Physics 122/121
Unait 1

Dynamics Extension



definition of equlibrium: the state of an object
when the vector sum of all the forces acting on it
IS zero.

If an object is at rest and is in equilibrium, then we say
that it is in a state of "static equilibrium."

Equilibrant: is the one vector, when added to 2 or more
other vectors produces a state of equilibrium. It is equal
to the resultant but opposite in direction.

Try - Three forces act simultaneously on point P. The first
force is 10 N east. The second force is 15 N south.
The third force is 28 N, E46°S . Find the resultant
force. (46 N, E50°S ). Find the equilibrant.(46N, W50°N)



Three Types of Force Problems

1 - Pushing or pulling an object along a horizontal surface.
2 - Tension and hanging signs.
3 - Objects on an incline.
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Force Problems - Type |

A 55 kg snow blower is pushed along the

ground at an angle of 35° to the horizontal with
an applied force of 175 N. (W)

a) Find the F,, and F,,.
b) Calculate Fy. " (”53
c) Find the force of friction if y = 0.19. °

d) Find the Fe.
e) Find a,.

o) Force ﬂ"l\’ee\ i the 'x-dife47m

. = Fcos®
ot - 175 cos 35°

I3 N

Fou = Fsine
" <4550
— —joo YN
{ downward push

b) FM =7 (Fmd Novmal Fora)
é‘:" Fm“'3= O

Foy Fs

=S -L a“ '(:UfQS
F;‘A% i:.r\‘-\\oe y-chirect
=0

F‘nelg_= F3 T Fag, + FN
O = —(57)(73” + ("oo)"":h

- -5Y4p ~160 +Fw

&) Fe=" (Sorce & Secinn

«

o= M FN (use Positive welus
Fe= (o.lﬂ(é“O) = 12d N




A) Frdoe = Sumof all Brce s

W 2C - Avectipn

"m."“)(."'| ax ‘\"F.(.‘
~ U3 N+ (S122N)
- &N

e) ai’c:’? F&x_max

IN —0.%8my,
aﬂ(— E';‘sv't‘x %‘?I?a_ /



A 35 kg wagon is pulled along the ground at an
angle of 25° to the horizontal with an applied
force of 97 N.

a) Find the F,, and F;.

b) Calculate Fy.

c) Find the force of friction if y = 0.22.

d) Find the Feix.

e) Find a,.



Physics 122/121

Force Problems - Type I

MHR - Chapter 5 - Page 174

17. A student pushes a 25 kg lawn mower with
a force of 150 N. The handle makes an angle
of 35° to the horizontal.

(a) Find the vertical and horizontal compo-
nents of the applied force.

(b} Calculate the normal force supporting the
lawn mower while it is being pushed.

(¢} Calculate the net force propelling the
mower if a frictional force of 85 N exists.

(d) Calculate the horizontal acceleration of
the lawn mower. (Remember: Only part of
the Fypplied is parallel to the direction of
horizontal acceleration.)

MHR - Chapter 5 - Page 208

24. A toboggan with a mass of 15 kg is being pulled
with an applied force of 45 N at an angle of 40°
to the horizontal. What is the acceleration if the
force of friction opposing the motion is 28 N7

25. A grocery cart is being pushed with a force of
450 N at an angle of 30.0° to the horizontal. If
the mass of the cart and the groceries is 42 kg,
(a) Calculate the force of friction if the

coefficient of friction is 0.60.
(b) Determine the acceleration of the cart.

MHR - Chapter 5 - Page 209

36. A 45.0 kg box is pulled with a force of 205 N
by a rope held at an angle of 46.5" to the
horizontal. The velocity of the box increases
from 1.00 m/s to 1.50 m/s in 2.50 s. Calculate
(a) the net force acting horizontally on the box.
(b) the frictional force acting on the box.

(c) the horizontal component of the applied
force.

(d) the coefficient of kinetic friction between
the box and the floor.

a) 86 N, down

1.2 x 10°N, right
b)3.3x 10> N, up
c) 38 N, right
d) 1.5 m/s?, right

0.43 m/s?, right

a) 3.8 x 10> N, left
b) 0.23 m/s? right

a) 9.0 N, right
b) 132 N, left
c) 141 N, right
d) 0.451
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#17 Y

- X + X

(@) Fax = +150c0s(35)
=123 N

Fay = -150sin(35)
=-86 N

(b) I:nety = I:ay + Fg + I:N
0=-86N-mg+Fy
0 =-86 - 25(9.81) + Fy
0=-86-245.25 + Fy
0=-331.25+ Fy
+330 N = Fy

(¢) Fretx = Sum of horizontal forces
= Fax + I:f
=123 + -85
=+ 38N

(d) Fnet = ma
Fnet

m
+38 N

= 25kg

a=+1.5m/s?
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#24 ‘
Fn
< 15 kg
Fq y

Fn=118 1 N‘ ]Fayz 28.9 N
F.x=345N

15 kg

" F,=-28N

\Fg=447N

|:net = Fax + Ff
= 34.5 + (-28)
=+6.5N

Fnet = ma
Fnet

m

a =+6.5 N/15 kg

a = +0.43 m/s®
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# 25 Fax = 450c0s(30) N
Fy Fay = 450sin(30) N
Fax =390 N -x < "X
e 42 kg ,
Fay-'225Nl \Fg=-412N y

(a) Ff = UFN, M= -0.60

I:nety = Fay + I:g + I:N
0=-412N +-225N + Fy
Fy =+ 637 N

F:=0.60(637 N)
F: =380 N [left]

b F
(b) a = net =F, +F;

m
a=(389.7 N +-382 N) =~ 42 kg

a=+0.19 m/s®
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# 36 Fapp = 205 N @ 46.5°
FN| lFav = 149N Fax = 205c08(46.5)
45 kg F.y = 205sin(46.5) X I rx
F¢ Fax =141 N
e\e‘a\\o“
a“\“dacc
(a) Fret = ma*”
Av
a= —
At
1.50m/s — 1.00m/s
a =
2.50s
a=0.20 m/s°
Fret = (45kg)(0.20m/s?)
=9.0N
(b) Fret = Fax + Fs or Fr=-uFy
?

9.0N =141 N + F;
9.0N-141N=F;
132N = F

(C) Fax = 141 N
Fa=my
(d) Fu = IJFN

I:nety = Fay + Fg + Fyn
=441 N + 149 N + Fy

Fn=-292 N
" ,\ \\l as‘.he
w= i can o fes 17
Fy e {?v:agn\\ude of ¥t
—132N
I =
¢ 292N

u =-0.451



Type II - Signs/Pictures/Hanging Objects

If an object is hung by a rope (wire, chain, etc.), we can
resolve the force of tension along the rope.
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An object can be hung in a variety of ways.
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OBJECT

OBJECT

12



Example

A traffic light hangs in the center of the road from cables as shown in
the figure. (a) If the mass of the traffic light is 65 kg, what is the
magnitude of the force that each cable exerts on the light to prevent it
from falling? (b) What is the tension in each cable?

(a) The y-component of the tension in each cable must add together to
support the light's weight; the light is in static equilibrium. Since the
angles are the same the tension in each cable and their components are

the same.

(b) Use trig to solve for the tension in each cable.

13



| A sign that weighs 168 N
is supported by two ropes, A
and B, that make 22.5° angles

Ty with the horizontal.

Determine the tension along
> the ropes.

>

—
<

* First label the diagram to view the
components of each rope's tension.

Fg=168 N

Determine y-component of tension:
Fnety=0N
Fnety = 2Ty + Fg
ON=2Ty-168 N
Ty=84N

Determine tension in each rope (remember they
are the same if the angles are the same):

T = (Ty)/(sin 68°)

T = 84 N/sin 22.5°

14



Physics 122/121
Handout - Static Equlibrium -Hanging Signs

1. Find the magnitude of the weight of the clown’s picture. +50 N)

Clowns Club

2

If the s1gn has a mass of 5.00 kg, what 1s the tension i the cables? (38 N)

100°

Eat At Ed’s

>

3. The mfamous stork announces good news. If the sign has a mass of 10 kg, then
what 1s the force of tension in each cable? (57 N)

60° 60°
It's A Gul!

15



Determine T4, Ty, T2, Txs, and Ty, in the following sketch.

Determine T, in the following sketch.

A traffic light is to be hung like in the diagram to the right (both angles are
the same). The cable being used will break if their tension reaches 2100

N. What is the smallest angle that can be made if the lights have a mass of
110 kg? (Answer: 15°)

A traffic light is to be hung like in the diagram to the right. The cable being
used will break if their tension reaches 1750 N. What is the largest mass
that can be hung? (Answer: 151 kg)

T,1 =206 N
T,,=43.7N
T,=251N

T = 247 N (left)
T,z = 247 N (right)

16



Solution

Fnd Ty,

———

Sinli)= Ty = J2 3 Ty, = 32 Sin(40)

T 4|
T = Q06N
Find Tya

Ff.lel” “—"Tw +T\J& + Fé_

0= 206N + Tyg - 250N

_006N+a50N T Tuy
44 N =Tya
Find Ta. B
Sin(lo):%i - ﬂ_%{_f\’ \To= ;/ii

To= A5IN

17



Given the following diagram, show T;cos@; = T»,C0S0:

18



Challenge!!

Determine T4, and T, in the following sketch.
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Type III - Inclined Planes, Hills, Ramps

(printed copy for students)

x *Recall that if there is a force of friction it acts
in the opposite direction of the motion.

*The coordinate system is rotated
the same amount as the angle 0.

|
1
{
plane of ramp

0\ Fgy

o\,

g" stands for gravity.

Fqy and F4 are separated by 8 because of two similar triangles.

ng = ngin @ «——— component parallel to the plane.
ng = FgCOS @+«—— component perpendicular to the plane.

NOTE! The sin and cos have switched places. This
will only happen when dealing with objects on a ramp.

NOTE FURTHER! Every F in the above diagram can be
replaced with an a for acceleration.
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Examples
1. A 2300 kg car is rolling down a hill inclined at an angle of 35°.

What is the acceleration of the car? Neglect friction.

S v *positive direction is down the ramp.
~ “x
~ m
a,=7? *x
\ ‘y

35°

/ lag =9.81 m/s?

ay

2. A skier coasts down a 3.5° slope at a constant speed. Find the
coefficient of kinetic friction between the skis and the snow

~ycovering thi ?86. (0.061)
- *positive direction is up the ramp.

\33

-

-~
ﬂ'z ﬂ force = mass x acceleration M = m a&
A Oy

~

ar = acceleration from frictional force.

ay = acceleration from normal force.

¥~<"y" direction

—
o =
= O’I’_ +
negative vertical direction~~ a"d’ =

el -
g, O -(a.91) Cos 35° 04y

S
%
)
So

R

- - + —
negative horizontalm aC = a” ﬂl*x
...... >
= -981S:0 3.5 + Qg

acts up the ramP. -
o is positive  ==== -
: O 531,5, = Qgx

-
q Zg ) = a'”ﬂ
:x" direction
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Physics 12
Sample ‘Problems - Inclined Planes Handout

1. A trunk weighing 562 N is resting on a plane inclined at
30.0° from the horizontal. Find the components of the
trunk's weight parallel and perpendicular to the plane.

2. A 562 N trunk is placed on a frictionless plane inclined at

30.0° from the horizontal. Find the magnitude and direction
of the trunk's acceleration.

3. A worker places a large plastic waste container with a mass
of 84 kg on the ramp of a loading dock. The ramp makes an
angle of 22° with the horizontal. The worker turns to pick up

another container before pushing the first one up the ramp. If

the coefficient of static friction is 0.47, will the crate slide
down the ramp?

4. A 1975 kg car is rolling down a hill inclined at an angle of 15°.
What is the acceleration of the car? Neglect friction.

5. A skier coasts down a 3.5° slope at a constant speed. Find the

coefficient of kinetic friction between the skis and the snow
covering the slope.

6. You slide a 325 N trunk up a 20.0° inclined plane with a

constant velocity by exerting a force of 211 N parallel to
the inclined plane.

a) What is the sum of your applied force, friction and the

parallel component of the trunk's weight? Justify your
answer.

b) What is the magnitude and direction of the force of friction?

c) What is the coefficient of friction?

22



Handout

Physics 122131
Handout: Problems I, II and IIT

On a camping trip you stretch a rope between two trees and hang your backpackfiom the raddle
of it to keep it safe from bears. The mass of wour backpack is 360 kg and each half of the rope
makes an angle of 40.0" with the horizontal

4] Findthe amount of weight supported by each half of the rope.

b1 Find the magnitude of the tension in each rope.

2 2.5 kg brick is pulled at a constant speed across atable by a cord that makes an angle of 21
with the horizontal Thereis TON of force in the cord.

4] Calculate the force of friction between the brick and the tabls.

b1 Caleulate the notmal force.

Toey thoves a 26 kg wagon at a constant speed by pushing on the handle that makes an angle,
theta, with the hotizontal. Joey exerts aforce of 54 N on the handle and the force of frictionon
the wagon is 34 M.

a) Calculate the angle the handle of the wagon makes with the horizontal

b1 What iz the magnitude of the nornal force acting on the wagon?

2 10 blockis held maotionless on a frictionless inclined plane which makes an angle of 3 with
the horizontal. What force would be needed to hold the block in position?

A1 object weighing 00 M 1s pulled up a frictionless incline at a constant speed using arope. If
the incline makes an angle of 42.0% with the horizontal, what iz the magnitude of the forcethatis
applied to the rope?

&10 k% object, starting from rest, slides down a frictionless incline with a constart acceleration of
20mfs". What angle does the incline make with the horizontal?

A1 object with a mass of 7.2 kg 15 allowed to slide from rest down an inclined plane. The plane
malkes an angle of 30" with the horizontal and is 65 m long. The coefficient of friction hetween
the plane and the object iz 0.45. %What is the velocity of the object at the bottom of the plane?

A plano is accelerating down a ramp that iz inclined at an angle of 38.5" above the hoseortal The
acceleration is 462 mis’. What is the coefficient of friction between the plano and the ramp?

23



Angwrers

—_

. a)Each half of the rope supports half of the weight of the backpack, 176 M.
WThe tension in each rope is 274 M.

b

BiThe magnitude of the normal foree is 22 N,

[N}

. 4)The handle makes an angle of 51" with the hotizontal.
BiThe normal force is 3.0 x 10 1, up.

4. 4 30N force exetted up the incline would be neaded.
3. Itz 401 M.

6. The incline makes an angle of 12",

T. The welocity of the object is —12 mfs.

2 The coefficient of friction iz 0.19,

a)The force of friction 1s 6.6 M, in a direction opposite to the motion of the brick.

24



Multiple Masses and Finding Net Force

Chapter 10.2 of text:
Read Pg 478 - 489
Problems Pg 485 #s 19 - 23, Pg 488 #s 24 - 28

This is an example of a system where there
are multiple masses, the Atwood machine.
We will apply the concept of forces to
determine the resulting acceleration.

3

Define the Direction of Forces

Our problems will not include friction
and the pulley will be massless.

{\ ﬁFT You may find it easier to picture, or
Fg

F
' draw, the system horizontally.

1

25


https://www.msu.edu/~brechtjo/physics/atwood/atwood.html

Acceleration of the Masses: Newton's 2nd Law

- +
FT FT

Fg1 FgZ

Foo.t = ma

Fret = Z Forces

m = Z masses that accelerate
Fgl + FT + FT + ng — (m1 + mz)a
—-myg + Fp + (—=Fp) +m,g = (my + my)a
myg —myg = (my + my)a

(m, —my)g = (my + my)a

(my —my)g

m, + my

a=

To Find Tension:

E

g1 + Fr = mya

or
Foo + Fr =mya

How would the formula for acceleration change if
W positive was to the left?

26



Atwood Machine Examples

What is the acceleration of an Atwood machine with masses
of 6.5 kg and 15 kg on opposite sides of the pulley? What is
the magnitude of the force of tension in the rope?

27



A counter weight of 25 kg is used to help a person of mass 85
kg to do chin ups. What is the force applied by the person if
he accelerates at 1.2 m/s%?

28



A counterbalance is set up to help someone lift an object.
The largest mass a person can lift is 33 kg. What must be
the minimum mass of the counter weight for a 55 kg object to
be lifted with an acceleration of 1.5 m/s*? (mass = 36 kg)

29
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