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Physics 122/121
Unit 1

Dynamics Extension
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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 1s in equilibrium, then we say
that 1t 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 1s 10 N east. The second force i1s 15 N south.
The third force 1s 28 N, E46S . Find the resultant
force. (46 N, ES(rS ). Find the equilibrant.(46N, W50N)
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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.
a) Find the F.x and F,.

+y
b) Calculate Fy.
c) Find the force of friction ify, = 0.19. . x
d) Find the Fex.
e) Find a.. hd
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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 Fy.

b) Calculate Fy.

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

d) Find the Fe.
e) Find a..
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Physics 122/121

October 24, 2013

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.

(e) 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 Fappliea is parallel to the direction of
horizontal acceleration.)

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 102N, right
b)3.3x 102N, up
c) 38 N, right
d) 1.5 m/s?, right

0.43 m/s2, right

a) 3.8 x 102N, left
b) 0.23 m/s2, right

a) 9.0 N, right
b) 132 N, left
c) 141 N, right
d) 0.451
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#17 Y
- . Fapp = 150 N
1
ayl
: 350 FN X + X
| i ———
Fax
— 25 kg
Fr Y

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

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

(b) Freyy = Fay + Fg + Fy
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 + Ff
=123 + -85
=+38N

(d) F,,, = ma
Fnet

m
+38N

= I5kg

a=+1.5m/s?
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# 24 ) I
Fa
X -+ x
N 15 kg
Fq y

Fy=118 1 N‘ IFay =289 N
Fax =34.5N

. 15 k
F=-28 NL— 9

ng=-147N

|:netx = I:ax + |:f
= 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 Fur = 450c08(30) N N
- F., = 450sin(30) N
Fax =390 N - X< >+ X
— 1 42kg =
Fay =-225 N l \Fg=-412N y

(@)  F=yF, u=-0.60

|:nety = |:ay + Fg + I:N
=-412 N+ -225 N + Fy
Fn=+ 637 N

F; = 0.60(637 N)
F. = 380 N [left]

F
(b) q = net — Fax+ Ff

m

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

a=+0.19 m/s2
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ty
#36 Fapp = 205 N @ 46.5
FNI ]Fay =149N Fax = 205003(465)
45 kg Fay = 2058“’1(465) -X + X
Fs Faox = 141N
c \exat©
106 2
(a) Fret = ma*~
X
Av
a= —
At
1.50m/s — 1.00m/s
a =
2.50s
a=0.20 m/s2
Fret = (45kg)(0.20m/)
=9.0N

(C) Fax =141 N

(d) Fys = uFy

F nety = Fay + Fg + FN

0=-441N+149N+Fy

Fn = 4292 N
the
| = i can us® M\\e,sﬁ‘s“3
“TF N -~ ‘rc:?g\::\x ge of
+132N
¢ 292N
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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.

ceiling

e
Ry
R
Y
Y
.

e
Turkey
Town

An object can be hung in a variety of ways.

October 24, 2013

OBJECT OBJECT OBJECT
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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.

Z/EA% =Ty v 1y 4y
O = Q\T\ﬁ t Fo

Tk_t) - ((ﬁ)(ﬂ%l\

_ (L%

O=%
0= ATy
L3S =AYy

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

October 24, 2013
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| | A sign that weighs 168 N
1s supported by two ropes, A
and B, that make 22.5¢ angles
with the horizontal.
Determine the tension along
the ropes.

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

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)/(sirBo)

T =84 N/sin 22.5
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Physics 122/121
Handout - Static Equlibrium -Hanging Signs

1. Fmd the magnitude of the weight of the clown’s picture. (50 N)

u]
Clowns Club |

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

30

12

100°

Eat At Ed’s

-

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

60°  60°
It's A Gul!
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Determine Ty1, Ty2, T2, Tx1, and Tx. in the following sketch.

Kl'w =206 N )
T,.=43.7N
T,=251N

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

_J
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Determine T, in the following sketch.

300 600
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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: 19)
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A traffic light is to be hung like in the
diagram to the right. The cable
being used will break if its tension
reaches 1750 N. What is the
largest mass that can be hung?
(Answer: 151 kq)
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Type III - Inclined Planes, Hills, Ramps

(printed copy for students)

*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 angleg.

plane\ of ramp

0 ng

g" stands for gravity.

F
g % N

Fqy and F, are separated by 6 because of two similar triangles.

F =Fsing — component parallel to the plane.
9x g

— «~—— component perpendicular to the plane.
ng Fgcos 0

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

NOTE FURTHER! Every Fin the above diagram can be
replaced with ana for acceleration.
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1. A 55 kg block is sliding down an incline. The coefficient of kinetic
friction is 0.13 and the incline makes an angle of 35 o with the ground.
What applied force up the ramp is necessary so the block accelerates with a

magnitude of 0.83 m/s> down the ramp ?
. J:;c."‘ = ma

‘ Frd = EFafccs along
. e vam§
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2. What applied force is necessary for a person to pull a 30 kg object up a
ramp at a constant velocity? The ramp makes an angle of 25 © with the
ground and the coefficient of kinetic friction is 0.12.

AV
<
Faed= OV because '\)—e_loc.'Lj i5 corduat

L

;:;l_: FSS.V\H = (30'(3\(13” Smase = );Z_Li_C[ A
)F{: ) =M F’V )\FNI_‘ ‘FSJJ = (3o)(14)Cos 2§
R |= (0-12)( 2667 = 3_:9\ N\

———
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What applied force is necessary for a person to pull a 55 kg object up a
ramp at a constant velocity? The ramp makes an angle of 60 ° with the
ground and the coefficient of kinetic friction is 0.25.
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A 25 kg box is placed on an incline 38 to
the horizontal. The coefficient of kinetic
friction is 0.38. Find the acceleration of the
box. (2.2 m/s? down the ramp)
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3. An inclined ramp is to be used to slide down an object at a constant
speed. The coefficient of kinetic friction is 0.16. What angle should the ramp
make with the ground for this to happen?



Types of Forces Notes.notebook October 24, 2013

% ,6 Physics 12
Somple 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 o 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 1%
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?
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Handout

Physics 122131
Handout: Problems I, II and IIT

1. Ona camping trip you stretch a rope between two trees and hang your backp ackfom the madcdle
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. A 25kgbrickis pulled at a constant speed across a table by a cord that makes an angle of 20"
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.

3. Joey moves adf 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 I,
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?

4. A 10N blockis held mationless 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?

5. An object weighing 600 H is 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?

6. Ald 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?

T, Anobject with amass of 7.2 kg is 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?

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

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

. 1 1
sini = CosS U = tanu =
CSC 1 sec u cotu
1 1 1|
CSCu = — secu = cotu =
S11 1L COS i tanu

Pythagorean Identities
sinu+coslu=1 1+4+tan’u=sec?u 1+ cot?u=csc?u
Quotient Identities

S1n 1 COS 1
cotu = —
COS 1L SN U

tanu =
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Objects Connected at an Angle

We approach this problem like the others:
» Picture the motion in one dimension.
e Apply Newton's second law.
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Physics 122: Newton's 2nd Law in 2D

A counterweight is used to slide an object up an inclined plane thatakes a 400 angle with the horizontal.
The counterweight has a massof 35 kg and is suspended with a massless string and a friction lesspulley.
The coefficient of kinetic friction on the plane is 0.23.

a) For the acceleration of the object not to exceed 0.42 m/s up the ramp, what must be the minimum mass
of the object? (39 kg)

b) What mass would result in an acceleration of 0.21 m/$ down theramp? (80 kg)

4 35)(0-42)

e, +343% =173, = (m,
*‘6.041'\, 1 3Y% = O-NAm,

C _qlpm, = - 22465
[ = K‘ﬁ\

+ )43
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Physics 122: Newton's 2nd Law in 2D

A counterweight is used to slide an object up an inclined plane that akes a 400 angle with the horizontal.
The counterweight has a massof 35 kg and is suspended with a massless string and a friction lesspulley.
The coefficient of kinetic friction on the plane is 0.23.

a) For the acceleration of the object not to exceed 0.42 m/aup theramp, what must be the minimum mass
of the object? (39 kg)

b) What mass would result in an acceleration of 0.21 m/¢ down theramp? (80 kg)
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A counterweight is used to slide an object up an inclined plane that
makes a 42 angle with the horizontal. The counterweight has a
mass of 40 kg and is suspended with a massless string and a
friction less pulley. The coefficient of kinetic friction on the plane is
0.33. For the acceleration of the object not to exceed 0.22 m/s

up the ramp, what must be the minimum mass of the object?
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A counterweight is used to slide an object up an inclined plane of 20 o.
The counterweight has a mass of 25 kg and is suspended with a
massless string and a friction less pulley. The coefficient of friction

on the plane is 0.19. What is the acceleration of a 16 kg object?
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Questions 27 & 28 only

26. The objects in the diagram have the follow-

ing masses: my = 228 g, mz = 615 g, and

m3 = 455 g. The coefficient of kinetic friction
between the block and the table is 0.260.
Mass my is 1.95 m above the floor. What will
be the time interval between the instant that
the masses start to move and the instant
when mass my hits the floor?

m; G%
T

m, ﬁ” 1.95m

4

21. The block in the diagram has a mass of 145 g
and the freely hanging object has a mass of
85 g. The coefficient of kinetic friction between
the block and the ramp is 0.18. The ramp
makes an angle of 22° with the horizontal.

(a) What will be the speed of the masses 2.5 s
after they just start to move?

(b) What is the tension in the string while
they are moving?

ms

22° ‘ ﬁ m

28. The block in the diagram has a mass of 725 g,

and the hanging object has a mass of 595 g.
The coefficient of static friction between the
block and the inclined plane is 0.47, and the
coefficient of kinetic friction is 0.12. The
inclined plane makes an angle of 34" with
the horizontal.

oz

(a) What force directed up the incline would
you have to apply to the block, to make
the objects start to move?

(b) After the objects start to move, what will
be their acceleration?

(c) What will be the tension in the string
when the objects are moving?



	Page 1: Sep 3-8:25 PM
	Page 2: Sep 22-1:36 PM
	Page 3: Feb 18-10:42 AM
	Page 4: Feb 16-10:26 PM
	Page 5: Feb 16-10:40 PM
	Page 6: Sep 9-10:25 AM
	Page 7: Sep 29-1:38 PM
	Page 8: Sep 29-3:39 PM
	Page 9: Sep 30-11:40 AM
	Page 10: Sep 30-1:53 PM
	Page 11: Sep 8-12:05 PM
	Page 12: Sep 6-11:40 PM
	Page 13: Sep 9-11:38 AM
	Page 14: Sep 9-11:50 AM
	Page 15: Oct 1-12:15 PM
	Page 16: Nov 1-9:29 AM
	Page 17: Nov 1-9:27 AM
	Page 18: Nov 1-9:30 AM
	Page 19: Sep 6-11:49 PM
	Page 20: Feb 25-8:26 AM
	Page 21: Oct 6-8:55 AM
	Page 22: Apr 2-8:32 AM
	Page 23: Oct 24-9:50 AM
	Page 24: Oct 6-8:51 AM
	Page 25: Sep 9-12:05 PM
	Page 26: Oct 19-9:38 AM
	Page 27: Sep 12-11:46 PM
	Page 28: Sep 12-11:47 PM
	Page 29: Oct 20-10:03 AM
	Page 30: Oct 11-8:51 PM
	Page 31: Nov 25-8:59 AM
	Page 32: Nov 25-8:59 AM
	Page 33: Apr 2-8:35 AM
	Page 34: Nov 25-8:51 AM
	Page 35: Mar 18-1:06 PM

