Physics A it Equilibrium Forces

This unit will begin your study of Newton’s Laws Bfotion. Parts of the first two laws
were already known and parts were first proposeNéwton. His contributions were
revolutionary leaps forward concerning our underditag of the universe. In this unit
you will concentrate on the first law of motionhére are obvious short-cuts in this unit
that will almost guarantee an A on this test ané @m the next two tests. Do things the
way this unit suggests and later units will haveenmntinuity; you will have less stress
and suffering. Before taking the test on Unit 41 ghould be familiar with all of the
areas outlined below:

. Mass

Il. Forces Defined
A. Weight
B. Tension
C. Normal

D. Friction

. Newton’s First Law of Motion
A. Condition required for this law

B. Resulting types of motion

This unit should take about six days to cover. fits¢ day will consider mass and
weight. Day two will investigate the tension ford@ay three will explore the method
for finding the normal force. Day four will anakyzhe force of friction. Day five is
small group work with practice and review. Day sixest day.

Newton’s First Law of Motion

If balanced forces act upon an object the objedtraiiher
1) remain at rest or
2) move with constant speed along a straight line

The reverse statement is also true. When yourseéjact with either type of motion
then it has balanced forces acting on it.



Lesson 1-17 Weight and Mass

Your physics course up to this point has lab&edifferent ways that an object can
move. You will now turn your attention away froindw things move” and focus on
“what makes them move”. To begin you must recogtlie definition oforce. A force
is defined to be a push or pull. The symbol focéois ‘F”, a vector quantity. Forces are
measured in Kg times meters per second squaredh\whithe name of Newtons. 1 N =
1 Kgtim / €. The first half of this unit will introduce fowspecific types of forces and
Isaac Newton’s First Law of Motion. The second loélthis unit will use the introduced
forces to look at Newton’s"2and ¥ Law of Motion.First Law of Motion

When the forces acting upon an object ararntuad then an object will

a) remain at rest or b) move along a sttdigk at constant speed.

If you see an object sitting still or moving intaagght line at constant speed you should
realize that the forces acting on it will add toeazm every direction.

2 k=0 2FK=0 2F=0
The above conditions can be used to get as mathyeses equations for three unknowns.
First year physics usually uses only the first t@aditions. You will now look at four
special forces that show up in the two equations.

Weight

The force known as weight is a measure of Bivang an object is gravitationally
attracted to another. For several weeks you weéktdically consider how hard the earth
is pulling an object toward the center of the ptankhe weight of an object will always
be shown on & ee-body diagram as an arrow drawn down from the center of an ¢dbjec
Consider the following examples:

A 40 Newton object A 50 N object on a

resting on a flat surface 37inclined plane

50N 3

When an object is placed on an inclined plane
you should always break the weight into a
part that is parallel to the surface and a part
that is perpendicular to the surface using the
identities below: W

W5 = WcosB W = Wsin®

You should recognize that the two parts of the Wean an inclined plane are the
opposite and adjacent sides of a triangle withidked weight being the hypotenuse.



Often times in a physics problem either thégiveor the mass of an object will be
stated as a mere adjective in a problem. You reagt something like “A 50 N object is
...7or “A5 Kg objectis ...”. As soon as either waig
or mass is given you should know the other value by W = mg
default. The relation between weight and massvesng
in the box to the right. At the surface of theteaveight
has a value of ten times an object’'s mass. I§#ree object is taken from the surface of
the earth to the surface of the moon then the wewjhhave a different value. The
value of an object’'s mass cannot change withouingdd or taking a way from the
object. A 50 N object on the surface of the ebeth a mass of 5 Kg. The same object
taken to the surface of the moon would weigh 8\8ith a mass of 5 Kg. To sum up the
concept realize that mass is universal while wetdlgtends upon how much gravitational
acceleration exists from point to point in space.

This leads to one final question, “What is s¥dsPerhaps one of the most
misunderstood ideas in physics. Mass is the measgan object’s inertia or resistance
to change in motion. The more mass or inertialgead has the more difficult it will be
to speed up, slow down or curve the object. M#ew/a things at rest to remain at rest
and things in motion to remain in motion. Whytighiat you can throw a baseball easier
than you can throw a bowling ball? It is also @wa from the previous equation that the
more inertia an object has the more it will beaatited to the center of a planet. Why?
Checkpointsfor thisLesson
v Write Newton’s £ Law of motion and demonstrate both conditions sjpropriate

examples.

v' Draw the weight vector on a free-body diagram amedk the weight into parts for
objects on inclined planes.

v' Given weight or mass of an object determine thesrmasveight of the object.

v Explain the physical significance of mass as ielated to inertiaproperties.

v' Compare and contrast weight and mass.

Practice Problems

For each of the following determine the weightlad bbject parallel to the surface, the

weight of the object perpendicular to the surface draw the free-body diagram.

1. A 26 Kg object is placed on a 22.@clined plane.
2. A 34 Kg object is placed on a 28.ibclined plane.
3. A 34 Kg object is placed on a 61.@clined plane.
4. A 100 N object is placed on a 16i8clined plane.
5. A 100 N object is placed on a 36.iaclined plane.
Total Parallel | Perpendicular
Weight | Weight | Weight
1|260N | 100 N 240 N
2| 340N | 160N 300 N
3]340N | 300N 160 N
4| 100N | 28N 96 N
5] 100N | 60N 80 N




L esson 1-18 Tension’
Tension is a force associated with a pull ua string, cable, chain, cord, rope etc.

Only when tension is associated with a rod caretbera push as well as a pull. For

lightweight strings, cables, etc. tension is equafalue at opposite ends. Consider the

tension in the lightweight strings for the four exales below:
A) g B)
100 N
A 100 N object hangs
from a ceiling. 36.9 .

A 100 N object rests on a frictisdencline.
A cable runs from the object, paglaid the
incline and attaches to a verticallw

C) A 10 Kg object is suspended from a ceiling by theakles. Find the tension in

each of the three numbered cables.
M

163

#2

#3

10 Kg
D) Find the tension in each of the two numbered cahlése figure below.

56 Kg

"Tension is also a focentury expression for voltage as in a “high-tensiire”.



For the previous examples set up your equationsrdicg to the following method.
a) {What pulls up?} - {What pulls down?} = {Does it Accelerate?}
where the last question tells you to mrbaf no and “ma” if yes.
b) {What pulls right?} - {What pulls left?} = {Does it accelerate?}
You should always sum the force parallel and pedppetar to the surface if possible.
Solutions to Example Problems:
A)ZFR=T-100N=0 OT =100 N.

B)S K =T-100sin369=0 OT = 60N

C) From the first example you should see thaisTequivalent to the object’s weight.
You can get two equations to solve for two unknowwypsealizing that the forces
acting on the knot will sum to zero.

2K =T,sin(16.3) 100N =0 K, = T3 — T,cos(16.3) =0
A=356 N 3 F342N

D) Again sum the forces acting on the junction of Lfoe two equations/unknowns.
2F, = Tcos (28.1) — Jcos(53.1) =0 =F, = T1sin(53.1) + Bsin(28.1) — 560 = 0
Using any of the three methods from last wgigks T, = 500 N and 7= 340 N.
| think that the matrix method is the easheste.

Practice Problems: Find tensions in each of the following designgieablems.

6. - 7.
37°4 36.9 61.
#
#2 # #2
O
13 Kg
105 Kg
8 1277 9.
49.4 53.
#2
#1
# #2
18 Kg X
Answers T T
6 214 N 170 N
7 500 N 850 N
8 800 N 820 N
9 184 N 200 N




Lesson 1-19 Normal Force

This force will show up in free-body diagram anytime that an object is in contact
with a surface. The normal force represents hawt tiee surface pushes on an object.
The direction of the force is always drawn from tloatact surface through the object
and is perpendicular to the surface. In math bdlo&slirection perpendicular to the
surface is known as the “normal” direction. Themal force, like tension, does not have
a standard formula and is determined using the saetkod as in the previous lesson.
Consider thefollowing ten examples. A 20 Kg block isused in every case. 1n some
instances an applied force of 100 N ispresent. Thisapplied forceisdueto a hand
pushing on the block. Where necessary an angle of 8 = 30° is used.

A) B) C)
T & l':ap
20 Kg 20 Kg 20 Kg
A 20 Kg block rests on a An applied foodel OON An applied force of 100N
flat surface. litip on the block. pushes down orbibek.
D) E)
N
Fap Fa
30
20 Kg 20 Kg
An applied force of 100 N An applied force of 100 N
acts at 30 below the horizontal. adt8@& above the horizontal.
(Lawnmower & shopping cart) (Wagons & snow sleds)

The following five examples occur on a°3@clined plane. Consider only forceqo the
inclined surface. Don’t ask about the paralletés until tomorrow!

F) G) H)
A 20 Kg block rests An applied force of 190 An applied force of 100 N
on the incline. pushes parallal&the plane. pushes parallel & down...
apF
30° ]
30° . o 30




The previous two examples demonstrated appliecéatttat are parallel to the inclined
plane. The next two examples have applied fortaisare parallel to the ground.

) An applied force of 100 N parallel to the J) &pplied force of 100 N parallel to
ground pushes the block into the incline. the ground pulls the block away from

the incline.
&
Bp
—>
30 . = 30
Answers
A) 200 N B) 100 N C) 300 N D) 250 N E) 150 N
F) 173 N G) 173N H) 173 N ) 223 N J) 123N

Checkpoints for the previous two lessons:
v' Recognize that tension will be an appropriate fafrcables, cords etc are involved.
v' Use the conditions from Newton’§'Law to determine the value for the tension in a
system of strings if the mass is suspended at rest.
v' Recognize that the normal force will be involvedyahan object comes in contact
with a surface and that the normal force is drammfthe surface through the object.
v' Use the conditions from Newton’§'Law to determine the value of the normal force
on an object.
v' Draw afree-body diagram incorporating weight, tension, appliedésrand/or
normal forces when appropriate.
L esson 1-20 Friction
The force of friction is due to two surfacateracting parallel to the surface rather
than perpendicular to the surface. Friction océorswo surfaces when the surfaces are
at rest, when one surface is sliding over the adbheflace and when one surface is rolling
over the other surface. These different situatemesknown as static friction, kinetic
friction and rolling friction. Since rotational roleanics is not covered in this course we
can dispense with the last form. The first twoetypf friction are similar. They are
determined by the normal force and the roughnefisec$urfaces. To indicate the
roughness of the surface requires a measuremém cdefficient of friction, u. Mu
ranges from O (frictionless) to 1 (very rough). nliost instances the static measurement,
Us, yields a value higher than the kinetic measurénpgn You may have noticed that it
is easier to keep something sliding than it isebigstarted sliding.
Static Friction Kinetic Friction

Fr < ush Fr =k Except for lab we will ignore the “less
than” condition for stafrection.




F =pun Practice Problems with Friction

1. A 10 Kg box is placed on a level surface.

A 50 N applied force acts horizontally on

the box to move it at constant speed. 10 Kg apF 50 N
Find the value for the normal force, the —
kinetic coefficient of friction and the force

of friction acting on the box.

2. A 26 Kg block is placed on a level surface.
An applied force of 260 N at 22.6elow
the horizontal moves the block at constant
speed. Find the normal force, the force of 26 Kg
friction and the kinetic coefficient of frioh.

3. An 83.33 kg crate is placed on a level sur-
face. An applied force of 500 N at 36.9 36.9
above the horizontal moves the block at
constant speed across the floor. Find the

normal force, force of friction and the 83.33 Kg
coefficient of friction.

4. A 10 Kg box placed at the top of a 38266
inclined plane slides slowly down the
incline at constant speed. Find the normal
force, the friction force and the coefficient
of kinetic friction between box and incline.

A 38.66

5. A 30 Kg block is placed at the bottom of & @dcline. The coefficient of kinetic
friction between block and incline is 5/6. How rhdorce must be applied on the

block parallel to the incline in order to move tileck up the ramp at constant speed?
First find the normal force and force of friction .

n= F= o




6. Aforce Ryis used to move a 42 Kg crate
down a 19.5incline at constant speed.
The applied force acts parallel to the irelin
and down the ramp. The coefficient of
friction is 6/7. Find the normal force, the Af)/
force of friction and the applied force negde

to move the crate down at constant speed. 19.5

7. A 595 Kg block is placed at the top of a f
61.9 ramp. A force of 2949 N pushes
on the block parallel to the ground and E= 2949N

into the ramp. This allows the block to
slide_dowrthe incline at constant speed.
Find the normal force, force of friction
and the coefficient of friction between 61.9
block and surface.

8. A 4654 N object is moved ugp26.5 in- [
clined plane at constant speed by means
of a horizontal applied force of 8123 N. 8123 N
Find the normal force, the force of friction
and the coefficient of friction between
object and surface.
26.5°

.
Answers

1 100N | 50N 1/2

2 360N | 240N 2/3

3 533N | 400 N 3/4

4 78.1N| 625N | 4/5

5 150N | 125N 385N

6 396 N | 339N 199 N

7 5404N| 3860 N| 5/7

8 7789N| 5192 N| 2/3

Final Checkpoints

v Describe the relationship among friction forcesnmal forces and mu.
v' Compare and contrast the static and kinetic caeffts of friction.

v' Compare and contrast the static and kinetic foofdsction.

v' Draw a free-body diagram including the force oftion.

v' Use Newton’s T Law to calculate force with friction.



Physics Practice Test 104 A

Use g=-10 m/

A 6 Kg object is hung as shown in the
diagram below. The string labeled as #3
forms a 50.2 angle with the horizontal.

#3

M

#2

#1

1. Thetensioninline#1is___ N.

a) 50
b) 60
c) 70
d) 80
e) 90

2. Thetensioninline #2is ___ N.

a) 30
b) 40
c) 50
d) 60
e) 70

3. Thetensioninline #3is ___ N.

a) 67.5
b) 78.1
c) 89.4
d) 94.9
e) 106.3

Name

A 6.8 Kg block is placed on a level
surface. An applied force of 249 N at’45
below the horizontal moves the block at
constant speed.

4. The coefficient of kinetic friction is
a) 0.16
b) 0.30
c) 0.44
d) 0.58
e) 0.72
5. The normal forceis ___ N.
a) 164
b) 204
c) 244
d) 284
e) 324
6. The force of frictionis ___ N.
a) 35.8
b) 61.2
c) 95.1
d) 125
e) 176
7. To move the block sideways at
constant speed over the same surface
requires a horizontal applied force of
____ Newtons.
a) 25
b) 32
c) 40
d) 49
e) 59



Test 104A (continued)

A 24 kg block is placed on a 2ihclined
plane. A 219 N applied force parallel to
the surface of the incline moves the bloc
up at constant speed.

apF

/V

22 N

The normal force acting on the block
is___N.
a) 90.1
b) 125.9
c) 206.3
d) 222.5
e) 448.0
The coefficient of friction between
block and inclineis .
a) 0.23
b) 0.42
c) 0.58
d) 0.70
e) 0.85
10.The force of frictionis ____ N.
a) 63.1
b) 107.1
c) 129.1
d) 175.4
e) 188.2
11.To move the block down the incline a
constant speed would require a force
of N parallel to the incline.
a) 13.2
b) 25.5
c) 39.2
d) 52.6
e) 68.2

K

t

An unknown mass is hanging in the figure
below. The tension in cable #3 is 361.2N.
Cable #3 forms an angle of 41 \ith the
horizontal. Cable #2 forms an angle of
64.3 with the horizontal.

6473

# #3

M?P

12.The unknown massis ___ Kg.
a) 50 d) 80
b) 60 e) 90
c) 70
13.The tension in cable #2is ____ N.
a) 241
b) 354
c) 469
d) 506
e) 622
14.The horizontal component of the
tension in cable #3is ____ N.
a) 180
b) 210
c) 240
d) 270
e) 300
15.The vertical part of the tension in
cable #3is ___ N.
a) 140
b) 240
c) 340
16.Tension in the vertical cable is ___ N.
a) 500
b) 600
c) 700
d) 800
e) 900

d) 440
e) 540



Test 104 A (continued)

A 26 kg box is lowered from the top of ar
inclined plane. The incline has been
raised 67.4from the horizontal. An
applied force of 173.3 N parallel to the
ground and toward the incline acts to
lower the box at constant speed.

67°4 ]

17.The force of friction acting on the
block is about __ N.
a) 100
b) 148
c) 173
d) 182
e) 190
18.The normal force acting on the block
isabout ___ N.
a) 200
b) 220
c) 240
d) 260
e) 280
19.The part of the applied force parallel
to the inclineis ___ N.
a) 50
b) 58
c) 60
d) 67
e) 96
20.The kinetic coefficient of friction is
a) 0.37
b) 0.50
c) 0.67
d) 0.76
e) 0.86

Answers
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