels lock, the tires begin skidding,
and the car slides to a halt in a distance of
25.0 m. What is the coefficient of sliding fric-
tion (w) between your tires and the icy
roadbed?

17. A person fishing hooks a 2.0-kg fish on a line
that can only sustain a maximum of 38 N of
force before breaking. At one polnt while reel-
ing in the bass, it fights back with & force of
40 N. What is the minimum acceleration with
which you must play out the line during this
time in order to keep the line from bteaking?

@A 4500-kg helicopter accelerates upward at
2 m/s?. What lift force is exerted by the air on
the propellers? (5. 2yt M)

(19) The maximum force a grocery sack can with-
stand and not tip is 250 N. If 20 kg of grocer-
les are lifted from the floor 1o the table with an
aceeleration of 5 m/s?, will the sack hold?

student stands on a bathroom scale in an
elevator at rest on the &4th floor of a building.
The scale reads 836 N.
a. As the elavator moves up, the scale read-

ing increases to 935 N, then decreases ) 0i3Mm

back to 836 N. Find the acceleration of the
elevator,

b. As the elevator approaches the 74th floor,
the scale reading drops as low as 782 N.

What is the aceeleration of the elevator?

(no)

Ci)\-a%&

44
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X plain which change in velocity, starting or
stopplng, would take the longer time.
d. Explain the changes in the scale you would
- axpect on the ride back down.
2.1 x 10~ *kg spider is suspended from a
“==“thin strand of spider web. The greatest ten-
@.aﬁw“%sbn the strand can withstand without break-
" ““ing is 2.0 x 107 N, What is the maximurm
acceleration with which the spider can safely
climb up the strand?
slad of mass 50 kg is pulled along snow-

) -4 covered, flat ground. The static friction coeffi-
DN Gient is 0.30, and the sliding friction coefficient
B i Is .10,

a. What does the sled weigh?
b. What force will be needed to start the sled
" moving?
¢. What force is needed to keep the sled
moving at a constant velocity?
d. Once moving, what total force must be ap-
plied to the sled to accelerate it
3.0 m/s??
23. A force of 40 N accelerates a 5.0-kg block at
6.0 m/s? along a horizontal surface.
a. How large is the frictional force?
* __b. What is the coefficient of friction?
; A 200-kg crate is pushed horizontally with a
e / 5 force of 700 N. If the coefficient of friction is
0.20, calculate the acceleration of the crate.
@S&fﬁly englneers estimate that an elevator

can hold 20 persons of 75-kg average mass. '

o The slevator itself has a mass of 500 kg. Ten-
5.0m)s" sile strength tests show that the cable sup-
porting the elevator can tolerate a maximum
force of 2.86 x 10* N. What is the greatest
acceleration that the elevator’s motor can pro-
duce without breaking the cable?
B 26. The instruments attached to a weather bal-
loon have a mass of 5.0 kg.
a. The balloon |s released and exerts an up-
ward force of 98 N on the instruments.
What is the acceleration of the balloon and
instruments?
b. After the balloon has accelerated for 10
seconds, the instruments aré released.
What is the velocily of the instruments at
the moment of their release?
¢. What net force acts on the instruments af-
ter their release?
d. When does the direction of their velocity
first bacome downward?

= ¢. Using your results from parts a and b, ex-

\ 2.0-kg mass (m,) and a 3.0-kg mass (my)
are attached fo a lightwelght cord that passes
over a frictionless pulley, Figure 518, The
hanging masses are free to'maove, Assume
aup  the positive direction of motion to be when the
Baom smaller object moves upward and the larger
3 mass moves downwardh )
a. Draw the sHuation, showing all forces.
b. In ‘what direction does the smaller mass
move? :

¢, What is its acceleration? .
b~ You change the masses in Figure 5—18 to
1.00 kg and 4.00 kg,
a. What can you expect the acceleration of
the 4.00-kg mass to be?
b. What is the tension forge acting on the
cord?

FIGURE 5-18. Use with Problems 27, 28, and 23,

@ You. then decide fo replace the 1.00-kg object
from Problem 28 with a 2.00-kg object.

lay3.23m a. What is the acceleration of the 2.00-kg ob-
& ject?

b. What is the new tension force acting on the
cord?
DERN]

THINKING PHYSIC-LY

1. Suppose you are In a spaceship.in.freefall be-
tween Earth and the moon. How-could you dis-
tinguish between a lead brick and an ordinary
brick If you were blindfokled and wore gloves?

2. Cheetahs are bigger and faster than small ga-
zelles, but more oftan than not gazelles escape

a pursuing chestah by zigzagging. Exactly why
does this put the cheetah at a disadvantage?

Chapter 5 Review 107
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[esson 2 o
Newton's First Law:

Newton's first law of motion is often referred to as the law of inertia.

When the forces are balanced

Objects at Rest Objects in Motion
(v=0m/s) (v # Om/s)
a=0m/s? a=0m/s?
Stay at Rest ' Stay in Motion
(same speed and
direction

When positive and negative forces are acting on an object, there are two possible outcomes — the forces are either
BALANCED or UNBALANCED. ' '

BALANCED FORCES ~ When the forces are balanced, the objéct’s velocity will not change.

-

F=60N T F,=6.0N Fy=85N F, = 8.5N
6.0-6.0 = ON ; S-¢S=0oN "
If the object is at rest - Stay at rest If the object is at rest - Stay at rest
Acceleration - 0 m/t Acceleration - O/t
Velocity - ~ ., constant Velocity - v g CONSEANT

UNBALANCED FORCES — When the forces are unbalanced, the object’s velocity will change.
QESUIME. IV YL 58 Arg. ok 11

» = >
F1=9.0N F,=3.0N F1=4.5N F2=6.5N
TqoN ¥3.0N = boN bsN +460 = AON
M. o o
If the object is at rest- ___move et If the object is at rest - ___/#ove i Lj ot
_Acceleration - __az~ 5,0 n‘y’.ﬁ: < Acceleration - __ £tk D voy 9
Velocity - v ‘;;é’o /s \ﬁg“ om/s
SE=ma. q, L
oz @O — -3 @ _YAON — 4,0y
:-;LO\‘% -, l;y = 3
—~ =0 39 3



Practice — Determine whether or not the forces are balanced and state what will happen to the velocity of

the object and in which direction. €aleul ¢, - the acceleration .
QEBUMNe @0l rrues 2“ 1”‘)‘.'_\-

2 12N 12N
Lo en <IN — o
sy 2 U bﬁia“fﬁd : ' bolmceo&
=FaVvoN = 3N i\] i(: -ﬁ"]cg\Nfa IAN = ON
=" (—\)"_j = (Y~ 2
Z = roa _ s o v DMs
: = TAN o | /-2 L___Ik 4 o) ,.\r__l;'.-.
O A (=)
Fn i \2‘..‘;-_\
— ; 10N 7N
3. 34N 46N 4
wabodsa cocl o wnbadance o
S 2 TN = YA | = F="I0ON r *N= YN
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Draw a diaqram similar to the ones above Determlne whether the forces are balanced or unbalanced and
describe what will happen to the velocity and acceleration of the object and in what direction:

7. Abox is pushed on the right with 12N 8. A cable pulls up on a crate with 250N,
And pulled on the left with 7N while gravity pulls down on the crate with 120N
—Tﬁ{# 7'3}?5{?) I oo ed &
unbolonced b ,. el
o g faod ‘
b .a’ ’QT) ii“f, - \)1'
\ s gﬁw’ ‘
\)(JJ:)M _ wun)?j veloc Ty « if““"v 5
9. During a tug of warthe team on the nght 10. A parachute produces an upward force of 75N =
pulls with 425N and the team on the left and gravity produces a downward force of 82N.
pulls with 510N. : s\
i LBl gk £
A0 3 0. down
2 ﬁbdl £ | ‘E;’w I
O to !GH AVAS ty )] a {bq Clha noe s,

A A '1l A s
vevoly i Y < Oy gea,



Newton’s Second Law

A

T FN:3N gl—: "‘SN"‘S[\J :OM
Fr=5N % 50
f_q— . L A.EF=I

I Fo= 5N ff}: N-3N =opN

F, = 3N

B

e $F, = SN oN =N | — 5N (or Yefd

T F‘?‘# B-YF= S ('0;' evi |
Fe=5N

£ -
SE a0 = ol

.

Free Body Diagram Practice — Determine the net force acting on each object and indicate the direction of
acceleration

A-SF = 20N+ 20N = oM

A

B
T Fn= 20N
Fair = 40N

B-F=. 4ON¥26V ="ISN (up)

l Fg=20N ng=25N

C-SF= %N-‘:‘Q\I\J :fi-ﬂGN ‘Eng”)

C D
T fm BN TFN=1{JN
Fi= Zi\i__ F;= 15N D. ZE(:‘ - IS«M (}&;,11 ..(}.-
F‘a':BN | ' (z(:)’: %IONui__“l’DN)

Fg= 5N ng=1ON



Free body diagrams for four situations are shown below. In each case, the net force is known. However,
the magnitudes of some of the individual forces are not known. Analyze each situation individually to
determine the magnitude of the unknown forces.

TB, TC 'T?’OON- TF

A
50N 80N D 20 N G
G b | o — — —
| [ Ve '
200N 200N
SF = ON SF = 900N [up] SF = 60N [left] ) 5 SF = 30N [right] -
7 thO= TEOHD T20 =720+
Fa= e N Fe=_ 100N S Fp-_ N FF:E._H:;_H—.
_+ N
Fg= 200 N =F=900= C 47 a0o (.._.FE: 31\90#J Fg = 50 N
¢ = loON VZF=0 o=
O= 200+ & A

Construct free-body diagrams for the situations described below. Remember the arrows should indicate
the magnitude of the force. .

1. A book is at rest on a table top. Diagram the forces acting on the book.

2, A girl is suspended motionless from a bar which hangs from the ceiling by two ropes. Diagram the forces -
acting on the girl.

3. An egg is free-falling from a nest in a tree. Neglect air resistance. Diagram the forces acting on the egg as
it falls.
4, A rightward force is applied to the book in order to move it across a desk with a rightward acceleration.

Consider frictional forces. Neglect air resistance. Diagram the forces acting on the book.

5. A rightward force is applied to the book in order to move it across a desk at a constant velocity. Consider
frictional forces. Neglect air resistance. Diagram the forces acting on the book.

8. A skydiver is descending with a constant velocity. Consider air resistance. Diagram the forces acting on
the skydiver. :
74 A soccer ball is moving upwards towards its peak after having been kicked by the goalie. Neglect air

resistance. Diagram the forces acting on the football as it rises up towards its peak.

8. A car is coasting to the right and slowing down. Diagram the forces acting on the car.
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GRAVITATIONAL FIELD STRENGTH -

Since our problems often deal with the Earth or the moon, it is important to know their masses and radii.

Earth’s Mass — 5.98 x 1024 kg (formula sheet) Moon’s Mass - 7.35 x 102 kg (formula sheet)

Earth’s Radius - 6.38 x 106 m (formula sheet) Moon's Radius — 1.74 x 10° m (formula sheet)

Example Problems

1, Calculate the gravitational force between two objects when they are 7.50 x 10-'m apart. Each object has a mass
of 50.0kg.

Fyw L
q e
o T
6-:’:’1»39"”;: £p.0 »50. @ o T T
Fa_ = e . o {-’2\\“?"%‘-}‘.— ; ? . {u

(asoxe!)

2. Calculate the gravitational force on a 600kg spacecraft that is 1.6 x 10m above the surface of the Earth:

_—

"‘— Qg
=L O 175
G g,.(,?xfo“"x .98 x10" =00
¢~ “Toe T - 2 *2%3""*
v (6.38%00°%+ [ %1% L2947

P B N e
6\3;5?/5?, - we (G:a 2kI08 4 |bript )2

T80 D

B

= | 3
5 % ‘Té{’ N = ._'Jr&b:m !
3. Three objects each with a mass of 20.0 kg are placed in a straight line 2. 00 x 10! m apart as shown in the diagram. What
is the net gravitational force on the center object due to the other two objects?

20.0 kg 20.0 kg 20.0 kg

Of' 2.00 x 10 m " O < 200x10'm O
F-* Fa
6.40x107 k20 %72, £.69% 10" k20 20
My = Beoitl i s
QL___;;‘; i (2-00x0™)* & s
. (2.00%i57")
= ggaxto? N

= 649 % Ty

ZF= g 67%107" - 6.60x67 7= O

et =
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Physics 11 - Newton's Third Law

1. While standing on a horizontal frictionless surface, two students push against each other. One student has a mass
of 35 kg and the other 45 kg. If acceleration of the 35 kg student is 0.75 m/s?, what is the acceleration of the other

student?

2. While tréveling 50 m/s, the rocket boosters are fired. The 1200 kg rocket pushes against the gas with an average
force of 1500N back for 0.220 s. Calculate the velocity of the rocket at 0.115 s.

faree an
rocket

3. TRUE or FALSE: As you sit in your seat in the physics classroom, the Earth pulls down upon your body with a
gravitational force; the reaction force is the chair pushing upwards on your body with an equal magnitude.

If False, correct the answer,

4. Shirley sits in her seat in her English classroom., The Earth pulls down on Shirley's body with a gravitational force
of 600N. Describe the reaction force of the force of gravity acting upon Shirley. -

5. Use Newton's third law (law of action-reaction) and Newton's second law (law of acceleration: @ = Fre/m) to
complete the following statements by filling in the blanks.

a. A bullet is loaded in a rifle and the trigger is pulled. The force experienced by the bullet is @g.w o
(less than, gqual 10) greater than) the force experienced by the rifle. The resulting acceleration of the bullet
is grﬁmﬁf Jnan  (less than, equal to, gieater tﬁﬁan) the resulting acceleration of the rifle.

T o enee

b. A bug crashes into a high speed bus. The force experienced by the bugis _ 24, ned t0  (less than,
qual to};reater than) the force experienced by the bus. The resulting acceleration of the bug is
q?:w?'vr 4ton(less than, equal to, g Eatﬁf‘tﬁs‘irjm) the resulting acceleration of the bus.

--------

C. A massive linebacker collides with a smaller halfback at midfield. The force experienced by the linebacker is
é‘.&‘t’rvuoi “p  (less than, qﬁgﬂa:lﬂ:rp;?greater than) the force experienced by the halfback. The resulting
acceleration of the linebackeris ___leca -than (i@ equal to, greater than) the resulting
acceleration of the halfback.

d. A 10-ball collides with the 14-ball on the billiards table (assuming equal mass balls). The force experienced
by the 10-ball is ey ual te (less than, gGualTo, greater than) the &_rqe experienced by the 14-ball,
The resulting acceleration of the 10-ball is g usd o (less than,@é[}o, greater than) the resulting
acceleration of the 14-ball,
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Newton's Third Law

1, In the example below, the action-reaction pair is shown by the arrows (vectors), and the action-reaction described
in words. In (a) through (d) draw the other arrow (vector) and state the reaction to the given action. Then make up

your own example in (h).

Example:

Fist hits wall. Head bumps ball
Wall hits fist. (a) bull hereshond
({. p \v\ =9
A, U/
) 2
S/ v E—
Bat hits ball. Hand touches nose
(c) ball hifs Bet (d)_nose FoucheS had

Windshield hits bug
(b) bug hits windshield

el
.-«rg

Hand pulls on flower.
(e) -.Cfswtf Ipu”S on hand

Athlete pushes bar : Compressed air pushes

upward. balloon surface outward

() Boc_puches (9) stmospheric pressive/
_dewn ?axr'l‘?n[os hit bedleon -

2. Draw arrows to show the chain reaction of at least 6 pairs of action-reaction forces below.

> WITHOUT BEING TOUCHED—
2 WEWTON'S THIRD (AW (&
RN SN i
-~ o
}éi ?

A




Newton'’s Third Law
3. Nellie Newton holds an apple weighing 1 Newton at rest on the palm of her hand.

The force vectors shown are the forces that act on the apple.

a. To say the weight (Fg) of the apple is 1 N is to say that a
downward gravitational force is exerted on the apple by
i€ earf)  (her hand) '

Nellie's hand supports the apple with normal force Fn
which actsin a dlrection opgom et to Fg We can say Fn

Since the apple is at rest, the net force on the apple is('zefo],)(nonzero)

Since Fy is equal and opposite to Fg we (€an) (cannof) say than Fy and Fg
comprise an action-reaction pair. The reason is because action and reaction
always (am_on the same o ‘Jpct) (acton dlfferent ob]ects] and here we see Fgq

In accord W|th the rule “If ACTION is A acting on B, then REACTION is B
acting on A Jﬂmaymfron is the earth pulling down on the apple, reaction is
(the applé pulling up on the eartn) (Fn— Nellie’s hand pushing up on the apple).

To repeatms we see that Fy and Fg are equal and opposite to each
other (and comprise an action-reaction pair) (but do not comprise an
action-reaction pair).

To identify a paiv of acticnreaciion forces in any situalion, first identify
tha pair of irferacting objects imolved, Somzlhing is interocting wilh
scsmathing else In this cose fhe whole earth is inferaciing (grovitationally)
wilh ihe apple. So Ihe earth pulls dovmward on the opple (call i) action),
while ihe apple pulls upword cn the sarth (reaction),

Sirply pud, eocth pulls on opple (oclion)
apple pulls on corth (reaction).

. h \
; Er b _! Baller pul, cpple end eorth pull ©n coch olher
i with equal ond opposile forces thal comprise ¢
single interoclion.

Another pair of forces is Fy (shown) and the downward force of the apple
against Nellie's hand (not shown). This pair (isn't) an action-reaction pair.

Suppose Nellie now pushes upward on the apple with a force of 2 N. The apple
(is still in equilibrium) ( @ up),.and compared to Fy, the magnltude of
Fnis (the same ) (twice) fLThe same or twice)

i. Once the apple leaves Nellle s hand, Fn is @the same as before) and the net force on the
apple is (zero) (@( Fg-Fn, which is a negative force).
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Physics 11 - Frictional Force

Example Problems

- 1. A 7.6 kg object is resting on a horizontal surface. What is the normal force acting on the object?

fn=my
=(10:6)(9.81) = 4z p

it

2. A 7.6 kg object is pulled along a horizontal surface. If the coefficient of friction between the surfaces is 0.20, what is the
force of friction?

ﬁb < Miw
= (QJ:;){O.Q(?.S?)

= /5A

e .
3 What s the Frthat you must over come to start moving, when 5.00kg sheet of glass is pulled at a constant speed over an
identical glass surface?

Hery 600959 = 495w

4. What s the coefficient of kinetic friction (i) for 25.0kg object being pulled with a 4.50N force at a constant velocity?
e ason.  40=ag (500980

= MeFo Mk=0.018% .

e o

5. A 5.3 kg object is pulled along a horizontal surface with a force of 15.0 N. If the acceleration of the object is 1.6 m/s?,
what is the coefficient of friction between the surfaces?

- s ZF=ma
| 32 SE = (€53)(16)
——— _
a3 remp> = 8od§

ZF = 150 - Fp o= dy

S e T AR YT T e

'.v‘“ = 65N leh
%
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Friction

N 1. A crate filled with delicious junk food rests on a horizontal floor. Only
TJ/ gravity and the support force of the floor act on it, as shown by the

& vectors for weight W and normal force n.

a. The net force on the crate i [greét'er than zero),
. ,& . : 'b. Evidence for this is _N0 acceleration

I R R

2. Aslight pull P is exerted on the crate, not enough to move it. A force of
friction f now acts,

a. which is (less than) (greater than) P.
b. Net force on the crate i (greater than zero).

3. Pull P is increased until the crate begins to move. Itis pulled so that it
I An moves with constant velocity across the floor. ‘
i

N
% a. Frictionfis (less than)( (equal to)) (greater than) P.

. b. Constant velocity means acceration is{ (zero))(greater than zero).
e e ¢. Net force on the crate is (less than){ (equal to))(greater than) zero.

il IS P 4. Pull P is further increased and is now greater than friction .
(€7 a. Netforce on the crateis (less than) (equal to Zero.
" b. The net force acts toward the right, so acceleration acts toward the
—ﬂaﬁs)f - :ﬁj (efo(rgh) |

w . . ) ‘

5. If the pulling force P is 150 N and the crate doesn’t move, what is the magnitude off2___ 150N

6. If the pulling force P is 200 N and the crate doesn’t move, what is the magnitude of f2__ 200N

7. If the force of sliding friction is 250 N, what force is necessary to keep the crate sliding at constant

velocity? 250N
8. If the mass of the crate is 50 kg and slidig friction is 250 N, what is the acceleration of the crate

2
. when the pulling forceis250N2_C ™S 3o0Nz__1MS2  sopnvz_Smis ®

- Conceptual [y ys /[
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Force Due to Gravity (Weight) L@_Sf;.@ N b kﬂﬂ

The force of gravity is the force with which the earth, moon, or other massively large object attracts another object
fowards itself. By definition, this is the weight of the object. All objects upon earth experience a force of gravity
that is directed "downward" towards the center of the earth. The force of gravity on earth is always equal to the
weight of the object as found by the equation: Fq = mg agm . gsmm

Questions (include force diagram):

1. What is the weight of a 12.0 kg object near the surface of the Earth?

Fa: ma.

(12.0)(9.80) = 11972

ety

(U, >

e

2. Whatis the acceleration due to gravity near the surface of the Moon if an object that has a mass of 34.0 kg has
a weight of 47.0 N near the Moon's surface?

- 15 40N :
= - \\
6= 34-0kg JffN/ e

Terminal Velocity

1, What would the force of friction (due o air resistance) be on a 67Kg sky diver who had reached terminal
velocity?

R sF= 0- ¢ L__e‘\gq} = l‘:;:

:F = 'EJ._‘ o -
g LN

2. If a skydiver who has reached terminal velocity experiences a Ff (due to air resistance) of 796N, what s the
skydivers mass?

gF=0
W (4.5 5 gqé

R
(e 8’|.\|¢&)



Falling and Air Resistance

tionary helicopter. Various stages of fall are
shown in positions a through f. Using
Newton's 2nd law,

find Bronco’s acceleration at each position
(answer in the blanks to the right). You need to
know that Bronco’s mass m is 100 kg so his
weight is a constant 1000 N. Air resistance R
varies with speed and cross-sectional area as
shown.

Circle the correct answers.
1. When Bronco’s speed is least, his
acceleration is

. (ieast)

2. In which position(s) does Bronco .
experience a downward acceleration?

(@) M) @ € @

3. Inwhich position(s) does Bronco
experience an upward acceleration?

@ b ©(d_©)O.

4. When Bronco experiences an upward
acceleration, his velocity is

(Gl downward)) (upward also).

- ﬁR :‘ ﬁ:p{:‘) : x
Bronco skydives and parachutes from a sta- I .
R=0 o |0 We

Le,%on b kﬁ_‘j NG, S [:‘ap[.) ¥ Eﬂ _ __ o I

3

= 400 N — éid“/s"
b
W =1000N

a=

+ [0

C
\

a=

= ' wm/
R=1000 N a=0-0 Ve
c. .
W =1000 N
R=1200N
7 7
) 5= t2U%
d= |
Note that we take ej; '
d ‘W= 1000 N acceleration down as +
' here. If chosen as -, then
- signs become +. Either
: ’ way is okay if you're
1 consistent in any one
R=2000N  sitation. '

mpany, Inc. All rights reserved.
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Concept-Development [§ 5.2
O Practice Page

Force and Acceleration

1. Skelly the skater, total mass 25 kg, is propelled by rocket power.
TABLE I
2. Complete Table I | FORCE | ACCELERATION
(neglect resistance) 100 N 4fm/s?
a=F/25 kg 200 N 8im/s?

u,&# ' 250 N 10 m/s2

TABLE Il | FORCE | ACCELERATION

b. Complete Table Il fora
constant 50-N resistance.

a = (F - 50 N)/25 kg = 50 N - 0.0 m/s2
{00 N 2.m/s?
200N - 6im/s?

2. Block A on a horizontal friction-free table is accelerated by a force from
a string attached to Block B. B falls vertically and drags A horizontally.
Both blocks have the same mass m. (Neglect the string's mass.)

' (t r—
(Circle the correct answers) A @

a. The mass of the system [A + B] is (m)

b. The force that accelerates [A + B] is the weight of (A (A +B).

¢. The weight of Bis (mg/2) (ng) 2 mg. - | Te
d. Acceleration of [A + B] is (g) (more than g).

e. Use a=to show the acceleration of [A + B] as a fraction of g._

a= (mg)/(2m)=g/2

Yes, because the force that accelerates
it would only be acting on its own

( If B were allowed o fall by Hself, not dragging A,
mass — not fwice the mass!

then wouldn't its acceleration be g?

0

To better understand this, | B
consider 3 and 4 on the /
other side!

Conceptual Iy Y SICS

©Addison-Wesley Publishing Company, Inc. Al rights reserved.




Force and Acceleration continued

ck, but B is a low-mass feather (or a coin).

A—

3, Suppose A is still a 1-kg blo

a, Compared to the acceleration of the system in 2, previous page,

the acceleration of [A + B] here is (more) ' é B
and s (ot o zere) (cose o B -

b. In this case the acceleratlon of Bis

(practleally that of free fall)

is a feather or coin, and B has a mass of 1 kg.

4, Suppose A1l
M

a. The accelerai_tien of [A:+ B) here is

(close to ‘z'ere)' ‘

- b.In this case the acceleration of B 1s
. ({pracncally that of free fa]l) (constramed}

Ummmmng 2 3 and 4, where the weight of one object causes the acceleration of two objects,

ee the range ef possible accelerations is .

and 2 {between zero and infinity) fbetween gand infinity).

{decreasmg) (constant) (increasing).

s the bottom and rolls along the smooth level surface 1t
te) (t;lo_es not accelerat@- : i

Nov:r you're ready for the labs " Cons'mni force ond Changmg "Mass "
ond " Conslonl Muss and Gmnging force "

.Cempany, Inc, All rights reserved.
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1, An 80Kg passenger is travelling in an 850Kg elevator. The apparent weight of the passenger is 715N, Is the
elevator accelerating? If so in which direction?

= Py Fopp. goo= (fo)(-a-2 ) +15

Apparent Weight

ma = Fo +Fap ’= - 0-80m/s”

2. While on a ride at the amusement park a 25'DKg boy feels as if he weighs onIy 196N. What must the
acceleration of the ride be?

zF= Tathapp  aSa= D980+ 194
W= T8 + Fapp Dz —1.9Nm ¢
A= 19> deson

3.A30 kg suitcase is-slidingracross-the-herizental-floor-of-an elevator. The@eeff-lelent of- klnetlevfnetmn-laetween
the.suitcase.and-the-floers-0:33.

Yed
a) If the elevator is moving upward at a constant speed of 2.2 m/s, find the force g@d\slignacting on the suitcase.
b) If the elevator is acceleratmg upward at 2.2 m/s?, find the force of«m&wﬁlactlng on the suitcase.

cohed
c) If the elevator is acceleratlng downward at 2.2 m/s?, find the force oﬁfﬂeﬂﬂﬂ acting on the suitcase.

a) @a=o
3F-0 = F&PF+F2,
13 0)(=9.81) + Ff R = 2qar

b) ZF= Fappitla

(0= (20)0-9.8)) +Ep tes 36N

¢ zZF= Fapp +'F3,

(30060 = (3.0 (-9.91) i BL = 234
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Newton’s Second Law of Motiom - Sum of Forces

>F=ma _
But SF is also equal to the sum of all the forces acting on an object.

So = ma = sum of all forces acting on the object

Examples — You must draw a complete and correct free-body diagram with every problem.

) 8 A net force of 30.0 N east acts on a 10.0 kg object. What is the acceleration of the cbject?
A
.-—~7wh-} F: PG Fl\} :Ff)
I3 *‘3_{’—‘7 ot = [2:0kg O
Uy
FoemiT = (i
2. A 22 kg object accelerates uniformly from rest to a velocity of 2.5 m/s west in 8.7 s. What
is the net force acting on the car during this acceleration?
fy A=\ - 3_83':1/5- =0.29m/8
2.5/ ¥ S FN: Fj
Qakﬂ _ - F= oo
Co= Lra 2 et
\”3 = ;‘?&Qr%gg Nz? 29 m/Y
3. What force would be required to accelerate a 6.5 kg object to the right at 2.0 m/s with a force of friction of
6.5N7? SF=ma
)lx?p Fact E% o
b.5N g , 2.0/ = Ml _(F-F)
ek pA bsry).oese) +6.5
= 45N
4, What is the r%aass of an object that is accelerating at 3.5 m/s2 with an applied force of 32.0 N and a force
of friction of 12.0 N? SF =ma
b 9.5mh" Fo + - Ma
oh .
o 25 pettnol
i 3.5 m/s
_ Fy 53K =
B What is the tension of a rope that is accelerating a mass of 8.5 kg at 3.20 m/s? [W] with a force of friction
of 5.55 N? _ SF=ma
= MK
FT % I:‘F ‘
Fr= Mo [F
FT (4:5K) 3. 20mys2) (555 )
Fo= 330
6.. What is the force of friction acting on a 10.0 kg object that accelerates from an initial velocity of 4.0 m/s to
a velocity of 12.5 m/s in 7.5 seconds. The applied force acting on the object is 34.0 N.
FNT_ (= L; Vo F o= Mo |
R - Fopp B = (|0.0)((.1333
ﬁc z—{ [0.D eumk).u s g -40 Fopp — % (1o.0) P,
]__ I__} o 0.5 Y
W0~ = 1333
W a3 |.]53M/§"'

fa SR = 23N Leff
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Momentum and Impulse

1. A net force of 14.0 N acts on a 6,00 kg object for 1.00 x 10-'s. What is the change in velomty of this object?
Tmpuisg = AP- Fopts (Mop) ((.ooxie™S)= 1o N- 8
AP e R ol (V- W) - mAV = |

(b mmh\} - 0.233 m{s
2. A 4.00 kg object accelerates uniformly from rest to a velocity of 10.0 m/s east. What:is the change in momeny_rp
(impulse) on the object? \'. o e \0omys A[’

—W

APz o~ P= IMUL - W, = (Q.mt\g)\[\o.o;nrj) - (4eoo K9)(0)= oo ¥givg

3. An average net force caused a 7.0 kg object to accelerate uniformly from rest. If this object travels 34.0 m east

in 4.5 s, what is the change in momentum of the object? 7%, J —54 i
L=kS s Ve hawe to i Up Vo=Vt at y
< U{-A—J-a.b 0 +BHt-C9) [NP= -{-\f\U.t;- LAY i s
L0 0+~q(4 55)’ 6 it By = (7-0k) [ 1oM/S)
2, < ;
O 2, Hnfg™ east . < ok Ygme East < 1) x VD00 WS East
£ =
3 W
PROBLEM 4 | LA
\h ' a

A baseball of mass 0.15 kg moving due wws is hit by a bat, and as a result the ball travels due east at
38 m/s. The ball remains in contact with the bat for 1.4 x 1025

Vs _ +, [uxlo® S P
: : _—_ 36 m/s K (5‘ :}1';'%&“?-:, 3R m/s
-_.,_ ;:} . _"“\J (/ " ‘E.'{ ‘_f: ) "
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a) What are the initial and the final momentum? Ps - g - olg,[ca\ 3’3;»751;5'7 Ls.m{g East

b) What is the impulse given to the ball by the bat?
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c) What is the net force exerted on the ball by the bat?
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d) What is the average acceleration of the ball during contact with the bat?

F: Foeremgq - - > " fc2
< 5y M/s* 3 5.2X \o M
79294 (vok)) o aeTeier My Egst




~ Momentute j \ector

PROBLEMS
Tmjuise
A 0.35 kg volleyball travels north at 12 m/s.

a) What is the initial momentum of the volley ball?
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b) If the volleyball collides with a brick and moves at 3.8 m/s in the opposite direction, what is the |mpulse
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c) If a net force of 16 N is exerted on the ball for 0.02 s in the original direction (it does not hit

what is the final velocity of the ball?
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d) If a net force of 14 N is now exerted on the ball in the opposite direction (continue from part (c), how long should
the impact last to bring the ball to astop? T, - (4= ma NG T: P m\lx: MV '
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PROBLEM 6

A 0.80 kg ball is dropped from a height of 3.2 m above the floor. Ignore air resistance
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) Find the momentum of the ball before ipapa/ct-.//
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b) If the ball rebounds straight upward to a height of 1.8 m, what is
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