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Physics 12 - Dynamics: Net Force (3.F)

Recall from Physics 11:

e A force is a push or pull (measured in Newtons, N)
o Forces are vector quantities and direction must always be indicated when solving

problems

Newton’s First Law of Motion (Law of Inertia)

Newton’s first law of motion states that an object will remain at a constant velocity (including

zero) unless acted upon by an unbalanced force.

Restated this means: An object will remain at rest or will continue to move with no change in
speed or direction, if AND ONLY IF, Net Force =0N (LF=0N)

Newton’s Second Law of Motion

YF=ma

Once the net force ()'F) has been determined, we can find the acceleration that the net force
will cause on the object. The acceleration that results from the net force is entirely dependent

on the mass of the object.

Newton’s Third Law of Motion

EVERY force in the universe occurs as one part of an action-reaction pair of forces.
Both members of the action-reaction pair:
e Acton two different objects

e Are equal in magnitude but opposite in direction

Action-Reaction Pair

/N

CNC N
I:BonA U v I:AonB
A B




Statm Friction:
The force that opposes the start of motion. This force

is greater than the force requnred to keep the object in
-motion!

> Coefficient of static friction ( ;) .
Qe Ff = fsFy S foran object bemg pushed

but not movmq”f

thetl C or
Shdmg Friction: | - |
The force between objects in relative motion.

> Coefficient of sliding friction ( )
ie. F = '/u,< Fn = for an object in m'q;ion_

G On a flat surface (Different cases from ob/ect at. resz‘
7‘ to acce/erated motlon) - -

Example 1: What is the coefficient of static friction "
between a 15-kg box-and the floor if a 250 N force i IS

: requnred to start it movmg’>

Examiple 2: A 50-N sled is pulled across a cement. =
sidewalk at constant speed. A horizontal force of 35 N
is exerted. What'is the coefficient of sliding friction
between the SIdewalk and the'metal runners of the :

sled?

Example 8 A 10-kg box is pulled along a hornzontal

~ surface by a force of 40 N at a 30°angle. Calculate
the acceleration if the coefficient of sliding fl'lCthﬂ

between the surfaces is 0.30.
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Example 1: A 20. O -kg:box. rests ona tebleWhmh a 10kg boy i's adde

a) What is the weight and the normal force acting on it?

b) Determine the normal force that the table exérts on the
20.0-kg box and the normal force that the 20. 0-kg box
exerts on the 10.0 kg box.

7

Examgle 2: A box welghmg 55 N rests on a table. A rope tled |

to the box runs vertically upward over a pulley and a weight
is hung from the etherend. Determine the force that the
table exerts on the-box:if the weight hanglngon the other
side of the pulley weighs

a) 30N Db)70N - -

v
B

Example 3: Kim shovels snow in the wmter applying a force
of 60.0 N and mow%g at a éonstant velomty She angles her
2.0-kg shovel at:37 to the- horizontal. L .
a) What is the retarding force on-the shovel?:

'b) What lS the normal force- on the: shovel by the ground?




According to Newton’s Second Law, the acceleration (or change in motion) is dependent on

two things: the mass of the object and the net force.

Now we need to remember what net force is and how to determine it.

In Physics 11, the net force was found in a single plane only. In these cases, we take all of the
forces and add them together (taking direction into account). The force that “wins” will result

in the direction and magnitude of the net force.

Horizontally: Vertically:

Lav & [ i S i S S B A N A

The net force directs the acceleration: The net force directs the acceleration:
The acceleration achieved depends The acceleration achieved depends
on the mass: on the mass:

- Net force can also be found as a resultant force when there are unbalanced forces acting on

the object in two planes.




|

A force of 7.0 N east and a force of 5.0 N south act on an object. What is the net force acting

on the object?

A force of 3.0N west and a force of 4.0 N 33 S of E acts on an object. What is the net force on

the object?




Using Net Force:

Once we have determined the net force acting on an object, we can determine the resulting

acceleration by taking the mass of the object into account.

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

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 object during this acceleration?

A force of 6.0 N East and a force of 8.0 N 21° N of E act on a 5.0 kg object. What is the acceleration

that the object experiences?




e O G

Net Force Assignment: (Draw Free-Body Diagrams for ALL problems)

1. A force of 4.0 N East and a force of 3.0 N East act on an object. What is the net force on the
object? (7.0 N [E])

2. A force of 6.0 N East and a force of 4.0 N West act on an object. What is the net force on the
object? (2.0 N [E])

3. A force of 2.0 N East and a force of 5.0 N South act on an object. What is the net force acting
on the object? (5.4 N 68° 5 of E)

4. A force of 2.7 N East and a force of 3.0 N 25° N of E act on an object. What is the net force
acting on the object? (5.6 N 77° E of N) '



5. Forces of 4.5 N 38° N of W and 3.0 N 61° S of W act on an object. What is the net force
acting on the object? (4.9 N 2.3° N of W; without rounding in calc: 1.7° N of W)

6. A force of 2.2 N East, a force of 3.3 N West and a force of 4.4 N north act on an object. What
is the net force on the object? (4.5 N 14° W of N)

7. A 15.0 kg object is accelerated by a net force of 12.6 N East. What is the objects acceleration?
(0.840 m/s? [E])

8. A 925 kg car accelerates uniformly from 5.0 m/s to 12.0 m/s south in 11.0 s. What is the net
force causing this acceleration? (5.9 x 102 N [S])



9. A net force of 6.6 N East acts on a 9.0 kg object. The object accelerates uniformly from rest
to a velocity of 3.0 m/s east. A) How far did the object travel while accelerating? B) What is
the time of the acceleration? (6.1 m [E], 4.1 s)

10. A force of 5.0 N East and a force of 6.7 N East act on an 8.0 kg object. What is the
acceleration of this object? (1.5 m/s? [E])

11. A force of 22.0 N East and a force of 25.0 N South act on a 4.2 kg cart. What is the
acceleration caused by these forces? (7.9 m/s? 49° S of E)




12. A force of 220 N North and a force of 110 N 15° N of E act on an object. If the mass of this
object is 12.0 kg, what will its acceleration be? (23 m/s? 23° E of N)

13. Forces of 39 N 65° N of E and 20 N 31 S of W act on an object. The object has a mass of 3.2
kg. What will its resulting acceleration be? (7.8 m/s* 1.4° W of N)
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Physics 12- FORCES-1 Name:

A. GRAVITY

GRAVITATIONAL FIELD STRENGTH

A gravitational field is a model that is used to describe the effects of gravity. The field

strength can be determined using Newton’s Law of Universal Gravitation.

A gravitational field forms around every particle or larger mass and is a

vector field in which every vector points directly toward the particle or mass.

O

O O

The magnitude of the field at every point is the same and represents the force per unit of

mass on any object in that region of space.

On Earth, we know that the force of gravity acts as an unbalanced force and accelerates

objects toward the earth at a rate of 9.8 m/s

For every 1.0kg of mass on the surface of the Earth, it will be pull down by a force of gravity

of 9.8N.




FORCE OF GRAVITY

From this, we are able to determine our weight on Earth which is equivalent to the force of

the gravity.

Near the Earth’s surface we use 9.80 as the value of gravity. However, it is not a constant
value. This value depends on the mass of the Earth (or other planet) and the distance from

the center of the Earth. This is seen in the formula:

Due to this, the force of gravity on an object on the surface of the Earth will vary depending
on location. The Earth is not a perfect sphere and bulges at the equator. Therefore, the Fg on

an object at the equator is less than at one of the poles (larger distance to center of the Earth).

Weight is often confused with mass. >

Mass only depends on the matter an object ‘Weight is the amount of force pulling an
contains (the atoms + molecules). object down toward a surface.

B. NORMAL (SURFACE) FORCE

The normal force is the perpendicular force that a surface exerts with an object which it is

in contact.

On a horizontal surface, the normal force is equal to the weight of the object.




On an incline, the normal force is equal to the component of weight that is perpendicular to

the surface.

A 6.7 kg object is resting on a horizontal surface. What is the normal force acting on the object?

A 7.6 kg object is at rest on an inclined plane. If the inclined plane makes an angle with the horizontal

of 330 what is the normal force acting on the object?




There are many other situations when the normal force is not equal to the force of gravity,

even when on a horizontal surface.
A

~ >

The normal force is also referred to as “apparent weight”. This is due to acceleration of an
object on a horizontal surface [up] or [down]. Due to inertia, an object will want to stay in its

previous state of motion.

When accelerating up, the object will push into the surface below as its inertia maintains its

previous state of motion until it is overcome by the unbalanced force of the accelerating

surface below it.

When accelerating down, the object will pull away from the lower surface for the same

reason as above.




When moving up or down at a constant velocity, the forces acting on the object are balanced
and the object maintains its state of motion. This means that its weight is the same as if it

were at rest. (In both cases, the forces are balanced = no change to state of motion)

Vertical Motion:

1. With FaorT: z F=ma= Fapplied + Fg

A 1200 kg rocket is launched. The engines have a thrust of 1.65 x 10° N. What is the rocket’s

acceleration?

2. With Fx: 2. F =ma = Fnt+ Fg

A 100 kg man is standing in an elevator on a scale. What would the scale read when the-elevator is

. o b )
accelerating upward at 3.0 m/s?? ’ Jown d O/t down at A0we
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Forces Practice Assignment — Complete the following showing all work and with correct

free-body diagrams.

1. A 2.3 kg object is resting on a horizontal surface. What is the normal force acting on the
object? (+23 N)

2. A 5.5 kg object is at rest on an inclined plane. If the inclined plane makes an angle with the

horizontal of 43°, what is the normal force acting on the object? (+39N)

3. A 10.0 kg object is at rest on an inclined plane. If the inclined plane makes an angle with

the horizontal of 14.0°, what is the normal force acting on the object? (+95.0N)

4. An 55Kg passenger is travelling in an 799Kg elevator. The apparent weight of the

passenger is 700N. Is the elevator accelerating? If so in which direction? (accelerating up)

5. While on a ride at the amusement park a 33.0Kg boy feels as if he weighs only 203N. What

must the acceleration of the ride be? (-3.65 m/s?)

6. A 61Kg passenger is travelling directly upwards in a helicopter upon take-off. If the
helicopter accelerates at a rate of 3.4m/s?, what is the apparent weight of the passenger?
(8.0x10°N)



7. While accelerating during take-off in a rocket, the 65 kg astronaut feels much heavier than
normal. If he is sitting on a scale, he would calculate his apparent weight to be 1090 N. At

what rate is the rocket accelerating? (+7.0 m/s?)

8. Two masses that each have a mass of 10.0kg are sitting 10.0m apart. What is the
gravitational field strength produced by the masses? (6.67 x 107! N)

9. A 68 kg mass is sitting on the surface of the moon. If the moon’s mass is 7.35 x 10% kg and

its radius is 1.74 x 10m, what is the force of gravity acting on the 68 kg mass? (110 N)

10. What is the weight of a 15.0 kg object on the surface of the Earth? (-147 N)

11. What is the mass of an object if it has a weight of 110N on the surface of the Earth?
(11.2kg) '

12. An object of mass 10.0 kg is subjected to the following forces: 25.0 N due east. 50.0 N at an
angle of 53.0° N of E, and 40.0 N due west. What is the acceleration of the object? (4.27 m/s?
69.3° N of E)



13. You are standing on a scale in an elevator, the scale reads 450 N when the elevator is at

rest. The elevator begins to accelerate upward at 9.00 m/s?.
a) What is the new reading on the scale? (+863N)

b) Suppose the elevator was now accelerating downward at 9.00 m/s%. What does the scale
read as now? (+36.9N)

14. You push down on an 8.0 kg object with 44 N of force. What is the normal force exerted
by the horizontal table surface that it is resting on. (+122N)

15. A rope tied to a 5.0 kg block is pulling up with a force of 38 N. What is the normal force

acting on the object from the horizontal surface below? (+11N)

16. A 55.0 kg person is riding in a hot air balloon and a scale aboard shows the person’s
weight to be 549N. Determine the acceleration of the balloon (magnitude and direction).
(+0.182m/s?)

17. A 12.0 kg object is thrown vertically into the air with an applied force of 145 N. What is

the initial acceleration of the object? (+2.28 m/s?)

18. A 15.0 kg object is thrown vertically into the air. If the initial acceleration of the object is
8.80 m/s? what is the applied force? (+279N)




Physics 12 - Forces-2 Name:

C. Friction

Frictional Forces are forces that always oppose motion. Recall that the frictional force

depends on only two things:

e The normal force acting on the object

e The nature of the two surfaces (indicated by the coefficient of friction L)

Frictional forces DO NOT depend on the area of contact between the two surfaces.

10
g

10

9

There are two types of friction: Sliding (Kinetic) Friction (u) and Static Friction (ps)

Static Friction refers to the friction force that must be overcome to start an object moving.

This is always a larger frictional force that Sliding Friction which refers to the friction force

that must be overcome to keep an object moving.

When an object is at rest, it wants to remain at rest (inertia). When an object is moving, it

wants to remain moving (inertia). This is why it takes more force to get an object moving that

to keep it moving. Hence, static friction is greater than kinetic friction.

Hs> Hk

A 7.6 kg object is being pulled along a horizontal surface. If the coefficient of sliding ﬁ'zctzon between

the two surfaces is 0.20, what is the force of friction acting on the object?




A 7.6 kg object is pulled up an inclined plane. If the inclined plane makes an angle with the horizontal
of 33, and the coefficient of friction is 0.20, what is the force of friction acting on the object?

D. Applied Force or Tension

Recall that tension (T) is a force applied through a rope, cable or string. The tension in a

string or rope pulls in both directions with the same force.

As always, we draw a free-body diagram to indicate all forces acting on an object.

An elevator with a mass of 9.00 x 107 kg is accelerating downward at a rate of 1.30m/s*. What is the

tension in the cable?

An object that has a mass of 25.0 kg is pulled along a horizontal sutface with a force of 95.0N. If the

coefficient of friction between the surfaces is 0.34, what is the acceleration of the object?




An object that has a mass of 45.0kg is pulled along a horizontal surface by a rope that makes an angle
of 32.0° with the horizontal. If the coefficient of kinetic friction between the surfaces is 0.150, and the

tension in the rope is 95.0N, what is the acceleration of the object?

Two systems of masses are connected as shown below. Determine the acceleration of the system, and

ples onnext Ywo pones)

tensional forces along each segment of massless string. (see eravn
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Forces- Friction and Tension Assignment — Complete the following showing all work and

with correct free-body diagrams.

1. A block of mass 4.0 kg rests on a horizontal surface. What horizontal force is required to
accelerate the block at 5.0 m/s? if,

a) There is no friction? (+20N)

b) The coefficient of kinetic friction is 0.25? (+30N)

2. Two boxes are connected by a cord on a horizontal surface. A force F pulls on the blocks as

shown in the diagram. Find the acceleration of the blocks and the tension in the connecting

cord if,
a) The surface is frictionless? (+3.0m/s?, +75.0N) 25 F=120N
15 b
K
b) The coefficient of kinetic friction is 0.207? 9 K9
ra 7 7 7 7 V4 / 7

(+1.04m/s?, +75.0N)

3. Traveling at a speed of 58.0 km/h, the driver of an 800 kg automobile suddenly slams on
the brakes. The coefficient of kinetic friction between the tires and the road is 0.720. How far

does the car skid before coming to a stop? (Ignore air friction) (18.4 m)

4. A 250 N block rests on a horizontal table. The coefficient of kinetic friction between the
table and the block is 0.30. What force is required to pull the block at a constant speed if,

a) The rope is horizontal? (+75 N)

b) The rope makes an angle of 25 above the horizontal? (+83 N)




5. Draw a diagram showing the forces acting on each object, and label the forces with
appropriate symbols. Ignore the mass and friction of the pulley.

\
o
W\
\
2

b) la

lq

7 7 7 /S 7

6. Find the acceleration of the system and the tensional forces as labeled in each of the
following: (ignore air friction and friction of the pulley)

B)

A) T2 g.0
5.0 K
Ky 9 T\
rd I4 4 ;M:I 01'/ é rd L4 4
150
K9 (+4.4m/s?, +81N, +31N)
T
gE1 (4.0
Kg Kg
Ty
ab

(+1.78m/s?, +52N, +20N)
Ho .




7. A 20.0 N object is placed on a horizontal surface. A force of 3.0 N is required to keep the
object moving at a constant speed. What is the coefficient of friction between the two
surfaces? (0.15)

8. A 17.0 N object is pulled up an inclined plane. If the inclined plane makes an angle with
the horizontal of 44.0°, and the coefficient of friction is 0.300, what is the force of friction
acting on the object? (-3.67 N)

9. A 23.0 kg object is pushed with a horizontal force of 25.0 N east across a horizontal surface.
If the force of friction between the two surfaces is 12.0 N, what is the acceleration of the
object? (+0.565 m/s?)

10. An object is pulled east along a horizontal frictionless surface with a steady horizontal
force of 12.0 N. If the object accelerates from rest to a velocity of 4.0 m/s while moving 5.0 m,
what is the mass of the object? (7.5 kg)



11. A 12 kg crate is pulled along a horizontal floor by a force of 60 N which is applied at an

angle of 28° above the horizontal. The coefficient of friction between the crate and floor is

0.32. LN
%0
12 Kg
rTTTT T T Tulels2

a) Find the magnitude of the normal force acting on the object. (89.4 N)
b) Find the friction acting on the crate. (-28.6N)

c) Find the acceleration of the crate. (+2.03 m/s?)
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Physics 12 - Newton’s Third Law of Motion

A force is a push or a pull upon an object which results from its interaction with another
object. Forces result from interactions. According to Newton, whenever two objects interact
with each other, they exert equal and opposite forces upon one another.

This is stated as:

For example, when you sit in a chair, your body exerts a
downward force on the chair and the chair exerts an upward
force on your body.

There are two forces resulting from this interaction — a force on the chair and a force on
your body. These two forces are called action and reaction forces.

The statement means that in every interaction, there is a pair of forces acting on the two
interacting objects. The size of the force on the first object equals the size of the force on the
second object. The direction of the force on the first object is opposite to the direction of the
force on the second object. |

Recall that in order to be an action-reaction pair, there must be two objects involved.

For example, while the normal force is equal and opposite to the
force of gravity on a horizontal surface, this IS NOT an action
reaction pair as both forces are acting on the same object.

However, if we look at the interaction between the object and
the surface below it (table), there is an action-reaction pair.

Newton’s Third Law can be illustrated and solved using free-body diagrams and

mathematics:

Formula: Free-Bodv Diagram:




However, just because the magnitude of the forces acting on each of the objects is the same,

does not mean that the resulting motion will be the same.

Example — A linebacker (ma =200kg) runs into a gymnast (ms = 40kg) by accident.

What happens as a result?

The Linebacker’s acceleration =

The Gymnast’s acceleration -




Gravitation: You Attract The Earth!

Fg you on Earth = — Fg Earth on you

But the acceleration that you produce on the
Earth is very, very small.

Two blocks of masses # and 2m are pushed together along a horizontal, frictionless surface
by a force F. The magnitude of the net force on block B is:

A.1/3T

B.2/3F ( m 2
%

C.F -, Al B

The magnitude of the force on block A by block B is:




While a football is in flight, what forces act on it? What are the action and reaction pairs while the
football is being kicked and while it is in flight?

A 3.40x10° kg rocket is travelling east along a frictionless track at a velocity of 14.0 m/s. The rocket
accelerates uniformly to a velocity of 20.0 m/s in a time of 1.10s by the expulsion of hot gases. What is
the force in which the gases are expelled by the rocket?




Assignment: Newton’s 3rd Law and Free Body Diagrams

Part I: Free Body Diagrams

E—
| Time: 25 Mstion of the Block

% =43.75

An 8-kg block is pushed across the floor at a constant speed.
1. Sketch a possible free-body diagram for the block:

2. What is the acceleration of the block?

How do you know?
3. Therefore, the net force (sum of all the forces) in the x-direction =

4. Similarly, the net force (sum of all the forces) in the y-direction =

Consider the forces in the x-direction (horizontal forces). Consider each of the four
possible free-body diagrams below (each diagram is above the block). The length of the
vector represents the magnitude of the force.

ime: 3 . Time: 3
Time Free-Body 1 (x axis only) : Free-Body 2 (¥ axis only)

Time: 3 ree-Body 3 (x axis only)




5. Only one is a possible free-body diagram. For each one, indicate why it is or is not a
possible force diagram: )

Horizontal components:

Possible force Reason:
diagram?

Free-Body Ix

Free-Body 2x

Free-Body 3x

Free-Body 4x

6. Vertical components:

M
Time Free-Bedy 1 (y axis only)

g% Time: 3 Free-Body?2 (y axis only) j
|
]
|
|
§

Time: 3 Free-Body 3 (y axis only) Time: Free-Body 4 (y axis only)
]

EA

Possible force Reason:
diagram?

Free-Body ly

Free-Body 2y

Free-Body 3y

Free-Body 4y

7. Based on this, sketch a complete free-body diagram below:



10.

11.

If your weight is force created by gravity on your body, and therefore is the Earth
pulling you down, what is the reaction force?

There is nothing in outer space for rocket exhaust gasses to push against. How then
can a rocket accelerate in outer space?

No matter how hard a horse pulls on a cart, the cart must pull back with exactly the
same force according to Newton’s Third Law. How can a cart pull a horse? (For this
question assume the horse and cart are on level ground.)

A bug splatters on a fast-moving car's windshield. Is the force on the car from the bug
the same as the force on the bug from the car? Explain.

Three blocks on a frictionless horizontal surface are in contact with each other. A force
of 100N is applied to block 1. Each block has a mass of 10.0 kg.

A) Determine the acceleration of the system. (+3.33 m/s?)

B) Determine the force that each box exerts on its neighbor. (F1 >2&3=+67N,F2>3=+33N)

F;[;ON

/ 3

F_100N | 0.0 | r9.0 | 10.0
g kg | 49




12. Two crates, of mass 80 kg and 110 kg, are in contact and at rest on a horizontal surface. A

650 N force is exerted on the 80 kg crate. If the coefficient of friction is 0.20, calculate ~
A) The acceleration of the system (+1.46m/s?)

B) The force that each crate exerts on the other. (376 N)

650N 8o ’K'O
9
Rg

v

s ¢ /7 /1 7 7y 7S s o

/(A:O,ZO

13. While standing on a horizontal frictionless surface, two students push against each other.
Angela has a mass of 38 kg and, during the push, is accelerating east at a rate of 0.60 m/s? If

Bob is accelerating west during the push at a rate of 0.75 m/s?, what is his mass? (30 kg)

14. While standing on a horizontal frictionless surface, a 65.0 kg student pushes against a
wall with a force of 148 N west for 0.250 s. Calculate the velocity of this student at the end of
the 0.250 s. (0.569 m/s [E])
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Physics 12 — The Physics of Inclined Planes

In physics we call any tilted surface an inclined plane. As long as the force of friction is not
greater than the component of gravity parallel to the surface, the object will slide down the
surface. '

The rate in which the object will accelerate down an inclined plane depends on how tilted
the inclined plane is.

The object will accelerated according to Newton’s Laws of motion = unbalanced forces acting
on the object.

We already know that the normal force is always I '\/ \
e they

perpendicular to the surface and that we can use
COmponent of Fg - F1 to determine the normal Nommal forces are always divected perpendicula to the surface.
force acting on an object on an inclined plane.

F. is opposed to the normal force and therefore balances the normal force.

However, we know that an unbalanced force causes the object to accelerate down the
inclined plane.

F| is not balanced by any other force.




The equations for the parallel and perpendicular components are:

When there is friction or other forces (applied force, tensional forces, etc.) we need to take
those into account when determining acceleration.

The diagram shows the forces acting upon a 25.0-kg crate that is sliding down an inclined plane. The
plane is inclined at an angle of 30.0°. The coefficient of friction betweern the crate and the incline is
0.220. Determine the acceleration of the crate.

A 3.5 kg object is accelerating down an inclined plane inclined at 40.0° (with the horizontal) and
having a coefficient of friction of 0.415. Fill in all of the blanks.

= ——— N A B ———H
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Inclined Plane Assignment — Draw a free-body diagram for each question.

/1. A 445 N box is sliding down a frictionless 25.0° inclined plane. Find the force (component
of weight) that causes the box to slide. (188 N)

2. A 325 N box is sliding down a frictionless inclined plane. If the incline makes a 30.0° angle
with the horizontal, what is the acceleration along the incline? (4.91 m/s? down incline)

“3. A 275 N box is sliding down a 35.0° incline. If the force of friction acting on the box along
the incline is 96.0 N, what is the acceleration of the box? (2.21 m/s?)

V4. A 435 N box is sliding down a 40.0° incline. If the acceleration of the box is 0.250 m/s?, what
is the force of friction on the box? (-269 N)

/5. A student pulls a 125 N object up a 23.0° inclined plane. If the coefficient of friction
between the object and the incline is 0.180, what force must the student apply to pull the
object up the incline at a constant velocity? (+69.5 N)




+%6. Two blocks are tied together with a string as shown in the diagram. If both the pulley and
the incline are frictionless,
A) What is the acceleration of the 1.0 kg block up the incline? (+4.9 m/s?)
B) What is the tension in the string joining the two blocks? (+9.8 N)

7. If the pulley was frictionless but the coefficient of friction between the incline and the 1.0
kg block is 0.25, what would the acceleration of the 1.0 kg block in the question 6 be?
(+4.2m/s?)

8. The two diagrams below depict the free-body diagram for a 1000-kg roller coaster on the
first drop of two different roller coaster rides. Determine the net force and acceleration of
the roller coaster cars. Assume no friction and no air resistance.

Diagram A . Diagram B




9. A 2.75-kg object is accelerating down an inclined plane inclined at 26.0° (with the
horizontal) and having a coefficient of friction of 0.433.

Ffria ™

F| =

kg R : | A= WS

10. A 22.5-kg box slides down an inclined plane (inclined at 33.0 degrees) at a constant speed
of 2.1 m/s. What is the force of friction acting on the box? (-1.2x10?N)

11. A 1200 N truck slides down a frictionless plane inclined at an angle of 25.0° from the
horizontal.

A. Find the acceleration of the trunk.( frictionless) (+4.16m/s?)
B. Find the acceleration of the trunk if the coefficient of friction was 0.300.(+1.48m/s?)

12. A 200 g pen placed on the cover of a book just begins to move when the cover makes an
angle of 41° with the horizontal. What is the coefficient of static friction? (0.87)



“13. A car weighing 1600 N is parked on a 32° slope. The brakes fail and the car starts to slide
down the hill. Assume no friction.

A. What is the acceleration of the car? (+5.2m/s?)
B. After it has moved 41.0 m, how fast is it moving? (+21 m/s)

/14, A10.0 kg box sits on an incline. Its coefficient of friction is 0.270, and the incline is at an

angle of 30.0° to the horizontal. Find the acceleration of the block.(+2.61m/s?)

7 15. A 16.0 kg block is released from the top of an incline that is 5.00 m long and makes an

angle of 38.0° to the horizontal. A force of friction of 45.0 N acts on the box.
A. Find the acceleration of the box. (+3.22m/s?)

B. How long will it take the box to reach the bottom of the incline? (1.76s)
C. What is the coefficient of friction? (0.363)
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Physics 12 — Inclined Planes and Tension Name:

Now that you understand how to determine basic forces and acceleration on an inclined

plane, we will now add systems into our observations and calculations.

Recall:

Example Two:




Assignment Questions:

1. Find the acceleration and tension for the following frictionless system.

m\°

(+1.32 m/s? +25 N)

2. Find the acceleration and tension for the following system.

(1.44 m/s? +67 N)




3. Find the acceleration and the tension for both strings for the system.

(£3.02 m/s?,+61N, +19N)

4. Find the acceleration and the tension for both strings for the system.

(+0.130 m/s?, +50N, +18N)
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Physics 12 Name:
Lab - Velocity and Acceleration on an Incline

Theory: According to Newton's law an unbalanced force results in acceleration. Therefore,
an object kept on a frictionless inclined plane will move down the plane. We
experience this first hand while skiing downhill or bicycling down an incline. We
know from experience that steeper the slope, the faster the acceleration. However,
you may wonder if the acceleration is similar if you were twice or half as heavy?

Purpose: To determine if there is any dependence of the mass on the acceleration due to
gravity by calculating the acceleration due to gravity on different masses rolling
down an inclined plane.
To determine the effect of changing the angle of incline on the acceleration due to
gravity on a mass rolling down an inclined plane.

Materials:  Cart, masses, meter stick, stopwatch, ring stand.

Procedure:

1. Configure the as shown in the diagram below. Set the inclination of the track to

approximately 2.0°, but measure h and d to determine the angle 0 accurately. (Note that
the inclination of the track is greatly exaggerated in the diagram. The experiment will
work equally well at larger inclination angles but you may encounter more difficulties in

timing the travel using the stop-watch.)

.\
v

2. Place the cart on the track at least 80 cm from the end-stop. Try a few trail runs to see
cart behaves as you allow it to roll on the incline. Do you observe that the cart starts from
rest and the speed increases and appears to have its maximum velocity just as it collides
with the end stop?



Next use the stop-watch to measure the time the cart takes to travel the distance (d) down
the incline. Repeat your measurements five times. Note the individual times and the
average time in your data table. Are all the recorded times the same? How confident are
you that you started the stopwatch as the cart was released and stopped the timer when
the cart collided with the end-stop?

Next, we investigate if the acceleration depends on the mass of the cart. Use the two
supplied masses and chose the same distance d as you had in your first trial (step 3).
Measure the time t for 5 trials. Calculate the acceleration directly using the formula
d=v.t+1/2at* (vo= 0) in the data analysis section. Is the acceleration corresponding to the
three masses of the cart constant?

Next, increase the angle of inclination of the track to 3.0°. You may use only the cart
itself without the additional masses. Measure the time taken to travel the same distance
(d) and record the trials and average time in the data table. Calculate the acceleration in
the data analysis section. Does the acceleration change? Repeat for an angle of 4.0°.

Draw a free-body diagram for each situation in your Data Analysis section and calculate
the acceleration on the object using the parallel component of the weight. Use a ruler.

Compare the acceleration determined by the kinematics formula and that determined by
the forces method.

Data and Observations:

PART ONE:

Data for a cart of different masses rolling down an incline at 2.0° for a distance of 0.80m

Mass (kg) Time Trials Average
3 Time

0.500 kg

0.750 kg

1.00 kg




PART TWO

Data for a 0.500kg cart rolling down 0.80m with multiple incline angles

Angle Time Trials Average
Z(®) 1 2 3 4 5 Time

2.0°

3.0°

4.0°

Data Analysis:
PART ONE:
Calculate the acceleration for each mass using d=vit+1/2at’.

0.500 kg =

0.750 kg -

1.00 kg >




Draw a diagram and calculate the acceleration based on its weight.

0.500 kg >

0.750 kg >

1.00 kg >

PART TWO:

Calculate the acceleration of the cart at the different angles of incline using d=vot+1/2at>.

2.0°>



3.0°>

4.0° >

Draw a diagram and calculate the acceleration based on its angle and weight.
Mg sing

2.0°>

Mg cos®

3.0°>

4.0° >



Conclusion:

In a paragraph, address the following. Did the change in mass affect the acceleration? Use your
results in your explanation. Did the angle of incline affect the acceleration? Use your results in
your explanation. Describe how could you use your results to determine the force of friction
between the cart and incline.



:Dgr\om\‘cs Povinciol
Exom Questions

l. A 45 kg woman is standing in an elevator that is accelerating downwards-at 2.0 m/s*. What
force (normal force) does the elevator floor exert on:the woman'’s feet during-this acceleration?

2. A 15kgblock is pushed up a 35° incline. A friction force of 110 N exists between the block
and the incline.

What minimum force;F ‘would be necessary to move the block up the incline at a Constant
spe:ed‘7 ’

5, Anobject is sliding down an inclined plane at a constant speed.

Which of the follbw‘ing represents the free-body diagram for the object?

R



A book is at rest on a desk. Which of the following statements concerning the book is correct?

The desk exerts no force on the book.

The book exerts no force on the desk.
There are no forces acting o the book.
The forces.acting on the book are-balanced.

onowe

An 810 kg dragster is being decelerated by a parachute at 2.5 m/s* as shown in the diagram.

Cord

What is the tension in the cord at this'moment?

’

G, The system of b/locks on a frictionless surface in the diagram below is accelerating at 2.0 m/s?.

a =2.0m/s?
.—%

X 4.0kg

What is the tension in the cord:at X?

B A curling rock s:travelling to the right across the ice as shown in:the diagram.

Which of the follow-iﬁg best represents the forces acting on the curling rock?

A. . B. C. \ D.

¥ / \

3. A constant net force acting on an object results in the object having a constant

oNwy

.
velocity.

momentum,

acceleration.

kinetic energy.



q. An object is fired up a ﬁj_gtjonless ramp as shown in the diagram.

65°

If the initial velocity s 35 m/s, how long does the objecf\ take to return to the starting point?

Sy
/

What is the force F provided by the rotor?

. A 15 kg block has a constant acceleration of 2.2 m/s*> downa 30° incline.

m=15kg

What is the magnitude of the friction force on the block?

. A 15kg cartis attached to a hanging 25 kg mass. Friction is negligible.

25 kg

Fa

What is the acceleration of the 15 kg cart?



13- A 15kg block ona hotizontal surface has a 100 N force acting on it as shown,

What is the normal force?

v
1

|4, An 18 kg cartis connected to a 12 kg hanging block as shown. (Ignore friction.)

18-kg cart

12 kg block

a) Draw and label a free body diagram for the 18 kg cart. (2’ marks)

N

b) What is the magnitude ‘of the-acceleration -of the cart? (5 marks)




coefﬁcwnt of friction of 0.27 between mass m; and the horizontal surface.

my =2.0 kg

| 5. Two.masses are connected by a hght string over a fnchonless massless pulley. There isa
a) Draw and labél a free body diagram showing the forces acting on mass m;.- (2 marks) |
' |

ya

b) Whatis the acceleration of mass 'm/Z ? ./ . A | (5:marks)

, - block is on a frictionless incline.

Ny
~

' Which of the following is a correct frec body diagram for the block?

3.5 m/s?

If this system accelerates at 3.5 m/s?, what is the mass m of the cart?.



18- A 35 N force applied at 21° to thé horizontal is used to pull a mass as shown.

35N

The coefficient of frictionf'betwéen the floor-and the mass is 0.15.

a) Draw and label a free b@d&gdiagram showing the forces acting on the mass. (2 marks)

b) What is-the acceleration of the mass? (5 marks)

C,

19. An-object of n{‘,a‘ss; m, is suspended by two cords conﬁected to. a wall .and to a 5.0 kg block resting
on a table as shown. -

A coefficient of friction-of 0.47 exists-between the 5.0 kg block and the table. What is the

maximum mass, m, that can be hung from the cords before the 5.0 kg block begins to move?
, (7 marks)




A0, Two objects are connected as shown. The 12 kg cartis on a frictionless 42° incline while
the 15 kg block is on a horizontal surface having a coefficient of friction | = 0.23.

m; =15 kg

m, =12 kg

frictionless

Determine the acceleration of the system cf masses. ’ (7-marks)
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Physics 12 — Forces Assignment Name:

Draw a free-body diagram labelling all forces acting on the object and the direction of
acceleration. SHOW ALL OF YOUR WORK AND A FREE-BODY DIAGRAM FOR EACH
QUESTION (or you will not receive full credit for each question). *This will be handed
in for assessment.

1. A 1.0 kg box on a horizontal surface is accelerated by attaching a 1.5 kg mass as shown
in the diagram. What is the acceleration of the box if the coefficient of friction between the
surfaces is 0.12? (+ 5.4 m/s?)

1.0
7/ ’ P AV A
Mp=02 15

2. Two masses of 1.5 kg and 2.0 kg are hung on a frictionless pulley as shown in the
diagram below. What is the acceleration of -
A) the 1.5 kg mass? (+1.4 m/s?)

B) the 2.0 kg mass? (- 1.4 m/s?)

L5

2.0

3. A 125N box is pulled east along a horizontal surface with a force of 89.0 N acting at an
angle of 44.0° as shown in the diagram. If the force of friction on the box is 12.0 N, what is
the acceleration produced? (+4.06 m/s?)

4. A 725 N student stands on a bathroom scale while riding in an elevator. The student
observes that the scale reads 775 N as the elevator begins to move. Find the acceleration
and direction of acceleration of the elevator. (+0.676 m/s?)

5. An 8.0 kg object is pulled vertically upward by a rope. If the tension in the rope is constant
at 95 N, what is the velocity of the object after 1.1s if it is starting at rest? (+2.3 m/s)



6. A force of 14.0 N is applied to the block as shown in the diagram. If the coefficient of
friction between the blocks and horizontal surface is 0.35,
A) What is the acceleration of the two blocks? (+0.070 m/s?)

Fc;_:_ JH.on
P

2.0 |/.0

’

AR Ay

=035

B) What is the net force that the 3.0 kg block exerts on the 1.0 kg block? (+0.21N)

7. Two students are dragging a 25.0 kg object along the hall as shown in the diagram below.

If the force of friction acting on the object is 5.0 N, what is the acceleration of the object?

(+2.2 m/s?)

2510

8. A 500 N force acts in the northwestern direction. A second 500 N force must be exerted in

what direction so that the resultant of the two vectors points westward? (SW)

9. The two forces F4 and F, shown in the diagram act on a 10 kg object. If F1 =12 N and F,
= 15 N, find the acceleration produced. (Assume no friction.)

A)

(1.9 m/s* @39° W of S)

B)

AF

(1.4 m/s® @41° N of E)

A A



10. A man pushes a 16 kg lawn mower at a constant speed with a force of 90 N directed
along the handle which is at an angle of 45° to the horizontal. Calculate

A) The horizontal frictional force acting on the mower. (-63.9 N)

B) The normal force exerted vertically upward on the mower. (+221 N)

11. A student pulls a 225 N object up a 33.0° inclined plane. If the coefficient of friction
between the object and the incline is 0.105, what force must the student apply to pull the
object up the incline at a constant velocity? (+143N)

12. At the instant a race begins, a 60 kg sprinter was found to exert a force of 850 N on the
starting block at a 20° angle with respect to the horizontal. (assume no air friction)

A) What was the horizontal acceleration of the sprinter?(+13 m/s?)

B) If the force was exerted for 0.38 s, with what speed did the sprinter leave the starting
block? (+4.9 m/s)



13. A window washer pulls herself upward using the bucket-pulley apparatus shown in the
diagram. The mass of the bucket plus the person is 65 kg.
A) How hard must she pull downward to raise herself at a slow constant speed?(+637 N)

B) If she increases this force by 10%, what will her acceleration be? (+0.98 m/s?)

20

S~

14.  Find the acceleration for the system and the tension force for each segment of cable.

T, T
13 3.2 N
kg Kg
vt 277 717 /77
m=0.190 4.0
Hg
| 3
a5
K9

(£5.03 m/s?, +9.0 N, +31 N, +12 N)






Physics 12 - Dynamics: Net Force (3F)
Recall from Physics 11:

o A forceis a push or pull (measured in Newtons, N)
e Forces are vector quantities and direction must always be indicated when solving

problems

Newton’s First Law of Motion (Law of Inertia)

Newton’s first law of motion states that an object will remain at a constant velocity (including

zero) unless acted upon by an unbalanced force.

Restated this means: An object will remain at rest or will continue to move with no change in
speed or direction, if AND ONLY IF, Net Force =0N (LF =0N)

Newton’s Second Law of Motion

YF=ma

Once the net force (I'F) has been determined, we can find the acceleration that the net force
will cause on the object. The acceleration that results from the net force is entirely dependent

on the mass of the object.

Newton’s Third Law of Motion

EVERY force in the universe occurs as one part of an action-reaction pair of forces.
Both members of the action-reaction pair:
e Acton two different objects

e Are equal in magnitude but opposite in direction

I:BonA \JU I:AonB

A B

Action-Reaction Pair

_ [ . .

Interachon caused u?[el/ So'izw ree
bhect in <) wechons .

oh each 00) s Jmn)

nae in mohon(accelere
#he aohnal ghanggy i moen (ac




According to Newton’s Second Law, the acceleration (or change in motion) is dependent on

two things: the mass of the object and the net force.
~ 2 ' )
SE=mg <F ol a (QSZFT}HT anch\’{lscae

a"oé,’_ (015 m/r)a\p and Vice
m

Versa

Now we need to remember what net force is and how to determine it.

In Physics 11, the net force was found in a single plane only. In these cases, we take all of the

forces and add them together (taking direction into account). The force that “wins” will result

in the direction and magnitude of the net force. N
o X 2.0
- — . =
Horizontally: ¢0N Vertically: o
2 g
Fq=120N 3.0 J/ o
5 3
o~

ZF=Fat pt Fot+ F ZF=Fa +F
= 20+(37) +,;¢o+(?-zo) F: Qg +(-39370)
ZF=+I3N ZF==I0N

The net force directs the acceleration: The net force directs the acceler;a_)tion:

ZF=43N= +d =F=-/0N = -0

The acceleration achieved depends The acceleration achieved depends

on the mass: on the mass: —

2-‘:: "Y)-a7 éF: mﬂ__) o

;5_:(2 0T 3 ~10=(30a=-33m/s
a="Tp5mls |

Net force can also be found as a resultant force when there are unbalanced forces acting on

the object in two planes.

—'1'00 N
‘—?

V5oNs Resulfont - = F
Force



A force of 7.0N east and a force of 5.0N south act on an object. What is the net force acting on

the object? 3 . 4.0
J O Add +he vectors: 2
R=\[7.0%5.0° R™~
i = 8.6 N
e G determine direchon

P

son  22F tan~(5:2)= 34" S of E
=F=8.bN 3,° Sof E

A force of 3.0N west and a force of 4.0 N 33° S of E acts on an object. What is the net force on

the object? /?@5@/3/@ ‘%’})@ \/ﬁﬁlﬁlﬁf’lﬁ,‘
I cos33(4.0)=Ry = 3.35N [£]
B,QN 5[/')33([‘/-0):Ry= 5;2/8 N [S]
e 3P Add x # Y compr nents
JON %ﬁ@#’%wﬂ
) \+335 + (-3.0N) = 0.35N [£]

Vi o + (-2.18)= Q.18 N [5]

Drow new Manﬁla: /{:mz
%SJ»N =22 N
214N %an"[%)z%{’s of £

V. zF-2aN8l’SofE

' Q)

\




Using Net Force:

Once we have determined the net force acting on an object, we can determine the resulting

acceleration by taking the mass of the object into account.

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

ZF: ma) N
'01?49 \LCP? __30.02(10.0)0
— 2
iéF::-J0.0M a=-3.00m/s

or
3.00 m/éz [5]

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 object during this acceleration? —>

P a=25-0 a=-029mls*
46 87 .
N
22K SsF=ma
T S 09)(029)

SF = —L3N or 63N W]

A force of 6.0 N East and a force of 8.0 N 21° N of E act on a 5.0 kg object. What is the acceleration

that the object experiences? _ 3 —
o & 6052/(8-0) =Ry=FYFN [E]

Zé.oN Sin2l (8.0)“-/?;/:.2.3?'\1 [N]
S5l @Y 747 60 = 135 N (E]
)/: 287 +0 = 287N [N]

6 135N o R:Jﬁ.szn.s?z
11le -
r DR =4 N

Fan™ {( 35 )= 38 Eol
2.9
=F=I4N 728°F of N




Net Force Assignment: (Draw Free-Body Diagrams for ALL problems)

1. A force of 4.0 N East and a force of 3.0 N East act on an object. What is the net force on the

object? (7.0 N [E])
] \J ON SF-=y.0+30 = Z0N/[E]
’2.0N

2. A force of 6.0 N East and a force of 4.0 N West act on an object. What is the net force on the

object?(Z.Ol\;,[E]) SF- 6,0"’("4.0) - 4).0N
g v or
S e
] 2.0N[F]

3. A force of 2.0 N East and a force of 5.0 N South act on an object. What is the net force acting

on the object? (5.4 N 68° S of E) g: /5 0% +2.0% = 5L/A/

E:’j)iw %ﬂh‘/{%%> =66 °Sof F

%) VIR sy N 68°Sof E

4. A force of 2.7 N East and a force of 3.0 N 25° N of E act on an object. What is the net force

acting on the object? (5£N77°EofN) COSQS@-O):‘ R,( = .72 N [E]

0
5 5;n25(3.0)¢/?.,: LA N [N]
JFN

Y Q. F +RIX= 5.42 N(E]
Vi J2F+0 = 127 N (N]

5.42 N N R=[542%+127"

/.171;/; i =5 6N

) Far™ (5:42) = 37°Fof
ZF=5.6N 72°Eof N ’ /-z';‘>~ N




5. Forces of 4.5 N 38° N of W and 3.0 N 61° S of W act on an object. What is the net force
acting on the object? (4.9 N 2.3° N of W; without rounding in cale: 1.7° N of W)

c0338(45) =Ry =3.55N [W] cos é/(g_o} = 0= 1 45N
5;n38(45)=Ry = 233N [N] S/nbl(3.0)=Ry= 262N

Y: -355+(~1.45)= -5.ON = soN [w]
Vi 233 +(-2607 015NIN]
S~ R:ﬁ’,szﬂp 50> = 5.0N
0 — — —=

5.oN +an"[%5) = 1.7° Nof W
SFE=50N L7 N ot W

6. A force of 2.2 N East, a force of 3.3 N West and a force of 4.4 N north act on an object. What
is the net force on the object? (4.5 N 14° W of N

AN X:422+(-33) =1 IN=1IN[W]
3™ 22N JiHM o0 = 4NN
.{» 7 \l:l/\’ Rc\//,/L‘f'H,qZ o H‘SN
K\\B L{HN ‘/'ah"' %)5 1Y NO?Z‘A/
=F= 5N ' Not N

7. A 15.0 kg object is accelerated by a net force of 12.6 N East. What is the objects acceleration?

(0.840 m/g? [E]) ZF=ma _
— 2 ZF=12.6N o)a
T /2.6=015 - N
. . g.quom/s” [E]

8. A 925 kg car accelerates uniformly from 5.0 m/s to 12.0 m/s south in 11.0 s. What is the net

force causing this acceleration? (§.9 x 10* N [S]) - , 2
S sy e —0636m/s

N ‘Lo y
7 sF=(a5)(-0.63t) = —>81
ZF"" 25'7X’01N/§j



9. A net force of 6.6 N East acts on a 9.0 kg object. The object accelerates uniformly from rest
to a velocity of 3.0 m/s east. A) How far did the object travel while accelerating? B) What is

the time of the acceleration? (6.1 m [E], 4.1 s) S
a, 4.6=(3-0)a
P _ - 2
ZF=6.6N a= 0733/ [57 S

6) 3.0%= 0> +2(0739)d  d-6/mE]

) 07332300  t=ils
b

10. A force of 5.0 N East and a force of 6.7 N East act on an 8.0 kg object. What is the

acceleration of this object? (1.5 m/s? [E])

A 2[::—5,0'}'6-7: //7NF67

+5. 0N
—1 —2
! L P ZF= ma
6.7 N LN
(7= (8.0)0

a=15m/s>[€]

—

11. A force of 22.0 N East and a force of 25.0 N South act on a 4.2 kg cart. What is the
acceleration caused by these forces? (7.9 m/s249° S of E) 2 3 /\l

R:\/QZ-OZ -/~2§,Dz

ton~ (250 )= 49 °sof E

22.0

sF=33N 49°sot E

33= (42) o
o> 7.9 ms" 49" Sof E

+22 ON




12. A force of 220 N North and a force of 110 N 15° N of E act on an object. If the mass of this

object jg 12.0 kg, what will its acceleration be? (23 rrﬁs2 23°Nof E
cos/5( 110 =Ry = )Oé:/\/ [-5—7

Gin 15 (119)=Ry = 28-5N [N]
¥: 106+ 0 =106N [E]

y: 285 +220 =24F.5 N

pﬁ”% R=W ZAFIN SN N E

uan| e ﬁn-'(mé> =31 Fold N

2H4

—>
/ 971 (12.0) @
Aza%mls” 23 NotE

13. Forces of 39 N 65° N of E and 20 N 31° S of W act on an object. The object has a mass of 3.2

kg. What will its resulting acceleration be? (7.8 m/s2 1.4° W of N
(05b (gq :;/ex = )é:gN [5:7

N
’V sints (3%)= Ry = 355N [n]
cos 3l (20)7Ry * 1IN
sih 31 (20) <Ky @ 03N /s ]
X b5 H(-17) = ~0.60N = 0.boN[W]
. 35.3 +(~103)= 25 N [N]

= Re ] 25% + 060 T = 5N

' |asN %ah"(%’?)= 14° Wot N

| sp= as N Wof N
\ w5 (30)d  a = PFME 14 wof N




Physics 12- FORCES-1 Name:

A. GRAVITY

GRAVITATIONAL FIELD STRENGTH

A gravitational field is a model that is used to describe the effects of gravity. The field
strength can be determined using Newton’s Law of Universal Gravitation. /:9 Gh’) M

A gravitational field forms around every particle or larger mass and is a f‘

vector fleld in which every vector points directly toward the particle or mass.

Jorger mass = lar"ger‘#eld s/reryv‘—h
d 3:;/ ('I‘ m) (7‘ F:_g)

e disto ~ —
D O bl nases™ G g5t
b 7 (7r) (J/ F 9)

The magnitude of the field at every point is the same and represents the force per unit of

mass on any object in that region of space.

On Earth, we know that the force of gravity acts as an unbalanced force and acceleratesEa\( ";g
‘ o~

objects toward the earth at a rate of 9.8 m/s%.

— 4
e, (64051 o(59305%)
PZ

px108)% Eorth's
(6 2 ) Q——m :us(m>

Field sShrengthon = g @ N
Eor¥h

a due Fo gr’aufb = qlgm/SL

For every 1.0kg of mass on the surface of the Earth, it will be pull down by a force of gravity

of 9.8N. VA 9:_ 9.% N/Kﬁ



FORCE OF GRAVITY

From this, we are able to determine our weight on Earth which is equivalent to the force of

the grav1tyF mg mass — k
N = 9.9 Earth
(wei g‘gt) 9= 92N kg on =00

Near the Earth’s surface we use 9.80 as the value of gravity. However, it is not a constant
value. This value depends on the mass of the Earth (or other planet) and the distance from

the center of the Earth. This is seen in the formula:
F9= Gmm, asm? = gl
Tz as rT = F v

Due to this, the force of gravity on an object on the surface of the Earth will vary depending
on location. The Earth is not a perfect sphere and bulges at the equator. Therefore, the Fg on

an object at the equator is less than at one of the poles (larger distance to center of the Earth).

Weight is often confused with mass. =

Mass only depends on the matter an object 'Weight is the amount of force pulling an
contains (the atoms + molecules). object down toward a surface.

a2 Key Concepb * Key cgncap U
it doc.s not- oy wrth +his rali€S dcpe,nol/ry on >

Jocah on location (+he /nﬂfad)/y mass es
s 9=9. oon's g=1.0
Ex. Earths g ﬂ/%ﬂ moon's g=". e
B. NORMAL FORCE

The normal force is the perpendicular force that a surface exerts with an object which it is
in contact. . W

On a horizontal surface, the normal force is equal to the weight of the object. the ,D" essure
betveen the
Fn = Fy +wo surfaces

P

vertical accel = Om/s

9



On an incline, the normal force is equal to the component of weight that is perpendicular to
the surface. Fu 1s a/Wa /S roendic ulob

n is always  perpendiculal
to the surface. (forms 90°Z

Fg is always directly down
o +he swriace of the Earth

%+0 find Fy  we determing, The
1 (perpendicalar) componemL Fg
Fy=F = F9°C0s0

v
mgcos e

¢

A 6.7 kg object is resting on a horizontal surface. What is the normal force acting on the object?
Eo=Fo=mg= (4,.9)(61,8)
N2
=7+ 74N

zéb/rﬂ
by

A 7.6 kg object is at rest on an inclined plane. If the inclined plane makes an angle with the horizontal

of 339, what is the normal force acting on the object?
Fu=F, =mgcosY
- (2.6)4.8) 05 33)
= +6AN




There are many other situations when the normal force is not equal to the force of gravity,

even when on a horizontal surface.

; N
E=-iiN 4 Fn=126N N\
- -

o = N YD) Fie= (Pt )
: T

| | 47T

y\;:.—ISN W:“lSN

* [y is _grem‘er +han weight  « F is less than weight

‘ ' lies
(Fy) as i supporls thefg*Fy !;%co&%\?mﬁ) rope supp!

The normal force is also referred to as “apparent weight”. This is due to acceleration of an
object on a horizontal surface [up] or [down]. Due to inertia, an object will want to stay in its

previous state of motion.

When accelerating up, the object will push into the surface below as its inertia maintains its

previous state of motion until it is overcome by the unbalanced force of the accelerating

Surfacebelow"\i’;“ The S(ﬂf)%lCeﬁ are. \‘P\ASl’)ﬂd 7/
r -+
Ta ‘fOﬂ@H’le (MOf%rzs'fs'\lﬁ.Q normo,l)
Fu > Ry —>m-g remain the same

N
fo calcwlale m

When accelerating down, the object will pull away from the lower surface for the same

reason as above. ( EX. d y’DP Y ;d{,)

{14

surfaces are " pulled” opart
JFB = {eéspressweﬁun nomm/

Fu L Fg > m:g remoin the same
ma= Fn 7“}:3




When moving up or down at a constant velocity, the forces acting on the object are balanced

and the object maintains its state of motion. This means that its weight is the same as if it

were at rest. (In both cases, the forces are balanced = no change to state of motion)

o
l

9

o Verhaal
SFE must =0 N

> so forces must
bc balanced

Vertical Motion: (’( n Fa
o
1. With Faor T: ZFzma=Qad+Fg ,‘\a
@ must be nya#ve
as it /S n the oppOS;/f— v Fyg

direchon 40 Fa

A 1200 kg rocket is launched. The engines have a thrust of 1.65 x 10° N. What is the ?cket’s
acceleration? (Fa) T Fa=+1.5%10° N

ma=F +F |
(1200)a)= /,(05)005-4'(:? o) To]
; VFy=(1200)4.9)

a=+128 mfs - T =1, 760N

(+ () |

2. With Fx: 2 F = ma = Fn+ Fg

He”

opPPY | on®
rech” E
A 100 kg man is standing in an elevator on a scale. What would the scale read when the elevator is
accelerating upward at 3.0 m/s?? Fu =7
ma = Fu Ta=+3.0
(100X 3)= Fy +(-940) mio?

Fu=+1.28x /03/\1 Fg=-9gON



Forces Practice Assignment — Complete the following showing all work and with correct

free-body diagrams.

1. A 2.3 kg object is resting on a horizontal surface. What is the normal force acting on the
- o
object? (+23 N) N . FN - F‘-9
‘ a=om/s
Fu? +23N

( 7(q 9

2. A 5.5 kg object is at rest on an inclined plane. If the inclined plane makes an angle with the
horizont&kof 43¢, what is the normal force acting on the object? (+39N)

Fu =1« mgcos®
xS :(5.5)’%_6)60\{49
0 ':-‘/;3_1‘7__6}

3. A 10.0 kg object is at rest on an inclined plane. If the inclined plane makes an angle with

the horizontal of 14.09, what is the normal force acting on the object? (+95.0N)

Fn® Mjcw © = (1002 5)(cos /4')
~ +95.0N

4. An 55Kg passenger is travelling in an 799Kg elevator. The apparent weight of the

passenger is 700N. Is the elevator accelerating? If so in which direction? (accelerating up)
\:ps’]'O'ON ' -
& Fu> R acceleraring up
Fy? (51 .sl
=-G5 M

5. While on a ride at the amusement park a 33.0Kg boy feels as if he weighs only 203N. What
must the acc at1on of the ride be? (-3.65 m/s?)

&1 ma= iy * g
o (330)a= 203 +(-323)
e G=3usm/s




6. A 61Kg passenger is travelling directly upwards in a helicopter upon take-off. If the

helicopter accelerates at a rate of 3.4m/s? what is the appalent weight of the passenger?

(+8.0x10°N) ) mao = )Z-;\, 7 g
(o +34) =Fu+ (- 598)
Fu=+9.0x 10> N

7. While accelerating during take-off in a rocket, the 65 kg astronaut feels much heavier than

normal. If he is sitting on a scale, he would calculate his apparent weight to be 1090 N. At
what rate is the rocket accelerating? (+7.0 m/s?)

e #1090N
al v (65)a = 090+(~637)
Fj”(‘s)(,q(;?"}ﬂ ZT‘-‘- 7.0 M/Sq_

8. Two masses that each have a mass of 10.0kg are sitting 10.0m apart. What is the
gravit‘ational fielii strength produced by the masses? (6.67 x 10! N)

‘ . Fy= Gy, = (64715 )0Xe0)
P

/O
d"IO 7_3

I

6 L7107 A

9. A 68 kg mass is sitting on the surface of the moon. If the moon’s mass is 7.35 x 10 kg and
its radius is 1.74 x 10°m, what is the force of gravity actl on the 68 kg mas ?2 (110N)

| Fo=Gmm, = é LFXIO 2735“0 )[é%)
(9 e (1741107
d=(74ui0m = LMD

10. What is the weight of a 15.0 kg object on the surface of the Earth? (-147 N)

Fg=mg=(5.012.9)= ~/17N



11. What is the mass of an object if it has a weight of 110N on the surface of the Earth?
(11.2kg) Fg=mg 110=m(9.8) m= 1.2 Kg

12. An object of mass 10.0 kg is subjected to the following forces: 25.0 N due east. 50.0 N at an

angle of 53.0° N of E, and 40.0 N due west. What is the acceleration of the ob]e t7 '\/4 27m 'F

69.3° N of E) cos 53(sp)= Ry =
53(s0)=Ry * 3‘7 9N north

Sin
oN
. oo Ly &5.0N ¥ [—-HO)—’ /5 INeast
= \b Xt 20.] #25.0
N - A YO T & 339 = 39.9N m
R// 39.9n [39.92 +15.17 = 92, #A2E
. +m ’(,—é’-?)’é% Nof E
VA LN

150N ma

0.0 Q 7[‘E

42 ?.Z/
a:4 17mls @ 67.3° N o

13. You are standing on a scale in an elevator, the scale reads 450 N when the elevator is at

rest. The elevator begins to accelerate upward at 9.00 m/s*. mass @ re .S"'
450+9.9 = #5.9K9

a) What is the new reading on the scale? (+863N)

b) Suppose the elevator was now accelerating downward at 9.00 m/s?. What does the scale

read as now? (+36.9N)

Q) ma = Fnt F

(45 9(+9) = Fa (-1
Fry =+863 N Fu =361 N

14. You push down on an 8.0 kg object with 44 N of force. What is the normal force exerted

by the horizpntal table surface that it is resting on. (+122N)
= /22N

| F=#22 N
l ==
V=381




15. A rope tied to a 5.0 kg block is pulling up with a force of 38 N. What is the normal force
acting on the obje\gt from the horizontal surface below? (+11N)

X\\
< 39N FJ\/ =+l N
i

Fg:—-‘f"l

16. A 55.0 kg person is riding in a hot air balloon and a scale aboard shows the person’s

weight to be 549N. Determine the acceleration of the balloon (magnitude and direction).
(+0.182 m/s?)

a = Fy 15
gho 0,:5';’0,1.(,-?30;)

o =0 192 mfs

17. A 12.0 kg object is thrown vertically into the air with an applied force of 145 N. What is

the initial acceleration of the object? (+2.28 m/s?)

Faf*‘%"‘ ma:/‘-; "'6

i —y_
! Fj:’“?:(ol\l (/Z)(a) = /#5'+(~ /17 é> a = +,‘3,)/§29

18. A 15.0 kg object is thrown vertically into the air. If the initial acceleration of the object is
8.80 m/s?, what is the applied force? (+279N)

q:/,\ Fo=" (/5-0X+3.30): 71:@ +/’ /47‘)
980 gl F= 7939 N



Physics 12 - Forces-2 Name:

C. Friction

Frictional Forces are forces that always oppose motion. Recall that the frictional force

depends on only two things:

e The normal force acting on the object ( pressure AC/W - Swr Ac f5>

e The nature of the two surfaces (indicated by the coefficient of friction )

Frictional forces DANOQT depend on the area of contact between the two surfaces.

_ same Fy 4 yz
N [4g N
//f; ]\FN AN / 7& /M ﬂ/'

T
N vFy

There are two types of friction: Sliding (Kinetic) Friction (ux) and Static Friction ()

Static Friction refers to the friction force that must be overcome to start an object moving,.
This is always a larger frictional force that Sliding Friction which refers to the friction force

that must be overcome to keep an object moving.

When an object is at rest, it wants to remain at rest (inertia). When an object is moving, it
wants to remain moving (inertia). This is why it takes more force to get an object moving that

to keep it moving. Hence, static friction is greater than kinetic friction.

us> e coefficient of
coef‘-ﬁ-c:c,nfOf; kinehc frichon
stahc frichon

A 7.6 kg object is being pulled along a horizontal surface. If the coefficient of sliding frzctzon between
the two surfaces is 0.20, what is the force of friction acting on the object?

P EL\ M a
2 R =(020(76).9)
el :/7;/_51\-]
#:'chan 74prce, oPPRSLS movlv'on

/ ) <
Vas'™y -20 f_:g



A 7.6 kg object is pulled up an inclined plane. If the inclined plane makes an angle with the horizontal
of 339, and the coefficient of friction is 0.20, what is the force of friction acting on the object?

;:;f._

*Caleulade. FN MﬂCOSEB =62 N
77775-&(0.30}’62) =—/2 N

D. Applied Force or Tension

Recall that tension (T) is a force applied through a rope, cable or string. The tensidn ina
. : o . - .
string or rope pulls in bogw d?rec’aons with the same force. a wi /, be 4 he same
—_—
for all masses
: k— . d==ZF forsystem
fotal mass

As always, we draw a free-body diagram to indicate all forces acting on an object.

An elevator with a mass of 9.00 x 102 kg is accelerating downward at a rate of 1.30m/s?. What is the
- tension in the cable?
=7 ma = [ + F

) (i (G00}~/ 30) 7’+/ 5820)
~a/.zowl t B, TE1FEXNON
m{s l/ ’(qoo ’Poﬂ
fy7, - °

An object that has a mass of 25.0 kg is pulled along a horizontal surface with a force of 95.0N. If the

coefficient of friction between the surfaces is 0.34, what is the acceleratzon of the

; s (1.9

ﬂj@‘r’? 7=795 .0N o =T+ ;_"93“5’\1
B
© /250)0: %754-[‘“87’3)

¢ /I 7,7 d 7 7 7 7
L
=03 J/Fg =4p. 4-'77-m/5



An object that has a mass of 45.0kg is pulled along a horizontal surface by a rope that makes an angle
of 32.0° with the horizontal. If the coefficient of kinetic friction between the surfaces is 0.150, and the

—

s

208 ﬂ,ﬁ qo?"‘

o vz

e 4

tension in the rope is 95.0Ngy what is the acceleration of the object?

@) =],,=80.b N

7= %\w (o- iS@YS‘") )

(LISOa 60 bH{-553)
0| +O-48F mls*

Two systems of masses are connected as shown below. Determine the acceleration of the system, and

tensional forces along each segment of massless string.

a) T'TO

‘1}-{0 _
)

+ 2.5

z’f—Ff-/f}
(+ﬂ>(>

= +—(#.0Xa.%
_(55; 52,(2-?) 39. 2% = I’-I.?>3

g = I'-I.? = 1 155 m/.sz»rl
9.5

‘' ma = 7" +F ]'4.0 ’Ya

(4.,)[155) =T,+(-39.2)
e

T mao = /2

(5¢X /55)=

]24—( 53 qB\ &’0\
T, ~+4SN

X

A a’
(F‘\: 2.1 TB H,1 | Tl
= %o K9
Colis T T T T J/a
3.0
R
=F = 6 7 F;c
() (=)
=(3.0)(9.5) + (OIIS')(é 2)(98)
— A.UN
;:M -—tgqq IY)/S
.9 ‘\Tl
‘T;; ma = T-I + F 3.p ¢G
A (3.0(24)=T, +Ig~;q4)
-\& 7, =12 ijg
Mo masTirh b
(6.2)12 ) = T o) S
T2 “""2-2N (—'-‘F__B‘Eg
T:ma= T;+Fg 121]”
o?’_’zqq 7—=+[ 2.17 F,c (OI/
(73&1.5_) ) e,

T2:ma = T’f'F 2
j@;{ 1S9=T,9(—au5)
) T3 =21

Ts
&0\
2J4.
9 N

e



Forces- Friction and Tension Assignment — Complete the following showing all work and

with correct free-body diagrams.

1. A block of mass 4.0 kg rests on a horizontal surface. What horizontal force is required to

accelerate the block at 5.0 m/s? if, a %’.’FN =
7 LA
a) There is no friction? (+20N)
YFe
b) The coeff1c1ent of kinetic friction ig 0.25? (+30N) 25 af —
= Fa L) q =i Py
) m T ¢ ; =(} o,?SXUYQJ)

Qma =Fa +Ff (403(5) Fm-(——%) = =98N
fa=+70 N

2. Two boxes are connected by a cord on a horizontal surface. A force F pulls on the blocks as

shown in the diagram. Find the acceleration of the blocks and tension in the connecting

cord if, A ,( 0 'lq A,
a) The surface is frictionless? (+3.0m/s?, +75.0I>I) 49 N FL TS T:"? F=120N
=" -—91:/5 e —
b) The coefficient of kinetic friction is 0.20? Kg K9
(L. 0m/s?, +75.00) b) zr‘ =120+ ( (o- 20)(40)( 7-5)
)fF—IZO-I—O 120 = 46N
a T (i
o= =130/s” 41 Io 11.04m/s

mO_ '+F

+ m T+-F T=75 N
(25)(30)z T +0 T=2Z50N (Qs)(o‘mﬂ £, 40)

3. Traveling at a speed of 58.0 km/h, the driver of an 800 kg automobile suddenly slams on

the brakes. The coefficient of kinetic friction between the tires and the road is 0.720. Ho far

F& ch_s thﬁ. car sk1c§) b‘edfore C%ngéto a stop g,lgnore air friction) (18. 4m) Sijﬁz:”/l;
J Fa 0°=16.1 “42 (<300

A (600)a = 0 +(- 54,45) o
oo €9 7 o= -7.06mls> ol“ 18.9m

F+\ ( 0 ‘)20}800)(’) 83



4. A 250 N block rests on a horizontal table. The coefficient of kinetic friction between the

table and the block is 0.30. What force is requiredatp Opull _the block at a constant speed if,

m/s - = SN
. £ W sF,  F-(0:30050)= 77
a) The rope is horizontal? (+75 N) é’:—’ ﬁ:—} a Fa - 76 N (bo, bt @00
b) The rope makes an angle of 252 above the horizontal? (+72.6 N) <o
e AN Gl e AQ
S o =50~ sinas(R) c0525= (03 OXSD—SINH
- 2 = (9.30(250 ~5in35(%.) Fa
\l@;;so f X o= 306N
5. Draw a diagram showing the forces acting on each object, and label the forces with
appropriate symbols. Ignore the mass and fpi__(_:)tion of the pulley. o
a) a = T = T
Ay e
@7 m, R AN KA N
= 7 7 " ‘
T T
b) a
l O'T m, J/ /]
My, Fg € 9
aqa
) My lo‘ T 3 -
77 F
7 VAV J' (7] ‘Pé. 5
7'—1_7_1""; i :;

F9



6. Find the acceleration of the system and the tensional forces as labeled in each of the

following;: (ignoregir friction and friction of the pulley)

<) éF:Iiﬂ‘f'F?c

Wi gg (v) (=)
L ECHE ' 7o =(15)(a.3) +f-(o,/b)(/3Xq.8>>
T, =124 N
T = \l,o\ /Zgo N = [2” _2‘.”7"/3!’0/5
) ag
FY JFo o, -
-7—'; F@“ oi é = /2
ma= T‘*‘F g 2 50 +4'~[}>T+(‘ZXZ>
(15X-4. 43) T,+(v'477 X y
T = +8IN F (DI%YEY"? X) T,=#3IN
(i4.43rf’1/sz, +81N, +31N) = =§-82N
) 2F=Fy* B ~sXn 9)+(4.5X2-8)=19.67
. %) ()
' “_ﬁ..!cz. =2 r?fa mls®
40 [l T _
- v 2 (‘/ SX1. ?‘3) l""(“'HD

ke U‘ (a 5)(»/?3) 2T, +-24s)
F5 (-;WSN\ T, =+A0N

7. A 20.0 N object is placed on a horizontal surface. A force of 3.0 N is required to keep the

(+1.78m/s?, +52N, +20N)

object moving at a constant speed. What is the coefficient of friction between the two
surfaces? (0.15)

a=0ms” ¥ oN ZF: OM
r’SON F'J ¥%3, 0"j

Fa"
F-F/ ‘+‘\4} ;:7'[ /MF/\/
y:aﬂlt)"” %,0=M (?—03 M= O.15

'



8. A 17.0 N object is pulled up an inclined plane. If the inclined plane makes an angle with
the horizontal of 44.0°, and the coefficient of friction is 0.300, what is the force of friction
acting on the object? (-3.67 N) _
700 Fa :(/;,a)c0544 =+ 22N
¢ wel: ,
Y Fa=aF =[0 3ODX/2«2> ==3.bFN
F); 2= =L
& Fy - r-? A 0 N

9. A 23.0 kg object is pushed with a horizontal force of 25.0 N east across a horizontal surface.
If the force of friction between the two surfaces is 12.0 N, what is the acceleration of the
object? (+0.565 m/s?)
£y ma= Fgq + Fr

o - N 2
QP g, = 4250 _ "é‘ 59—10 565, /7’)/.5
&% ( =25.0+FH?2.0 =
< I? A 3 0/ o
VE

10. An objectgis pulled east along a horizontal frictionless surface with a steady horizontal

force of 12.0 N. If the object accelerates from rest to a velocity of 4.0 m/s while moving 5.0 m,

hat is tt s of the object? (7.5 k 2
what is 1em;s e object? ( g) 402:0 +20l (5‘())

7?90)\1 1 Faz12.0N @ =t.6m/s"
—L{I . m(e)=1.070
m=+5 kﬂ




11. A 12 kg crate is pulled along a horizontal floor by a force of 60 N which is applied at an

angle of 282 above the horizontal. The coefficient of friction between the crate and floor is

0.32. N

‘f’ojb_o_” LOoi: COSQX(‘O)

12 kg Fx=? =h350 N
SO EY
a) Find the magnitude of the normal force acting on the object. (89.4 N)
b) Find the friction acting on the crate. (-28.6 N) 12\
:‘i’;g N
c) Find the acceleration of the crate. (+2.03 m/s?) 1\ R
a) ‘{Z?f F‘F’q Fy= 51n3(e0)=28-aN l[
FN: [’7,(0“9.3‘32 Xﬂqu
= Fg=~11F JoN

b) Fp=mFn=(0.32)814) = 2361
o7 f

ol 53.0N
. Fp= 22 _
< > ma =[5 + 7
| 12 /12.0)a = 53 +(-28.4)

T v
_5):3.03"’\/5




Physics 12 - Newton’s Third Law of Motion

A force is a push or a pull upon an object which results from its interaction with another
object. Forces result from interactions. According to Newton, whenever two objects interact

with each other, they exert equal and opposite forces upon one another.

For every achon (force),+here

This is stated as:

/1S

an equal and oppesite reachon (Force)

For example, when you sit in a chair, your body exerts a @ Fehair an body

downward force on the chair and the chair exerts an upward
force on your body.

Faody on chate

There are two forces resulting from this interaction — a force on the chair and a force on

your body. These two forces are called action and reaction forces.

The statement means that in every interaction, there is a pair of forces acting on the two
interacting objects. The size of the force on the first object equals the size of the force on the
second object. The direction of the force on the first object is opposite to the direction of the (dh,

force on the second object.

Recall that in order to be an action-reaction pair, there must be two

s

For example, while the normal force is equal and opposite to the’

force of gravity on a horizontal surface, this IS NOT an actjon

not 2w

reaction pair as both forces are acting on the same object.

However, if we look at the interaction between the object and \
the surface below it (table), there is an action-reaction pair.

= Nchof
nTab le
Faor 0
Newton’s Third Law can be illustrated and solved using free-body diagrams and
mathematics:
Formula: —_ Free-Body Diagram:
A8 = Fp-a

o gok . _




However, just because the magnitude of the forces acting on each of the objects is the same,
does not mean that the resulting motion will be the same.

Example — A linebacker (ma =200kg) runs into a gymnast (ms = 40kg) by accident.

_ As ‘H\@i collide,
- %‘ eacheXefts a
force. on+he ofher:
Mmy=260  My=Ho
Kg %9
The. linebacker exerts :F BOON +p Hhe (igh
on the \,mnaSJD

The qymnost exefts ¢ =300 N fo the leH

on the linebacker

What happens as a result? BD‘(’h W ll ‘ 6)(, PC” 'Ch (,6 a D
accelerahon

The Linebacker’s acceleration - F*- ma _—800 (LO O) a
a=-U m s>
The Gymnast’s acceleration - E M O _,_g O’O C%OB q
Same F but ditterent G
— ' ON Mass.




Feitnony®™
Gravitation: You Attract The Earth! g

Foy ot on Earth
Fg you on Earth = - Fg Earth on you

But the acceleration that you produce on the .
Earth is very, very small. ' 5\{_0 (\}&?
: \
_ \}‘O\Ar W%ﬁh‘)’ ~ lo,zz m/sz <@Q g(\@‘{é‘ )
B - ~ LU L
Eavth's mass KO\\\ \ @x\ix\
o

Two blocks of masses m and 2m are pushed together along a horizontal, frictionless surface
by a force F. The magnitude of the net force on block B is:

A.1/3F
C.F if__,, A A
,Sx/s%ﬁm; x-gmg 50 mﬁzgf or m&ﬁéﬁg

(mw%z_m33Fﬂ> | |
Block B: ﬁEé;Zm%‘léﬁ or @2/3 F'

Block A: ZFy=ma f:ééf or 1BF

+he same

The magnitude of the force on block A by block B is:



While a football is in flight, what forces act on it? What are the action and reaction pairs while the
football is being kicked and while it is in flight?

Forces = 9ravi/\/ 3 air [richon
Achon—-Reachon Palirs :® O

/1\ Fba,ll on Earth

() Ear+h pulls down on ball,
Ball pulls up on Eafth A Egahon Bal

fa=—Fg

@ Ball /)ushes air forward -
fhr ,Dms/ws ball backnord Air Ball

Fo=-Fa

A 3.40x108 kg rocket is travelling east along a frictionless track at a velocity of 14.0 m/s. The rocket
accelerates uniformly to a velocity of 20.0 m/s in a time of 1.10s by the expulsion of hot gases. What is

the force in which the gases are expelled by the rocket?
'F'sqs onair Fair ongas
a4

F=-Fe o>
_ N
m,a) = =My,
Vo *© l"f.Oh’)/
vE © 200 m/s a=20-14 g-= S,ngm/sz F/ =m,a,

i .10 = (3400)(5.45)
£ 1.I0S =/8,530N

1) [{}

. *HAD STORPED
Cl AT TWE L,




Assignment: Newton’s 3rd Law and Free Body Diagrams

Part I: Free Body Diagrams

L

ime: 2.5
Time: 2 Motion of the Block

% =43.75

An 8-kg block is pushed across the floor at a constant speed.
1. Sketch a possible free-body diagi‘am for the block:

ek & o

<

.Y
< 7

P
=

2
2. What is the acceleration of the block? O :m) 5

How do you know? C0n5+0n+ gpeed /l’)O\) anc eol 7((\)“-6.5

3. Therefore, the net force (sum of all the forces) in the x-direction = c ) N

4. Similarly, the net force (sum of all the forces) in the y-direction = O N

Consider the forces in the x-direction (horizontal forces). Consider each of the four
possible free-body diagrams below (each diagram is above the block). The length of the
vector represents the magnitude of the force.

Time: 3 Time: 3
fme Free-Body 1 (X axis only) Free-Body 2 (x axis only)

i Time: 3 Free-Body 4 (x axis only)




5. Only one is a possible free-body diagram. For each one, indicate why it is oris not a

possible force diagram:
Horizontal components:

Possible force Reason:

diagram?
Free-Body Ix No wonld be accel. +o righV
Free-Body 2x NO “ e
FreeBody3x | Ao would accel 4o left
Free-Body 4x Yes bolanced frces =0 m/s*

6. Vertical components:

Time: 3

Free-Body 1 {y axis only)

Time: 3

Free-Body 2 (y axis only)
i

R A R B TR T

Time: 3

Time: 3

Possible force Reason:

diagram? . 4
Free-Body ly No accel aow’
Free-Body 2y No accel up
Free-Body 3y Mo acel do!',\/n
Free-Body 4y Yes balonced = Om/s*

7. Based on this, sketch a complete free-body diagram below:

Fu

€f
L/

[

_+,/——>

7
or:OF?Y\ls2




7. If your weight is force created by gravity on your body, and therefore is the Earth

v
pulling you down, what is the reaction force? ?u( up ‘7{"“4,‘
you Pwlling wup on | s down
EaW® \s -
the Ear: 7% on'®
8. There is nothing in outer space for rocket exhaust gasses to push against. How then

can a rocket accelerate in outer space?

the rocket pushes oul the gases and the gases
push back on +he rocke? ey

9. No matter how hard a horse pulls on a cart, the cart must pull back with exactly the
same force according to Newton’s Third Law. How can a cart pull a horse? (For this
question assume the horse and cart are on level ground.)

Exerts an equ al £ opposite reack o
force il wheels decreosethe 7£orce
heedead 70 do work (accel the w0j0w>

10. A bug splatters on a fast-moving car's wihdshield. Is the force on the car from the bug
the same as the force on the bug from the car? Explain.

-F2| R mass ;5 5b7l>'n7 77 C__Dmpﬁ/;ﬁpﬂ a/@
) car tha accelerebon s @«)ﬂm&_ly

high ( very high impulse causes olama

4Ap=mD

11. Three blocks on a frictionless horizontal surface are in contact with each other. A force of
100N is applied to block 1. Each block has a mass of 10.0 kg.

A) Determine the acceleration of the system. (+3.33 m/s?)

B) Determine the force that each box exerts on its neighbor. (F1->2&3=+67N,F2->3= +33N)

2 .
A) ZF= ma / 3 fg=oN
100+0 =304 FlooN / ;
>| 10.0 | 10. /0.0
F=+353mls” 2 L9 | X9
B) Fi-113 =ZF=(20)(3)
“+67N

Fyay ZF=(10)33)
=4335N



12. Two crates, of mass 80 kg and 110 kg, are in contact and at rest on a horizontal surface. A
650 N force is exerted on the 80 kg crate. If the coefficient of friction is 0.20, calculate -

, A md=TFa+ iy
A) The acceleration of the system (+1.46m/s?) }qO 4= €50 + (__ f) 2 o)(l q0X9 8»

B) The force that each crate exerts on the other. (376 N) Ol =t 46 I‘Y\/ S

@ go-211o
[10

(//O}?;,@;F +["o?'5-.€) 650N ij .

C A A A A G A A

F= +376 N F=-3368 M= O.20

90219 110 > 8D

13. While standing on a horizontal frictionless surface, two students push against each other.
Angela has a mass of 38 kg and, during the push, is accelerating east at a rate of 0.60 m/s2. If

Bob is accelerating west during the push at a rate of 0.75.m/s?, what is his mass? (30 1;5)

g)(@ Q) = +22%

nggg m( %) m= 30@

14. While standing on a horizontal frictionless surface, 2 65.0 kg student pushes against a
wall with a force of 148 N west for 0.250 s. Calculate the velocity of this student at the end of

the 0.250 s. (0.569 m/s [E]) jF: ma 2

== +z'2s"m/5
%"%%& /4% = 65.0 a

a = VF: =Vp
..t;

2.2467 % "0
0250

V= 0:567 mls

(€]



Physics 12 — The Physics of Inclined Planes

In physics we call any tilted surface an inclined plane. As long as the force of friction is not
greater than the component of gravity parallel to the surface, the object will slide down the
surface.

The rate in which the object will accelerate down an inclined plane depends on how tilted
the inclined plane is.

e / acceleradson
(\ Will be 9 reader
ﬁo/v"h(; 3%64:,016&’

The object will accelerated according to Newton’s Laws of motl unbalanced forces acting
on the object.

We already know that the normal force is always I \ \/‘
perpendicular to the surface and that we can use / they
component of Fg = F1 to determine the normal Normal forees ave always directed parpendicular to the suface.
force acting on an object on an inclined plane.

F1 is opposed to the normal force and therefore balances the normal force.

However, we know that an unbalanced force causes the object to accelerate down the
inclined plane. ‘

)

( X-(ompo nent
ot Fy

,pw’a”c/l 10
Sur f\mcc

F| is not balanced by any other force. = 7‘1)“67[0{@ { esu l _;S [n

accelerah on inthat
ditechon




The equations for the parallel and perpendicular components are:

6=m96059 /'—7/ - mgSfﬂ@

When there is friction or other forces (applied force, tensional forces, etc.) we need to take
those into account when determining acceleration.

'

we. sh /) use
ZF=ma

\ ¢ =F= sumof forces
=% N '
WA o
= +
&) /maot /] A
" The diagram shows the forces acting upon a 25.0-kg crate that is sliding down an inclined plane. The

plane is inclined at an angle of 30.0 degrees. The coefficient of friction between the crate and the
incline is 0.220. Determine the acceleration of the crate.

N F, = mgcos30
e L2 21N= Fu

L Fp=(o22(aa)=—4b.7 N
! F// = mg 5/“/) 30
K = [23 N

o

T Sna= FivF  a=8.05
(as)a= 125+ (-W3)  M/s

A 3.5 kg object is accelerating down an inclined plane inclined at 40.0° (with the horizontal) and
having a coefficient of friction of 0.415. Fill in all of the blanks. F = ( 2,S )[ 9 6) cos ‘QO

oy A Eomet20_n L= 9p N
2 Fii= (3.5)(a.8) 5in40
22 N
Fre(0M15)(26)= =11 N

8. e 35a= 22+ (-11)
a=3.1ml*




Inclined Plane Assignment — Draw a free-body diagram for each question.

1. A 445 N box is sliding down a frictionless 25.0° inclined plane. Find the force (component
of weight) that causes the box to slide. (188 N)
« F, = sin25.0(445) = I8¢ N

2]\
/

2. A 325 N box is sliding down a frictionless inclined plane. If the incline makes a 30.0° angle
with the horizontal, what is the acceleration along the incline? (4.91 m/s? down incline)

eS8 =F=F, = 5in3%0(325) = /63N
)
I3=332 4 7= 4.al mls™

3. A 275 N box is sliding down a 35.0° incline. If the force of friction acting on the box along
the incline is 96.0 N, what is the acceleration of the box? (2.21 m/s?)

e F,= sin35(275) =158N
\\9%
7, ma = Fy*+ Fp =22l mls
(28./)a'= 158 +(~96.0)

4. A 435 N box is sliding down a 40.0° incline. If the acceleration of the box is 0.250 m/s?, what
is the force of friction on the box? (-269 N)

» e Fpy = 5]/’)‘/0(‘1‘55)’280/\/
s SR IR
Fg=-269N
5. A student pulls a 125 N object up a 23.0° inclined plane. If the coefficient of friction

between the object and the incline is 0.180, what force must the student apply to pull the
object up the incline at a constant velocity? (+69.5 N)

cos23(125)= F,=F,= 115 N
sina3(12s) =F; =-48.8N
Fe = (0.80)(115) = =20.7 N

a= Fat F-;'- + tu
0= Fa+( fao.'-?g-*(—— 44.9)

F, 51695 N




6. Two blocks are tied together with a string as shown in the diagram. If both the pulley and
the incline are frictionless,

A) What is the acceleration of the 1.0 kg block up the incline? (4.9 m/s?)
B) What is the tension in the string joining the two blocks? (+9.8 N)

a) Fy=sin3ga.8)= = 1IN

(-)
‘(\\ ng 196N
(+)
VP =F=19.6 +/—H.‘i) =ﬁ—'i= d 491

3.0 mls
L) (a,oX*‘-I.Q)=T+ (-14.¢0)
T=+9.%N

7. If the pulley was frictionless but the coefficient of friction between the incline and the 1.0

kg block is 0.25, what would the acceleration of the 1.0 kg block in the question 6 be?
(+4.2m/s?)

¢l

F.,= c0s30(.8) = @ 4aN  Fg=(0.25X8 4q)

=F = ab+(-49)+(-242) = 1258
3.0

8. The two diagrams below depict the free-body diagram for a 1000-kg roller coaster on the

first drop of two different roller coaster rides. Determine the net force and acceleration of
the roller coaster cars. Assume no friction and no air resistance.

Diagram A

“.0> N

2.
+ 4. mfs

i1

Diagram B
6430
F = H M
RSP\ SN
z smbo(qeoo)
- BUg7 N
m=1000 kq m=1000 kq =
a=6.930  m/s/s az 89897  msess QUOT 1000’5
Fiet :__6_13__0___N Foet = 3]

Fy= cost5(1000-4.8) = +6130N

Fa = €0560(10009.8) <4900 N
(930= 10007



9. A 2.75-kg object is accelerating down an inclined plane inclined at 26.0° (with the
horizontal) and having a coefficient of friction of 0.433.
Fi=cos26.0(275-98)= 24.aN

_+ali.a

Fp=(o4B)ad.2)=~105 N
[ B Fj = sinab.0(275-9.8)=11.6 N
ZF =118 +(~105)=[.3IN

L31=aF95a
— 2
a= 0.479 mls

10. A 22.5-kg box slides down an inclined plane (inclined at 33.0 degrees) at a constant speed
of 2.1 m/s. What is the force of friction acting on the box? (-1.2x10?°N)

20 ¢t F,,: s;n33(3a.5‘-9,g) = +IoN
Ec =—J20N

&

Z=OMFB .

11. A 1200 N truck slides down a frictionless plane inclined at an angle of 25.0° from the
horizontal.

A. Find the acceleration of the trunk.( frictionless) (+4.16m/s?)
B. Find the acceleration of the trunk if the coefficient of friction was 0.300.(+1.48m/s?)

A. F;,:S;DQS(/ZOO) = 5D7N —% 2
ZfF=ma 507—"129\_(2’ 0 =Hilbimls
B. Fy= cos35(1200)=Fu = /08BN Fp=(0.300(/088)

=—=326 M
(132)5 = 507 +(-32b)

T+ 43 mls”

12. A 200 g pen placed on the cover of a book just begins to move when the cover makes an
angle of 41° with the horizontal. What is the coefficient of static friction? (0.87)

5inlll(l,%)—’— l.2a N I.Qﬂ—-/uf.‘fg
cOsh)(1a6)= 148 N=Fn =081

Fy=Fp=129N
a=o0m/s




13. A car weighing 1600 N is parked on a 32° slope. The brakes fail and the car starts to slide
down the hill. Assume no friction.

A. What is the acceleration of the car? (+5.2m/s?) é\\
B. After it has moved 41.0 m, how fast is it moving? (+21 m/s)

A F, =s5in33(1b00)= BYI N  =F=ma —> 'wogl
84a=/k3s a=+52mls
B) VFz's 7'+ 2(5.2Xq|'0)

VF: ol MZS

14. A 10.0 kg box sits on an incline. Its coefficient of friction is 0.270, and the incline is at an
angle of 30.0° to the horizontal. Find the acceleration of the block.(+2.61m/s?)

F., = cos30(ag) =84aN  F.=(0.270)(e%.9)
5m3o(6!9) 49N = "2QA2.IN
(,oo)a‘~ 49 +(-229) @ =+2.bl m/s>

15. A 16.0 kg block is released from the top of an incline that is 5.00 m long and makes an
angle of 38.0° to the horizontal. A force of friction of 45.0 N acts on the box.

A. Find the acceleration of the box. (+3.22m/s?)

B. How long will it take the box to reach the bottom of the incline? (1.76s)

C. What is the coefficient of friction? (0.363)

© o NIbod=abs (15, o) Fir~ sm3$(/b 9.%)

=9
o a=322ml5 o>

30 ? p)500=0 * -j(z.n)tz’ t=1.7bs

¢) Fy=Cos38(16-9-9) = 134N
'7‘5.05/4,11)‘4 M‘O'%}



Physics 12 — Inclined Planes and Tension Name:

Now that you understand how to determine basic forces and acceleration on an inclined

plane, we will now add systems into our observations and calculations.

—>
Recall: g = -4 r:

Motz
+) (= &
¥ ad
makjfﬁ;& DP0OSES
fnove %ﬁdoﬁwskm

ZF=24.54(-F.6)7 (1.3
—’/2249/\/( y(-13) }§9~QS)(‘7?9 aus N

(3.0(a.8)sin)5 = F.bN
=, = (3.00.8)0sIS © 28.UN= ;

I mw (2(-239 =TH-243)| Fp= (0:15X294) = 43V

1S

ae +2.3mfs”

W TN

Em@fm°¢ J =(1.5)(1.8)=M.7n
= }:9 (5 0-9. g)sln;lO [b- SN
1@5 U= (0.0 {db)= OHLN
F - (5,0'6,%)(0510‘%'\,
j*F/l + Fp
) (+) &)
= bL{N

FE s 0,25 m)s”
é, -




Assignment Questions:

1. Find the acceleration and tension for the following frictionless system.

_5‘02/9’3)7 &qu ~
g,ﬂfs)rw(»/.o"a §)=20-aN ZF=Fy*+ Py

(+) (=)
11 = 9.4 +(=20.3)
' = 9.aIN |
a=92al =+ 1.32m)s
| F9 70
T=+25 N

T: ma=]+F
/3,0X—I.32):%+ (”M"D

(1.32 m/s? +25 N)

2. Find the acceleration and tension for the following system.

Fy=(8.0(2.8)= 26 4N

FN:FJ_<COSlg(/¢R.0'q/g>
| - 12N

Fz=(oa2) 112 )= 13.1N
F., = sini8(12.0-9.8)
| =363 N
ZF= Fot Fu+Fp = 784+ (-3 M) +(-363)
(¥) (> () |
2‘:: Q%?‘ N (£1.44 m/s?, +67 N)
Feas7 - LiMd T (go1H)=TH )
- T=+6+N




3. Find the acceleration and the tension for both strings for the system.

T Fy= (a.0)2.8)= 882N
, Fy= 5171;2‘7[(6 '3'9-?): 25N
o] Fuzcosdl(632.9=564N
"i@ Fr = (0.30)( 504 )= 16N
sF-882+(x5.1)
+(~16.9)
= b .2

(+) (= (-)
Tro(10-300)- T+ (38T, = 6l N3 Ly r -y 5,00
E:(a.ﬂb.o;):ﬂ*(“?ﬂﬂ ~(-53%) 153 "¢

7’" _ /q N (#3.02 m/s%,+61N, +19N)

4. Find the acceleration and the tension for both strings_fgr_ﬁz—s;stem.

T L, =(5.0(9.8)= 49N

Fiy= S/'nB({"/'Z-?.z): L9.b N
Foy = cos30(112:9.2) < |21 N

e - (05X 12 ) = 19.IN

2 ZF“: F}[ -f—}:}c '/'Fg

=25 .+ 0.130mls oy (3

3 = 69.b+(— 1B H(—141) =5 N

T (5.0(0120=T,+(-19) T;=+50N Fy= a5 N

T (5.0(-0430=To+(- 245) + 637 5=(0‘,5£u1.4)
T2:+ ,8 N (0.130 m/s?, +50N, 91%1\?; |




Physics 12 — Forces Assignment Name:

Draw a free-body diagram labelling all forces acting on the object and the direction of
acceleration. SHOW ALL OF YOUR WORK AND A FREE-BODY DIAGRAM FOR EACH
QUESTION (or you will not receive full credit for each question). *This will be handed in
for assessment.

1. A 1A 0 kg box on a horizontal surface is accelerated by attaching a 1.5 kg mass as shown in
the diagram. What is the acceleration of the box if the coefficient of friction between the surfaces

is 0.127 (£ 5.4 m/s®)
éF_ ng,c (/S’){‘i%)+(—-(o 12)1.0a %)),-HB 5N

}.0
7 N R A 7— 5’4’"/5
/(4-0./2 i‘s

2. Two masses of 1.5 kg and 2.0 kg are hung on a frictionless pulley as shown in the diagram
below. What is the acceleration of -
A) the 1.5 kg mass? (+1.4m/s®) s = Féz o + F

91.%
# 1 mfs? =(2.0X2.9) + (- (15X x))
L !
B) the_Z./O'Ll;ghr'r}zszs? (- 1.4 m/s®) T = g?q +1.Y m/S =

2.0

3. A 125N box is pulled east along a horizontal surface with a force of 89.0 N acting at an angle
of 44.0° as shown in the diagram. If the force of friction on the box is 12.0 N, what is the

acceleration produced? (+4.06 m/f';)slf‘f-o(s‘?.o) = E—(____ (d.oN m:/RaX/fg
a _ ‘
—5 T 'L,ON . 4.0 "
oW a-oN ﬁ?",’\"'T Tete (/g,gXa) =¢H.0 "'(’ /2.0)
B A £ B ) - )
al f L, — o= Y.oom/s” [E]
?

4. A 725 N student stands on a bathroom scale while riding in an elevator. The student observes
that the scale reads 775 N as the elevator begins to move. Find the acceleration and direction of
acceleration of the elevator. (+0.676 m/s?)

,,.‘:3}’-}5(4
i' ta m= 74.0Kq
Rl (#4.0)(a) =775+ (-15)
=+ 0.676 m/s*




5. An 8.0 kg object is pulled vertically upward by a rope. If the tension in the rope is constant at
95 N, what is the velocity of the object after 1.1s if it is starting at rest? (+2.3 m/s)

Tz voon - 2
ta (p.0)a=95+(-794) @=2°8 m/s
_ —

Ty <N 2.08 = Y,ETO V= *d3m/s
6. A force of 14.0 N is applied to the block as shown in the diagram. If the coefficient of friction
between the blocks and horizontal surface is 0.35, _9__>
A) What is the acceleration of the two blocks? (+0.070 m/s?) ¥

(4.0a = o +/«(o.3§)(q._fYq.e)) CiaaN pyan e

320.0?0,”/5 P AR A A A B Y Y Y i d
=035

B) What is the net force that the 3.0 kg block exerts on the 1.0 kg block? (hint: use the
acceleration acting on the object to determine this.) (+0.21N)

=F=mg = (3.0(p.010) =40 .2l N

7. Two students are dragging a 25.0 kg object alo:ng the hall as shown in the diagram below. If
the L’orce of friction acting on the object is 5.0 N, what is the acceleration of the object? (+2.2
m/s®)

“ ,(\4\5‘0.0‘\\ 60520[‘40) = ﬂx‘:'/'g?. CN
5°
f%é Q—JE‘O

c0530(25) = k= +3 17 N

(35:9a = 59359 Y 37.6+21.7=159.3N
o= +3.2mfs

8. A 500 N force acts in the northwestern direction. A second 500 N force must be exerted in
what direction so that the resultant of the two vectors points westward? (SW)

pooh

N F——I sSW

50N




9. The two forces F4 and F, shown in the diagram act on a 10 kg object. f Fy=12Nand F, =15
N, find the acceleration produced. (Assume no friction.)

A g=J127+15> =1aN P L pei5N Cos}o(('?sﬁxf?le{g
12N /12 - 29° . Sin3o(12)= Ay = ®°
i fan '(7?)'37 WofS 120 X: (01N +o N = 104N [E]
~90° - +0 TN y: )5 N +(-6-0)= 9.0M /]
L’.’ [/0)0 - /q . o v Fl=,2N R ’ q.DN
Fz ﬁ:/.?m/& 3? W 1€
215N of S (0.4 N
R=\i0.42+9.02 =/3.9N
<1/q.0\_ g)°
fah (-0—T{>'- 4” NO?LE
(10)a= 3.9 +0 F
-9 2 ,°
a=14m/s" 4l° No
(1.9 m/s2 @39° W of S) (1.4 m/s®> @41° N of E)

10. A man pushes a 16 kg lawn mower at a constant speed with a force of 90 N directed along
the handle which is at an angle of 45° to the horizontal. Calculate
A) The horizontal frictional force acting on the mower. (-63.9 N)

cos45(40) = Ry= 634N Fo= =63.LN

3 N pe3an
—>>

azomls®
B) The normal force exerted vertically upward on the mower. (+221 N)

sinasad=Ry=636N M MFe?  Fuees.6r57 <122 IN

-

P .
Vibq47 (57N
C) The force the man must exert on the mower to accelerate is fromrestto 1.5 m/sin2.5s
(Assume the same frictional force as calculated in part A). (+104 N)

pan 2 ) a=15 =t0.60m/s* R=
2
[/Q)(O,w): Fat ’ésq) 1/5';:3 2 d N
Fa7?3.2/\/ CO\S "? -2-:.‘.7"/0

R +).0X0"



11. A student pulls a 225 N object up a 33.0° inclined plane. If the coefficient of friction between
the object and the incline is 0.105, what force must the student apply to pull the object up the

incline at a constant velocity? (+143!ﬁ- SIV’}}(ZZS) - /23 N
2R € F, = cos33(225)= 189N
¥ F;c = [0-105)(/7‘7) =/9.¢N

ma=Fn T Ty Fp
(,23)(0) £ (- zg)+( 9.8)

XN Fa= 143N

12. At the instant a race begins, a 60 kg sprinter was found to exert a force of 850 N on the
starting block at a 20° angle with respect to the horizontal. (assume no air friction)
A) What was the horizontal acceleration of the spnnter’?(+13 m/s?)

. Co>26(850) = 799 N o
28 PN SF=ma ;zqq.;(éo)(a) = /3M/5

B) If the force was exerted for 0.38 s, with what speed did the sprinter leave the starting block?
(+4.9 m/s)

0.%9

13. A window washer pulls herself upward using the bucket-pulley apparatus shown in the
diagram. The mass of the bucket plus the person is 65 kg.
A) How hard must she pull downward to raise herself at a slow constant speed?(+637 N)

=0 N -r._+é37'
= pzoml — 6 4I0°N @
Y Fy=(65X2.8)=- 637N

B) If she increases this force by 10%, what will her acceleration be? (+0.98 m/s )Q/ L
637 [.10= FOIN

(45)a= 70| + (-63%) = *0-'73 T
mjs*

S




14.  Find the acceleration for the system and the tension force for each segment of cable.

N S = (6-5(a.8) (0 195Y75)

4_",':6 3,.( = 5-53'\]
. 9
////l’/// 777 | \LO} 0,..553:’/‘503”)/5

m=0.190 4.0 (17 7 ma=T,+F,

K (3% !
Fp for T, e 77“’_:_@” (13)(5. 03) 7’&*(12 42)
-( 19)(1:31.%) 18] - 7,=+9.0N
= "dHAN 193 T,- T, ! a rhm=7_z‘”:
g ﬁ (6.5)(—5.13) =j7; +/‘63?>

Fg"‘;t}i}ﬂ 7-2:-/—3//\’

= F
F:qul‘* (2 5)(»5137)— T +(- 21.5)

/i% WsN Ty = =t/2 N

(£5.03 m/s?, +9.0 N, +31 N, +12 N)





