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Forces and Equilibrium

Physics 12 - Introduction to Translational Equilibrium Name:

Objects on Earth have at least one force acting on them at all times (gravity). However, since
many objects are at rest, there must be other forces acting on them in order for };F=0N (so that
a=0m/s?).

For a body to be at rest, the sum of the forces acting on the body must add up to zero.

Equilibrium -

Since we deal with an x-component and y-component for most forces and motion, both
components must add up to a net force of zero as well.

First Condition of Equilibrium

> Ex=0 AND > Fy=0

A simplest case of equilibrium is the case in which two equal forces act in opposite directions
on an object. The resultant force is zero, and the object does not move.

Example 1 — Two dogs are fighting over a steak. One dog (a pug) is pulling north with a force of 3.0
N, and another dog (a schnauzer) is pulling west with a force of 4.0 N. How much
force and in what direction would I have to pull on the steak so that the steak does not
move?

Vector Component Analysis:

With what TOTAL force must you pull on the steak to hold it still (magnitude and direction)?
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In order to solve equilibrium problems, you must have a good grasp of Free Body diagrams

and of vector components.
E F net — 0

ZFx:{) and ZF},:D

If we find all the vector components of all the forces in the x direction and they sum to zero,
can there be any acceleration in the x direction?

If we find all the vector components of all the forces in the y direction and they sum to zero,
can there be any acceleration in the y direction?

If there is no acceleration in the x and y directions, is there any acceleration at all?

Example 1 - A 2 kg book is sitting . Example 2 - A 2 kg book is sitting
motionless on a table. Draw a diagram motionless on a table. A helium

of the book on the table, and then draw balloon is attached to the book and the
a F.B.D. of the book to find the force tension in the balloon string is 2 N.
applied by the table. Draw a diagram of the book on the

table, and then draw a F.B.D. of the
book to find the force applied by the
table.
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Example 3 - A 54 N force acts at 18° and a second 45 N force acts at 50°
a. What is the magnitude and direction of the force that produces equilibrium?

Example 4 - A 2 kg book is sitting motionless on a ramp that has an angle of 80° with
respect to the vertical. For part ‘C’ assume that if angle decreases to 79° to the vertical,
the book will begin to slide.

A) Why does the book not slide down the ramp?

B) How big is this force

C) Calculate ps
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Introduction to Equilibrium Problems

4 L A force of 55 N acts due west on an object. What single force is required to
produce equilibrium? (55 N [E])

2. Two forces act on an object. One force is 6.0 N east; the second force is 8.0 N
north. If the object is in equilibrium, find the magnitude and direction of the
force that produces equilibrium. (10 N @ 53° S of W)

3. A 62 N force acts at 30° and a second 62 N force acts at 60°. What is the
magnitude and direction of the force that produces equilibrium? (120 N @ 45°
S of W) '
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4. What force is required to satisfy the XFx = ON condition for diagram A below? (-6.0N)

5. What force is required to satisfy the 2Fy = ON condition for diagram B below?(-5.1N)

A. B
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6. An 8.0 kg box rests motionless on an incline. Draw an F.B.D. for the box and
determine the values of each force keeping the box in an equilibrium state. (-26.8N,
+73.7N)

7. In the system below the pulley and ramp are frictionless and the block is in static
equilibrium. What is the mass of the block? (35.6 kg)
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Physics 12 -Translational Equilibrium Name:

First Condition of Equilibrinm

> Ex=0 AND Y Fy=0

A body in translational equilibrium will have no acceleration in the x or y directions.

Equilibrium is a very important concept in the Engineering and Design of any structure as
this is a good thing for stationary objects like bridges and buildings.

Yesterday we discussed the simplest cases of equilibrium in which forces were acting on an
object and we determined what would “balance” those forces to create a state of equilibrium
for the object.

Ftens=30 N Frens=30 H

Another example type of equilibrium is when objects are hung
and tensional forces must be in equilibrium with the weight of

the object (such as a sign or picture).

Example 1: A weight suspended by cables and the system is in equilibrium. A 200 N block is

suspended by two cables as shown in the diagram. Find the tension in each cable.
y

30.0° 45.0°
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Example 2: For the force diagram shown below, let T1 =85 N. Determine the magnitude of Tz

and the mass of the box.
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./ Example 3: If the system is in equilibrium, determine the value of the weight, W and the
i tension in the left wire.

i
1

Wy
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Example 4: W1, W2, and Wi are the weights of three objects suspended by pulleys. Assuming
that the pulleys in this system are frictionless and weightless and that Ws =12 N, what are the
values of W1 and Wa?

AN
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Equilibrium - First Condition Part One Problems

1. A 100 N sign hangs in between two buildings as shown.
Which rope will have the higher tension force, rope ‘A" or
Rope ‘B’? (Rope A with +101 N versus +77 N for Rope B)

2. For the force diagram shown below, let T1 = 50 N. Determine the magnitude of T2 and the
mass of the box. (+21N, 4.6 kg)

kA i | "‘T‘F
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3. A 20.0 N child sitting on a playground swing is being pushed by her father. When the rope
makes an angle of 27° to the vertical, what is the force exerted by her father when the swing
is pulled back? What is the tension in the rope, T? (F=+10.2N, )
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6. A 675 N object is pulled horizontally by a force of 410 N as shown. What is the angle, 0,

between the rope and the vertical? (31°)

F=410N
S *

675 N

7. A 64 N object is suspended using ropes as shown in the diagram. Calculate tensions T1 and

T2 in the ropes. (+41N, +63N)

8. An object is suspended as shown. If the tension in one of the ropes is 50 N as shown, what

is the weight of the object? (-30N)
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9. A 15 kg object rests on a table. A cord is attached to this object and also to a wall. Another
object is hung from this cord as shown in the diagram. Is the coefficient of friction between
the 15 kg object and the table is 0.27, what is the maximum mass that can be hung and still
maintain equilibrium? (2.34 kg)

S
I

7

10. A 735 N mountain climber is rappelling down the face of a vertical cliff. If the rope makes
an angle of 12.0? with the vertical face, what is the tension in the rope? (+751 N)

11. In the equilibrium state as shown in the diagram, find W and To.

HARAAARLSLL LTI LR LR
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12. Find the acceleration of the system (M =7.5 kg, m = 2.5 kg) if,
a) There is no friction. (5.2 m/s?)
b) The coefficient of kinetic friction is 0.33 (2.7 m/s?)

13. Assuming that the pulleys in this system are frictionless and weightless and that W2 =25
N, what are the values of W1 and Ws? (-32 N, -20 N)

14. Block 1 weighs 96 N. The coefficient of static friction between block 1 and the table is 0.50.
Find the maximum weight of block 2 for which the system will remain in equilibrium. (-36N)
%

%
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15. Determine the weight and tension in the left wire. (W2 = -61N, T1 = +181N)

W,

16. A mass of 3.0 kg is suspended from a cord as shown in the diagram below. What
horizontal force F is necessary to hold the mass in the position shown? (14.3 N)

17. A 15 kg block is pulled by a horizontal force. The supporting rope can withstand a

maximum tension force of 500 N. To what maximum angle, 8, can the block be pulled
without breaking the rope? (737)

Fﬁy/
0
\

G| string

m = 15 kg
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18. Three masses connected by a string are arranged on frictionless surfaces, as shown in the
diagram below. If this system is in equilibrium, what is the mass of m2? (3.98 kg)
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Physics 12 - Torque and Rotational Equilibrium

A body in translational equilibrium will have no acceleration in the x or y directions.

However, it could still be

Consider a teeter totter, with a 100 kg student on one end and a 50 kg student on the

other.

What are the net translational forces in;

The x-direction? é
The y-direction?
Although the net translational forces are zero, the system has a net torque — so it is not

in equilibrium.

An object in equilibrium must have both translational and rotational equilibrium.

Center of Gravity -

The center of gravity is the point at which the system's whole mass can be considered to

be concentrated for the purpose of calculations.

To this point in your physics experience, it has always been assumed that any forces
applied to an object are applied to its center of mass. This is illustrated when the object

accelerates in the same direction as the force.

The center of mass of a body does not always coincide with its intuitive geometric
center. If the object’s mass is not of a uniform density or shape, the center of mass
will fall in the area of the greater density or mass distribution.

e - : # * ‘lé;«};'gyi
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However, when dealing with objects in every day life, forces are not always applied to
the center of mass. What will happen in these cases?

Torque —

When the force is not applied directly to the center of mass, we just learned that the

object rotates.

Torque is a measure of how much the force acting on an object causes that object to
rotate. The object rotates about an axis, which s called the pivot point or point of

rotation. We will call the force 'F.

Torque is also directly proportional to the perpendicular distance of the force.
Which example will ‘twist’ the bolt with the most torque? Why?

A B C
@jb

5N 10N 15N

30 cm

ra— 20 Cm—

— 10 cm (=~
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The distance from the pivot point to the point where the force acts is called the radius
of rotation, and is represented by 't'. Note that this distance, 'r', is also a vector, and

points from the axis of rotation to the point where the force acts.

F

Lever Arm —

The lever arm of a force is the perpendicular distance from the axis of rotation to the

line along which the force acts.

When the force (F) is perpendicular to the radius of rotation (r), the lever arm and the

radius of rotation are the same.

When the force (F) is applied at an angle, the lever arm is found through the formula:

The symbol for torque is the Greek letter tau: 7

Torque is defined as:
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Torque is a vector quantity. A torque that will cause an object to rotate counter-
clockwise is assigned a positive sign, and a torque that will cause an object to rotate
clockwise is assigned a negative sign.

Net Torque:

Z T=7T dockwise + T counterclockwise

Remember — Counterclockwise rotation is assigned (+) and clockwise rotation is

assigned (-)

./ Example Two: A uniform 8.0 m long beam of mass 20 kg has a force of 210 N applied

6.5 m from point P as shown in the diagram. Find the magnitude and direction of the

net torque acting on the beam about the pivot point P.

F
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Example Three: A 100 cm meter rule is pivoted at its middle point (that is, at the 50 cm
point). If a weight of 10 N is hanged from the 30 cm mark (from the left) and a weight of
20 N is hanged from its 60 cm mark, find out whether the meter rule will remain
balanced about its pivot or not?

L |

/ Example Four:

Determine the location of the 50 N force if this system is in rotational equilibrium (X7 =
0 Nem)

X 85 cm

50 cm

50 N | 35 N
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Physics 12 — Rotational Equilibrium

An object is in translational equilibrium when -
An object is in rotational equilibrium when -

An object is rotational equilibrium will rotate with constant angular velocity, which could

be zero. The second condition of equilibrium is that in order

to have no rotation, there must be no net torque.

Torque is defined as: force x distance to pivot

Terms to know:

Center of Gravity:
Uniform Beam:
Arbitrary Position of Rotation:

With this in mind we can determine unknown measurements for a system in rotational

equilibrium. Determine the force applied at x.

ocm 1OCM 35Ccm : \ 80cm
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We can also combine this idea with translational equilibrium and this allows us to

determine the tension is slightly more complicated systems.

Suppose you need to hang a sign that is 10 kg 1.0 m from a rod that is not very strong. The
force of gravity on the sign produces a torque around the rod’s base.

NN

r=1.0Mm
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Option One: Place a pole under the end of the rod in order to prevent the rod from

rotating. How much normal force must the pole provide to keep the system in
equilibrium?

Hel
Wan@cé
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b
[@]
3




Forces and Equilibrium

Option Two: Support the rod with a wire.

If the wire attaches to the end of the rod at 40°, how much tension must the wire provide
to keep the system in equilibrium?

7
1 g
raom—7
/ Hel
/ Wan?cé
/
/
/
Examples:

A 25.0 N uniform beam is attached to a wall by means of a hinge. Attached to the other

end of this beam is a 100 N weight. A rope also helps to support the beam as shown in the
diagram. What is the tension in the rope?
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A uniform beam 5.0 m long has a weight of 200 N and is suspended by three ropes as
shown in the diagram. If an 800 N object is placed as shown in the diagram, what is the

tension of the ropes?
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s

Rotational Equilibrium Problems:

1. Determine the force at 40 cm. (25 N)

25N

0cm 40 cm 100 cm
“ 50 cm
0N
2. Determine the force at 80 cm. (3.64 N)
mass meter stick =05 1N
20 cim

Ocm 10 cm 35 cmn
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3. A beam of negligible mass is attached to a wall by means of a hinge. Attached to the
center of the beam is a 400 N weight. A rope also helps to support this beam as shown in

the diagram.

What is the tension in the rope? (311 N)

N

%

Z

0

i
IR

400 N

4. A 650 N student stands on a 250 N uniform beam that is supported by two supports as
shown in the diagram. If the supports are 5.0 m apart and the student stands 1.5 m from

the left support, what is the force that the right support exerts on the beam? (+320N)

‘ e | 5‘0 m L

5. Find the tension in the rope supporting the 200 N hinged uniform beam shown in the
diagram. (200 N)

PNy .

NG

S
i
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6. A 7.0 m uniform beam of mass 30 kg is attached to a vertical wall by a cable as shown in
the diagram. A 90 kg crate hands from the far end of the beam. Find the tension in the
cable connected to the wall. (1450 N)

7. A uniform 15 kg plank of length 4.0 m holding a 2.3 kg block is attached by a rope to a

ceiling as shown in the diagram. What is the tension in the rope? (116 N)

M?Om——ﬂ-@Sm%

8. A 5.8 m uniform beam is supported by a cable having a tension of 1300 N. What is the
mass of this beam? (286 kg)
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9. A gymnast stands on a uniform 2.4 m beam with a mass of 30 kg. The beam is held level
by a 2.3 kg book resting on a scale at the other end. The scale on the right end reads 340 N.
What is the mass of the gymnast? (52 kg)

10. A 6.0 kg box is supported by a uniform 2.6 m beam as shown in the diagram. The beam

has a mass of 1.8 kg. Find the tension in the cable connected to the wall. (118 N)
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Torque and Net Torqué Problems:

1. If the torque needed to loosen a lug nut holding the wheel of a car is 45 Nem and you
are using a wheel wrench that is 35 cm long, what force must you exert perpendicular
to the end of the wrench? (129 N)

2. A uniform 5.0 m long beam of mass 15 kg has a force of 165 N applied 3.8 m from the
pivot point. Find the magnitude and direction of net torque acting on the beam about
the pivot point. (224 N em counter-clockwise)

E
55°

38°

3. A uniform horizontal beam of length 10 m and mass 2.0 kg, has a force 55 N applied
9.0 m from the pivot point (P). Find the magnitude and direction of the net torque about
the pivot point produced by this force. (152 Nem counter-clockwise)

F
S0
P O ]
b 9.0 m »]
IL’-' 10 m

X

/) Pt



Forces and Equilribrium

4, The diagram shows situations in which a force acts along different directions and at
different points.

a) If the forces have the same magnitude, in which situation will the force produce
the greatest torque around the bolt?

b) In which situation is the greatest force required to loosen the bolt?

¢) In which situation does the force produce a clockwise torque around the bolt?

5. A 70 kg firefighter stands 4.8 m from the bottom of the 6.0 m ladder as shown in the
diagram. What are the magnitude and direction of the torque about the base of the
ladder at P produced by the firefighter? (1.89 x 10° Nem clockwise)
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6. A 100 cm meter rule is pivoted at its middle point (that is, at the 50 cm point). If a
weight of 2.0 N is hanged from the 20 cm point, prove that amount of weight needed to
be applied at the 80 cm mark so as to keep it in a balanced position is 2.0 N as well.

1 l

20N F

7. Several children are playing in the park. One child pushes the merry-go-round with a
force of 50 N. The diameter of the merry-go-round is 3.0 m. What torque does the child
apply? (70 Nem clockwise)

d=
r 3.0m

50N

/8. Determine the location of the 30N Force if this system is in rotational equilibrium
(22T =0 Nem) (86 cm)

10 cm (x) cm

45 cm

SN

VWO Y
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9. A person pushes on the edge of a 0.90 m wide door with a horizontal force of 5.0 N

acting at an angle of 35° to the plane of the door. What is the torque 8f (%153 force about
= 0.90m

the door hinge? (2.6 Nem counter-clockwise)

F=5.0N /

10. The crank handle on an ice cream freezer is 0.20 m from the shaft. At some point in
making ice cream, a boy must exert 50 N to turn the crank. How much torque does the

boy apply about an axis through the shaft? (10 Nem clockwise)
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Physics 12 -~ Lab: Rotational Equilibrium Investigation Name:

TR TN R SRS B , I :
S ok ED I S RIS B U IS
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Purpose: To investigate the conditions necessary to prevent the rotation of a loaded beam.

Procedure:

L)

1. The diagram above shows you how you can find the center of gravity of a meter stick very
quickly. Hold the meter stick on your fingers, as in the diagram. Slowly slide your fingers toward

each other. When they meet, they will have the center of gravity’s “surrounded”. Try this several

times.
caq
( - ]
N
pivot

2. Mount your meter stick on a stand (as shown above) with the pivot exactly at the center of gravity.
(Few meter sticks are perfectly uniform, so do not assume that the center of gravity (CG) is at the 50.0
cm mark). Adjust the pivot point precisely until the meter stick is in equilibrium. Record the position

of the CG to the nearest millimeter.

3. Use a very thin, light piece of wire to attach a 1.00 kg mass at a distance of 20.0 cm from the pivot.
The force of gravity on this mass will be 9.80 N. This force is labeled Fr on the diagram. The distance
from the pivot to the point where F: acts is called the lever arm and is labeled ri.The torque due to F:

produces a clockwise turning effect, and is called a clockwise torque. It is labeled as 77. (7, = F}1;)

4. Suspend a 500 g mass by a light piece of wire on the other side of the meter stick. Adjust its lever
arm until the meter stick is in a state of equilibrium. The force of gravity on the 500 g mass is 4.90 N.
Call this force F2 and its lever arm, 12 . The torque, 2 is a counterclockwise torque. (T , = F. 27”2)

Record the forces and lever arms in the data table. Calculate the torques and enter them in the data

table for Trial 1. (Torque is expressed in Nem)
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Data Table — Observations for Torque

Trial F1 1 T1 | ) o) T2 Fs 13 | T2+
(N) (m) | (Nem)| (N) (m) | (Nem)| (N) (m) |(Nem) | (N°m)

1

2

3

4

5. Repeat the experiment, but place the 1.0 kg mass 25.0 cm from the pivot. Use two masses

to produce counterclockwise torques and adjust their positions until the meter stick is in

equilibrium. Measure and record all the forces and lever arms in the data table. Calculate

torques T1, T2, and T3 and record them in the data table. (Trial 2)

6. Try another combination of at least three force of your own choosing. Record all the forces

and lever arms and calculate all the torques needed to produce rotational equilibrium. (Trial

3).

pivot

force of gravity

Y
F

on metre stick
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7. Finally, set up your meter stick as in the diagram above so that the force of gravity on the
meter stick produces a clockwise torqtte. Place the CG 20.0 cm to the right of the pivot. Use a
100 g mass (force of gravity 0.980 N) to balance the meter stick. Move the mass to a position
where the meter stick stays balanced. Record all of your data in the data table as Trial 4.

Note that in this case Fi1 is the unknown force of gravity on the meter stick.

8. Hang the meter stick from a spring balance and measure the force of gravity on the meter

stick, according to the spring balance. Record this value. Fg on meter stick =

Concluding Questions:

1. Examine your calculated torques for each trial. When rotational equilibrium is
achieved, what can you conclude regarding the clockwise torque(s) when compared
with the counterclockwise torque(s)? State a general rule describing the condition(s)

required for rotational equilibrium.

2. What are some likely sources of error which might cause discrepancies in your
results? What is the maximum percent difference you observed when comparing the

sum of clockwise torques with the sum of counterclockwise torques?

3. Use the general rule that you described in question #1 to calculate the force of gravity
on your meter stick using only the torques involved (Procedure 7). Calculate the
percent difference between your calculated force of gravity and the force of gravity

according to the spring balance. Explain any discrepancy you observe.
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Physics 12 - Static Equilibrium

An object is in static equilibrium if it is at rest. In static equilibrium, the sum of the

external forces is zero, and the sum of the external torques about any pivot point is zero.

Both conditions of equilibrium must be met to be in static equilibrium.

By using both conditions together we can determine even more about the forces acting on

a structure (very helpful when designing a structure!) or a system.

Last lesson we determined the tension for the following situation using the second

condition of equilibrium - 2. 7 =0.

For the same situation, what are the horizontal and vertical forces that the wall exerts on
the beam? We can no longer use torque because no torque is produced when applied to

the pivot point.
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We determined Ti last lesson by using the first condition of equilibrium. However, no
torque is produced by T2 or Ts (they are applied to the pivot point). In order to determine

these tensions we will now need to use the first condition of equilibrium.

' A uniform beam 5.0 m long has a weight of 200 N and is suspended by three ropes as

shown in the diagram. If an 800 N object is placed as shown in the diagram, what is the

tension of the ropes? é
r|'® 7
e —y. 30
<=—>»1.0m
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Example:

v/ A uniform 12 m diving board with a mass of 21 kg rests on two supports as shown in the
diagram. A diver is standing at the right end of the board. If support B exerts a reaction

force of 960 N on the board, what reaction force does support A exert?

21 kg
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Static Equilibrium Problems: a

1. A beam of negligible mass is attached to a wall by means of a hinge. Attached to the
center of the beam is a 400 N weight. A rope also helps to support this beam as shown in

the diagram.
a) What is the tension in the rope? (311 N)

b) What are the vertical and horizontal forces that the wall exerts on the beam? (Fx=+238N,

Fy=+200N)

2. A uniform 50 kg plank of length 10 m is suspended horizontally by two cables. A 4.0 kg
block 2.5 m from the left end of the plank as shown in the diagram. Find the tension in

eachcable. 327N, 284 0N) ., = ..o

62°

3 A S R PRI IINE 720 A S fo 1
MRS 2% w S DI S L ) R it bk 2 11}

2.0m
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3. A 650 N student stands on a 250 N uniform beam that is supported by two supports as
shown in the diagram. If the supports are 5.0 m apart and the student stands 1.5 m from

the left support, what is the force that the left support exerts on the beam? (+580 N)

4. A uniform 18 kg beam with a length of 5.0 m is mounted by a hinge on a wall. The beam

is held in a horizontal position by a cable with an angle of 35° and supports a cage with a

mass of 3.2 kg as shown in the diagram. Find the force that the hinge exerts on the beam.
(+285 N)
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5. An 800 kg automobile moves toward the right end of the bridge which has a mass of
5300 kg and a length of 22 m. Find the reaction forces exerted by supports A and B on the
bridge at the position shown in the diagram. (+2.78x10* N, +3.20x10* N)

800 kg
e

6. A uniform 400 N diving board is supported at two points as shown below. If a 75 kg
diver stands at the end of the board, what are the forces acting on each support?
(+3.74x10°N, -2.61x10°N)
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You've decided to build a new deck. It is to be 10 m wide and
run the 30 m length of the house. You must estimate the weight
of the deck, as well as, the maximum load you expect it to
support to be 6000 N. The deck is to be supported where it is
attached to the house and at the outside edge by support beams
that make a 45° angle as shown. What will the compressive
tension in the support beam be? (You can ignore the weight of the

man and the beam as they are included in the max 6000N load)
(-4.24x10° N)

8. A rigid, vertical rod (2.0 m) of negligible mass is connected to the floor by an axle
through its lower end. The rod also has a wire connected between its top end and the floor.
If a horizontal force of 200 N (F) is applied at the midpoint of the rod, find a) the tension in
the wire, and b) the horizontal and vertical components of force exerted by the bolt on the
rod. (Fu =-100N, Fv = +84.2N)
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9. A uniform beam (mass = 40 kg) is supported by a cable that is attached to the center of
the beam as shown in the diagram.

a) Find the tension (T) in the cable. (1.17x10% N)

b) Find H and V (the horizontal and vertical forces acting on the hinge)
(H=-936N, V =-157N)

llo ¥g
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Physics 12 — Lab: Equilibrium Names:

Purpose: To determine the supportive X-component and Y- component forces provided by

the plasticine bases required to keep your structure in static equilibrium.
Task:

Working with a partner your task is to build a simple structure to support a 200 g mass
between your two desks spread 13.0 cm apart. The mass must be suspended at least 3.0 cm
above the desk top and must be attached to a connection point. No more than two tongue
depressors can be used to connect two tongue depressors. The structure can be

anchored/supported laterally with small pieces of plasticine.
You have the following materials available:

e Brass connectors

e 3 tongue depressors

e One piece of string

e One 200 g mass

e Two small pieces of plasticine

e Use of an electric drill to drill holes in your tongue depressors (your teacher will do

this, but you will need to indicate exactly where you want the holes drilled).

Design: Before you begin building your structure, draw the design. Draw the FBD's for each
pivot point in your design. When you feel you have a complete design that will hold the
200g weight, you may begin building your structure.

Testing: Once you have built your structure, you must have your teacher come over and

observe the structure supporting the 200 g mass.

Teacher’s initial:
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Write-up Instructions:

1.

On your FBD (you must use a ruler), label all the forces, pivot points, torques, and

distances.

Using what you have learned about rotational equilibrium, calculate the reaction

forces produced by your structure.

Using what you have learned about translational equilibrium, calculate the X and Y

component forces provided by the plasticine supports.
Label your calculations (so I can easily tell what you are working out!)

Attach the calculations to your free-body diagrams.
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- Provineial TEx

f. A 12 kg cartona 23° frictionless incline is connected to a wall as shown.

wod

‘Wall

‘What is the tensien 7 in-the-cord?

2. An 85kg object is suspended from a ceiling and altached tosa-wall.

Left-hand rope

{

What is the tensien in the left-hand rope?

"~ 3, A student stands on a uniform 25 kg beam. The scale on the right end reads 350 N.

. 25 kg Beam
‘ /l/ Scale
@W 350 N

3.0m —




Forces and Equilibrium

c £y o N R R T it my e ol vl o
e A VNS T Luu.L\, 113 DUana Lt u}x.:';::l PG AR IS "'_, SRR S SN ': IR EACI AN S ST H ST s TR IR
= . =

cable. A 93 kg object 1S cormected o one end of the beam.

Cable

480 . 6.0.-mebeam, 32:kg

‘64//’%/

93-kg object

What is the magnitude of the horizontal ferce F), that the hinge .exe:ts on.the beam? (7 ‘marks)

40m ——>

o,. A body is in rotational equilibn’ﬁm when

-\

A, Zt=0
B. ZF=0
C. Zp=0
D. ZE =0

G. A 110kg object is supported by two ropes:attached to the ceiling. What is the temsion T in
the right-hand rope? . ‘ .
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<. A 35kg uniform plank is balanced at one end by a 55kg student as shown.

o am e
s

What is-the overall tength ‘of thissplank?

8. A 6.0:m uniform beam of mass 25kg Ai's "s:-ufspenﬁédi%lﬁ;y::a-:cﬂai'-bl;é;asesh@wn.:' An 85kg object
hangs from one end.

Beam. (25 kg, 6.0 m)

85 kg

What is the tension in the cable? (7 marks)
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4, A 150 kg objectis suspended froma cei]jhg and‘attachéd to a wall. What is the tensior &n the
left-hand rope? I

Left-hand rope -

150 kg

7

\O.. A 42m long-uniform pest-is supperted by d cable having a tension of 1700 N. What is‘the
mass-ef:this.post? -
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-

[l. . A circus performer on a unicycle of Lotal mass 55 kg rides across-a uniform 30 kg beam. Fhe
-SUpPOILS are placed equal distances from the ends of the beam

f< 8.0m

hd

a) When be is at the position shown, determine the forces exerted by the supports.on the
beam. ; '

(5-marks)
b) ~Asthe petformer moves toward the right the force exeited:by support B will
] ‘ fema:iﬁ the same.
] increase.
{1 decrease.
' |
(Check: one response.) )
c) Using principles of physics, explain your answer to b). : (3:naaxnks)
\a. A force Fis applied to a uniform horizontal beam as shown in the diagram-below.
V\F
0
Pt ]
- : |
. ‘ s

Which of the following is a correct expression for the torque on the beam about pivot point P.
due to this force?

A. Fsin6-d
B. Fsin@-d/{
C. FcosB-d
D. FcosB-d/¢f
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Cable 1:,. - ‘
L Cable 2
W’gat is tbe‘tené’ioq n -each' of these caﬁles? g . | l . o (7 marks)
(o A uniform 1.5 kg'bcam }”nnged at one end supports 2 0.50 kg block. The beam is held level

by avertical 0.80%kg rod Testing on a Newton scilg at the other end.

0.20 m>je——"—" 0.60 m ———1 }.5 kg beam
i

0.80 kg rod

Newton
| scale
What is the readirig on the scale?
A. 86N
B. 9.1IN
C. 16N : |
D. 27N .
| 5. A 450N ch‘andel-ier'i'~s' supported by three cables as shown in the diagram.
60°
S
.
iy 450N

What is the tension in the horizontal cable?
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N A N P PTI . - M Lo oo i N N
o oA Detiih s (0 0e RCPEDUHZOIUE Uy & vord. L winch of e four situations shown beiow wiil (e
tension in the cord be least?

, .l +, A -cra%me is:uscéfat@gl‘ift one end of a unifemm 15 m long:,p,ipé with a.mass of 730kg as shown in
" the diagram below. - : :

What is the minimum force of tension in the cranecablesto just lift the end of the: pipe off
the ground? '

| B, A traffic sign-hangs from two cables.as shown.

One Way
. e

r

If the tension in each cable 1s 220 N, what is the weight of the sign?
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19. Whjch.:olf_ the four problems shown requires the application of torque?

What is the tension in'the supporting cables? What is the friction force acting on the block? '

"What is theracceleration ofthe puek? Whatforce does the wall.exert onsthe board?

Q0. A uniform 6.0 ni-long boom has a mass of 55 kg. It is kept in position by a restraining eable
attached three-quarters of the way along.the boom.

Cable

Hinge

‘What is thestepsion in thisscableswhen.the beom;supports.a 150 kg mass as shown? (7 mawks)

n a table and is then subjected to two forces of

‘A1) . A metre stick, as seen from above, is sitting o
] equilibrium?”’

equal magnitude as shiown. In which case would the metre stick be in rotationa

N B,

C. F D. F/
C | — - ?
Vs o F
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. 0.122°kg Rod 065 m————%—0.25 m—
. .\’
' QLZOkg

0.50 kg

At what distance x should the 0.20 kg mass be placed to acbieve static equilibrium?

| a3 A uniform 1 2(}0’k'g's*te.§1 girdef 1S suppoﬁed*hoﬂzbntaﬂy at its endpoints as shown:in the
diagram.

Container .~ ' .
. Steel girder

BN 1
N
-k —

SupportA Suppert B

——J

L 8.0 mote— - 24.0m ——>

What are the upward forces at the girder end points, when itis beanng a 3700 kg shipping
container 8.0 m from suppert A? ' ' (7:maxks)
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Forces and Equi hbeum
‘ Answers: -

Y6 N

. 2 5QON ('::?.%’4 )

3 -58.‘43 (.
HEVMROIN R
e e o, BHON. .o

Fi o T
_ BILSxDN. T
.,.._A_,M__;__,_ﬁ,j_é,.ﬁfmfﬁ.. e T
S (e 5.5.:%.!0?.)1‘;9:; Ll
A ‘.,‘.,H_.‘_FB‘?H’,,-%*Z’:I'DQN , Fﬁ\: 3.6,740&)\)

b) \ncrense , .
" o) As the CBCJ\‘S‘V move s Toward B +he lever arm  inorease s

- Creating o larger clockwise Torc@;u-.e . To maintorn static
e%ui\\br{um the countercdoekunse taruf; must atso
increase and since dois Fixed (d=8.0m) the Force

4

t." ' -

S Mmust increase.
a. A7 \
13. T, = 20aN, T, = da4N
B ROON™ - 7 0
lb.D 7
7. 3.58 ©io° N - S
8, a.5r0%N _
9. D B
a0, L.owO N
al. B
D O.50m . . ,
Q3. F,= 3\51%10*:\‘}765 LoD N
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Physics 12 - Introduction to Translational Equilibrium Name:

Objects on Earth have at least one force acting on them at all times (gravity). However, since
many objects are at rest, there must be other forces acting on them in order for ) F=0N (so that
a=0m/s?).

For a body to be at rest, the sum of the forces acting on the body must add up to zero.

Equilibrium — When the net force (the sum of all the forces) on an object is zero, the
object is said to be in equilibrium.

Since we deal with an x-component and y-component for most forces and motion, both
components must add up to a net force of zero as well.

First Condition of Equilibrium

> Ex=0 AND > Fy=0

A simplest case of equilibrium is the case in which two equal forces act in opposite directions
on an object. The resultant force is zero, and the object does not move.

Example 1 — Two dogs are fighting over a steak. One dog (a pug) is pulling north with a force of 3.0
N, and another dog (a schnauzer) is pulling west with a force of 4.0 N. How much
force and in what direction would I have to pull on the steak so that the steak does not

move?

Vector Component Analysis: m;}i mim | , V 27___)2: O l y
pig: On +3.0K zFy=0
oD schnouzess <4 0N ON
| ZF, = 0 +(-4.0)+ Fx=0
=Fy= 3.0+0+Fy=0

F=+4O0N  Fy=—3.0N

With what TOTAL force must you pull on the steak to hold it still (magnitude and direction)?

40 < R 3Z+L/2 = 5.0N
1 AR
4oN Total F = 5.0N@ 53" Eo £

(e
Z
s
AV

N
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In order to solve equilibrium problems, you must have a good grasp of Free Body diagrams

ZFnet =0
}

and of vector components.

| ZFx:ﬁ

ZF},::G

If we find all the vector components of all the forces in the x direction and they sum tg zero,

can there be any acceleration in the x direction? no

2Fy 20 10r in
Hhat direchpn

If we find all the vector components of all the forces in the y direction and they sum to zero,

can there be any acceleration in the y direction? NO

ZFy70

If there is no acceleration in the x and y directions, is there any acceleration atall?  NJ()

Example 1 - A 2 kg book is sitting
motionless on a table. Draw a diagram
of the book on the table, and then draw
a F.B.D. of the book to find the force

applied by the table.
F;\l =+19.6N
=-19.6M
9 PN

m::a.()y A

\/@
ZF=on
/ij:*Iq.b +19.6=0

l/ﬁFX: O+0 =0

. Example 2 - A 2 kg book is sitting

=equi libriugg

motionless on a table. A helium
balloon is attached to the book and the
tension in the balloon string is 2 N.
Draw a diagram of the book on the
table, and then draw a E.B.D. of the
book to find the force applied by the

table. T-;"'Z.N ‘ T 2
Fl'vz ‘ A
F==19.6N

m:l@@ L

Z2F=0N \lf@

‘/2Fy =+ Fy+(~19.6)=0

Fy=1tl7.6 N
(/fF\,\‘—'O £ O =0
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Example 3 - A 54 N force acts at 18° and a second 45 N force acts at 50°
a. Determine the resultant force.

b. What is the magnitude and direction of the force that produces equilibrium?

) e e a8

C@&/g(é’) Smlg(@D
=1+5IAN" = .

c0sSD(4s)  SIn 5‘0(545)

=+ 2998 T +345N
Z\‘:'—”»()Nﬁff’x 5|4 +28. ‘3 + f‘}—- O TF=-—803N
80.3N

a2 9> A= [80.355i2" = 95.2N
Ve R (B2 )= 52505 of W
Equilibriam Force = 45.2N@ 325° SoF W

Example 4 - A 2 kg book is sitting motionless on a ramp that has an angle of 80° with

respect to the vertical. | For part ‘C” assume that if angle decreases to 79° to the vertical,
the book will begin to slide. *

_A) Why does the book not slide down the ramp? @

B) How big is this force /E'_F_ = F; / SO 2 F =6 /\[
: . . 0
_C) Calculate p @ /_._—// — m9 Sin 1D

=(2.0Ya.8)sin10"= 3.9 N

_ since the £ 1snNOW
© /:72 —/@F/J 119 heed 4o calc.:

x Ry tor 11°
= uoF =(20-99)cosll = 1921
Wa-dlN Ms=0- 195 sassume F/ Fr for 1°
334=ps 112 s will T 2(2.0-9.8)sinll = 334N
Overcomes

Ms



o Two forces act on an object. One force is 6.0 N east; the second force is 8.0 N R
north. If the object is in equilibrium, find the magnitude and direction of the i« " \ o

Forces and Equilibrium’

Introduction to Equilibrium Problems

1. A force of 55 N acts due west on an object. What single force is required to
produce equilibrium? (55 N [E]) M
€. e ? k=0
Ve -
_i5 2 . = 55+ K =o

2F=0oN F=+55N or ‘w]

force that produces equ111br1um (10N @53° S of W)
| SF=0+ 6o+ =0 F=- 6o
F:\/ § b+ 0O + ﬁ o Fy= -g.oM

Egm//fbfjmm Force = [ONQ 53" Sof

3. A 62 N force acts at 30° and a second 62 N force acts at 60°. What is the
magnitude and direction of the fgrce that produces equlhvlum? (120 N @ 45°

co530(62) Si n?@@@
=+3IN
) sin6o(b)
\2 %l N = +5H Nﬂ_:_
sF=51+3ltF =0 F,=~85N
F‘;, =31 +54 +Fy = Fy=—"0©5N

@\‘ R=\852+85* = 120 N @5 "Sof W
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4. What force is required to satisfy the XFx = ON condition for diagram A below? (-6.0N)

=k =cos60(12) + Fyy =© Fx=—6.0N

5. What force is required to satisfy the XFy = ON condltlon for diagram B below?(-5.1N)

ZFy=sih20(15) +Fy=0  Fy==51IN
A. B

120

& v &

A

: 4 ISN

A W

..................... AT et B

6. An 8.0 kg box rests motionless on an incline. Draw an F.B.D. for the box and

determine the values of each force keepin the box in an equilibrium state. (-26.8N,

EF = S;n;lo(a.oq,e)-rf—;; =0
Fp=-26.8N

g,z: =-cos20(8.0-9.8)+Fy=0
Fy=+33.3N

7. In the system below the pulley and ramp are frictionless and the block is in static

equilibrium. What is the mass of the block? (35.6 kg)
" Fgsindd pe348z N

KO0 = 79.5iN35

Fg=m
97" mM=35.b Ky
348.7=m(a.9)
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Physics 12 -Translational Equilibrium Name:

First Condition of Equilibrium

Y Ex=0 AND > Fy=0

A body in translational equilibrium will have no acceleration in the x or y directions.

Equilibrium is a very important concept in the Engineering and Design of any structure as
this is a good thing for stationary objects like bridges and buildings.

Yesterday we discussed the simplest cases of equilibrium in which forces were acting on an
object and we determined what would “balance” those forces to create a state of equilibrium
for theobject. ~ AKAKKKAKAKRAK

Fens=30 N Frens=30 N

Another example type of equilibrium is when objects are hung
and tensional forces must be in equilibrium with the weight of
the object (such as a sign or picture). ‘

~Example 1: A weight suspended by cables and the system is in equilibrium. A 200 N block is

suspended by two cables as shown in the diagram. Find the tension in each cable.
y

m S Iak 30.0° 45.0°

X .
ZE=—co30T| + cos45 10 =0

T;s —cos3oT, +sin30T] o
, ' ¥solve bor T,2 T, = costds T
T, tCodST, + sinfsT, I 0530

w: ON -0 Ti= 0.81b(T,)

L{H::SFnBO(O-%HoE)*sinLI'SE ~200=0 NIT O‘%'(O(HCD
200= LUST, T>=+I79N | -_+-—’_i9/l.d
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. /Example 2: For the force diagram shown below, let T1 =85 N. Determine the magnitude of T>

and the mass of the box. X \J
T L T,= -sin;b'(as) +00525(85)
e =-30 N =+77 N

5 T,= Ta ON
Ny
%5\\\ l TQZ?- W: O ._.W
) |
,ﬁ'l 2]-—;(:’_3(0 +7,+¥0=0 T1=+36 N
- - T 2’:\,:;"?-}-04’(-\/\[):@ W:”}q’
W mass= W = 17 _

1.9 K

Example 3: If the system is in equili‘_tg{:ium, determine the value of the weight, W and the
\

o7 \ON

tension in the left wire.

gso 3?0 _X;_. —!——
) == T -cos53Ty sin53T,
W=? T,% cas3(15)  sin3H1s0)
W: o -W

S Ry = —cosa3T; + cos3His0) r0 =0
T,=199N |

£Fy = 5in53(199) +sin3F (159 ~W =0
w= 249N
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;‘/Example 4: W1, W2, and W are the weights of three objects suspended by pulleys. Assuming
that the pulleys in this system are frictionless and weightless and that Ws =12 N, what are the

values of W1 and W2?

X
T+ ~CostoT,

T, cos YT,

T\ /('L

"
if ih eiwliériwm (2’:50@
= bglanced

Y f
é\h‘fUﬁ 2’/’—; = —(oSL{DT,'f“CosSDT;-rOtO

SwnS5oT, 1= 0.939T,

ZFy= sint0(0.83T,prsintDTs D =
,'3/7'2—; 2 T, = +9.2 N
1= 0.83(.2) = 77 FN

-12
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Equilibrium - First Condition Part One Problems VO
1. A 100 N sign hangs in between two buildings as shown. P P —

Which rope will have the higher tension force, rope ‘A’ or
Rope ‘B’? (Rope A with +101 N versus +77 N for Rope B)

A Y
~costsT,  sintST)

coswTz SNz
W==10DN v O -100

Zf-;( ~cosf5 ], +c0s52dT2 70 = O 77: L30T,

> Fy= cinlts (1.3172) +5in22 T, —100=0
" po=130T,  Tp= 412N T,=131(3%) s110/N

2. For the force diagram shown below, let T ts'30 N. Determine the magnitude of T> and the
mass of the box. (+21N, 4.6 kg) 50

Tlgxfwj .,_LQ’?.O TZ
2P

N

K h. --r-2 W

. X Y

. T4 —cous(s0) ine5(50)
! =—;l(-l N = 45,3N
Ty: T, O
w: O ~W

ZF;--—JH** T,+0=0 sfy= 45,3 +0-nW =0
= 42/ /\l w= 45,2 N
mass= 453

it =16 Ky



- Forces and Equilibrium

3. A 20.0 N child sitting on a playground swing is being pushed by her father. When the rope
makes an angle of 27° to the Vertical what is the force exerted by her father when the swing

X \l
~cosb3T  sink3T
F F 0
W=-29 .oN Wi o -206.0

2F'7= sinb3 T +0 -20.0 =0
=+22.4N

£Fy=-cosh3(daf) +F 1070
F=+0.2N

4. Find the tensions T1 and T2 in the ropes shown in the d1a

=

ram. (Ti=+15N, To=+82N)

Ty ¢ ~(paT) —SIMaT,

T>
T, cosH0T, § N30 [,
T =-7sn We 0 Bk | 0°
S = ﬂcos;aﬂ +(oSBOL, +O= 0 | | 75N
=0.18%T,
21—‘7— —,smaa(oldg?’l})?smBDT 520 | Tom N T 3?3{92
a\,\o‘& 5. Given the followmg diagram, find W and T>. (Tz—+55N W—-111N) —_—

1 X i
T —cosklhe) sinko( %)

T, cos30T, 53Tz Ti=
w: O -~W

SFy= -4 + coshoT,ro=0 To=+55N N
ZF\/ 93)+5m30(55) W=0 WNIHN

96 N

W =2
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6. A 675 N object is pulled horizontally by a force of 410 N as shown. What is the angle, 6,
between the rope and the vertical? (31°)

W=675N -‘( >
+an (75 31

675 N

7. A 64 N object is suspended using ropes as shown in the diagram. Calculate tensions T and
e ropes. (+41N, +b3N)

T2
'SDO _ .__)_(_ l—»

T -(0935T, siN3dT,

za-—cwzérmssomo'o T =0705T>
2177—9n35@?3ﬂ} +5iNSDT, M =0
faaT=6y T,253N  T,=025(53)=1IN

8. An object is suspended as shown. If the tension in one of the ropes is 50 N as shown, what
is the weight of the object? (-30N)

{};60“\ X N

3y Z° Te-T, O |
T ws%‘(.‘SO) SgH(50)

W W: o W

ZF)(: =T, +cos33 60} +0 = ©

» ~+loN
2‘1‘ 0 + sws?(E0)~W=0

W=-30N
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9. A 15 kg object rests on a table. A cord is attached to this object and also to a wall. Another
object is hung from this cord as shown in the diagram. Is the coefficient of friction between
the 15 kg object and the table is 0.27, what is the maximum mass.ghat can be hung and still

maintain equilibrium? (2.34 kg) a! x.\ X
%) 57
6‘((-011 qjq AN T (D&?DT SIN30T,
Fpy -39+ O

we O -~ W

YL

E = c0s30T; +(-39.4)10 =0
2k T.= HoN
ZF *51”30(%) W+0z0
N 229N ~9.%=2.3 kg

10. A 735 N mountain climber is rappelling down the face of a vertical cliff. If the Tope makes
an angle of 12.0° with the vertical face, what is the tension in the rope? (+751 N)

X e
T: ~coc(T) sin?eT
r: F 9,
NI — 735 N

2 Fz sin19 T +0 +(B5)=0
T"*l_.i\’

) +F+Oo =0 F=156N
11. In the equilibrium state Z;fé{wn in ghe d?agr[m §Ld W and To.

12 65"‘ x __Y_
A L
6y e wsat(55) s 55)
T;: —cosbSﬁ; SN3TS,
w: © —W

J(Q@ :.;.40 2]&: COéﬂ(SS)“C%GBTLTOSO T,;.;’*IQQM
E‘Fy: 5ina7{ 55) +sinb¥108) -W =0 W=+ IN
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12. Find the acceleration of the system (M =7.5 kg, m = 2.5 kg) if,
a) There is no friction. (5.2 m/s?)
b) The coefficient of kinetic friction is 0.33 (2.7 m/s?)

a) sh¥5(3.5-9.8)= 5AN = Fy ;
Feo Fli SF =52 3=§_& |

10

& d=52amls

M==033 -

b) F= 52N |
Fp=(0.43(254.5) + cosis(3:S 1)0B) e TN

=F=6) +(-25.2) = 2b. 8N 7=db.9 = 2Fml

(O
13. Assuming that the pulleys in this system are frictionless and sweightless and that W2 =25

N, what are the values of W1 and Ws? (-32 N, \3&iN) 2 X —l
ENB L T -tossq Ty Sin3AT
T, w=51(:S) sins1(23)

She —Cos3q77+6065)(35>‘f0 =0 1;=20.2M
Sy 5in8(202)+ §inS)(35) W3 =0

14. Block 1 weighs 96 N. The coefficient of static friction between block 1 and the table is 0.50.
Find the maximum weight of block 2 for which the system will remain in equilibrium. (-36N)

X Y

s3FT  9n3?T

3"& — ~u48 O
W ws © ~W
SF =033 T ~H§+0 =0

T: "f’GON
IFy=5im?(60)+0-W=0 W="2b
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15. Determine the weight and tension in the left wire. (W2 ,=(261N, T1=+181N )X :Z
T,: —cos?2T, sin?27,
T5: cos23Ty  SINABT,

W==1q6 N Wi © ~1

IFR= —Cos]T, +0523T, +0 =0
T,=2.a6T, T=2a46)="18LN

w,|  ZFy= siny2aasT,) +sindT; - b=t

16. A mass of 3.0 kg is suspended from a cord as sho‘v%nzlztg’eid' aéolxhl bell?w Whé/ N Wz - _é)“

horizontal force F is necessary to ho /? the mass in the position shown? (14.3 N)

22 %

T cosbT  sinbAT
o :
w=-29a4 N Wi O —aay
- ZFy= sinb47 +0=2a.4=0 T=432.F N

ﬂFx-— cosbd(3a.3)—F +0=0 F--43N

17. A 15 kg block is pulled by a horizontal force. The supportmg rope can withstand a
maximum tension force of 500 N. To what maximum angle, 8, can the block be pulled

without breaking the rope? (73° <0 o™ _)_(__
FTy// ¢, f 7 Fitostsod) Sn(s09)
7 / r-F O
T /) We-i2N oW o o TN
m =15k é ZFy= 51n6(5oo) +0 —-/47 =0

‘
i
?

P

( /4—’.‘) = )2°
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18. Three masses connected by a string are arranged on frictionless surfaces, as shown in the
diagram below. If this system is in equilibrium, what is the mass of m»? (3.98 kg)
m3= 7.0 kg

Foy = sin2l-6.3°9.3 Fp = sinbD Fg Fg=3%-0N
= 258N 33,9 = sinb0 - F
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Physics 12 - Torque and Rotational Equilibrium

A body in translational equilibrium will have no acceleration in the x or y directions.
However, it could stillbe _ " Of&,h N 5

Consider a teeter totter, with a 100 kg student on one end %, £ 50 kg student on the
other. ﬁe

Fu

What are the net translational forces in: G l/ l%
The x-direction? ﬁﬂ E @ N
y=0 Fo,

Although the net translational forces are zero, the system has a net torque — so it is not

The y-direction?

in equilibrium.

An object in equilibrium must have both translational and rotational equilibrium.

Center of Gravity -

To this point in your physics experience, it has always been assumed that any forces

applied to an object are applied to its center of mass. This is illustrated when the object

accelerates in the same direction as the force. GD

iy (C
?9/ Center of G,rqv N . 7%6 abJ@C‘YL
ToF accelerates in+e
/o some direchion as

® Jhe SF
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However, when dealing with objects in every day life, forces are not always applied to
the center of mass. What wﬂl happen in tbese cases?

x (£ the foree is apphed %}Q’O‘é "o ,’;‘gucei ) The

Fo

*rotodion 15 clock wise = Tc *rolaRom TS Connter-Clockeise.
Torque — o =Tcc

When the force is not applied directly to the center of mass, we just learned that the

object rotates.

S prirse So a smancare nf kv et -

2 Orgiie 18 @ MOGRNEL O 0w uch the force u%'j“‘e\b O an &,E}}QU’ muaes that e 3.‘.?’535‘“‘ te

b T Tt b b atred s aie 1 .

rotate. The object rotates about an axis, which is called the pivst point 6r poeint of
P . N

rotation. We will call the force '#'. '\ ; )

Torque is also directly proportional to the perpendicular distance of the force.
Which example will “twist’ the bolt with the most torque? Why?

A - C
— 5):

5N 10N 15N

30 cm——

20 cm—=

—1 10 cm

¥needdo nse both the F and. lever arm

T'Fd BT - (’f?ma'w@')c -d
A S XO?D) =(0X0.20 (IS)(O )
"I SN‘M = o ONm) LS N m
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The distance from the pivot point to the point where the force acts is called the radius
of rotation, and is represented by 'r'. Note that this distance, 'r', is also a vector, and
points from the axis of rotation to the point where the force acts.

point of rotaion F

,Dj Vot }?orl- nT

P ——r —
Lever Arm - (Jistance fom force. to P)

The lever arm of a force is the perpendicular distance from the axis of rotation to the

line along which the force acts.

hen the force (F) is perpendicular to the radius of rotation (r), the lever arm and the

—leverofm ~
vl Fis Lt
' lever orm= vy

radius of rotation are thg

¥ a longex fever arm
will produce higher Jorgne

hen the force (F) is applied at an angle, the lever arm is found through the formula:
C

1

X\;’; Jever =F-sin® | 0
S M VE

S0...in The gaquaﬂ"iori for forgne
T=pF-gin® (+he r-sin re,presehﬁﬁn%ql)ever

The symbol for torque is the Greek letter tau: 7

Torque is defined as: Z'-'-'-’ re F =re F; Sfﬂ@

[. lever arm
3, Force applic
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Torgue .8 a vector guaniity, A torque that will cause an object to rotate ¢oun

ign, and a torque that will cause an ob]ect to rotate

Z’cc-’-‘-(‘*‘)
Te =)

clockwise is assigned a sz itive si

5 o U,
clockowise is asmgnev & ¥

Net Torque:

ZT = T clockwise +ﬁte}’8ﬂk“’i5€ _‘é Zt — Z'Ck{cc
-\

Remember — Counterclockwise rotation is assigned (+) and clc;c\kv_visytation is

assigned (-) \_u

Example Two: A uniform 8.0 m long heam of mass 20 kg has a force of 210 N applied

6.5 m from point P as shown in the diagram. Find the magnitude and direction of the

net torque acting on the beam about the pivot point P.

wnidorm beam -—"C ';Oa+‘/’h6
i
Fg on beam vw/l cawse o ’forctme/ Z

F:atol\l

Coc™ Fer-sine
=(210)(6.5) SN
=4+ 1335 N-m

Cc= 19’ d'gs’lgé’w * 5In©

’6"9”* (8.0m -4.0m)

0¥ beam =
=(20-9.9)4.omYsin50) = — 600 N M

Z'Z Cee +2¢ = /5357"/ éO’O) 4'735-/\} )
ndi ka,s. ,ngégl% &‘i%%WIg

Fis (‘aucbfhj Zee rofation
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Example Three: A 100 cm meter rule is pivoted at its middle point (that is, at the 50 cm
point). If a weight of 10 N is hanged from the 30 cm mark (from the left) and a weight of
20 N is hanged from its 60 cm mark, find out whether the meter rule will remain

balanced about its pivot or not? 0.0 i'EI 040

. o o%o ol
Tec=r "F-sinb
[:/—j,tON willcause the. cc ro%zdwrg i:g«»- ION Fy= 20N

Z_CC"‘@ ;DXIO>SN’\% = “"'&,ON m

Ce=h - F-3nE
‘“"'@ F@X&@)ﬁ“m% = —.0 N

2T =lit 7 = 2.0+(-20) = 0N

sksince Sl =0 N r%”‘ 1S bcx lanced and 15 in
ST = M, | , / b{ M ( W ! n @)L

f@iﬁm

Determine the location of the 50 N force if this system is in rotational equilibrium (X 7 =
0 Nem)

Example Four:

r= . 035m 850m

it

\ 35}N
. A ‘>:CC ¢ <«  Tec #\ofx-\myt
IZz=0Nm | Zr(r.50-5i090) + (- (02535 smo§—<
v 50r + [2.25 =0
Cect (e =0ONmM = 0.25m or 25 cm

Qe D-(D (350 o {F5] ot
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Torque and Net Torque Problems:

1. If the torque needed to loosen a lug nut holding the wheel of a car is 45 Nem and you
are using a wheel wrench that is 35 cm long, what force must you exert perpendicular
to the end of the wrench? (129 N)

——/=0-35mn~ T=F-r-sin®
® oL_/]\ 48 = F(Q:BQ)S;IT 90
W AF=?  F=,29n

2. A uniform 5.0 m long beam of mass 15 kg has a force of 165 N applied 3.8 m from the
- pivot point. Find the magnitude and direction of net torque acting on the beam about
the pivot point. (224 Nem counter-clockwise)

iT: Le*+Tee

Cee=Frsin®= 165‘(3, 8)sin55
=7513.6 N-M N
Cc =7§~r-s}ne=(l'5 .9 g)Xa8)sin%)

Tee 1=~ N o 5N

Y

==089.6 N-m
2= 513.64(906) = +AUNM P S
<C0"‘-ﬂnlﬂ “clock Msc)

3. A uniform horizontal beam of length 10 m and mass 2.0 kg, has a force 55 N applied
9.0 m from the pivot point (P). Find the magnitude and direction of the net torque about
the pivot point produced by this force. (152 Nem colé}_}’gg_r-clockwise)

T \ F=SSN
L 5010, S

P% [ 1 i
L 9.0 e
e 1 >
. .@ - 3=~\q.b N
Tee=(E5X4.0)51n%0 e
=AA5D N-m
Te= (19 45:0)51n90 f’z = 5O "”(’“’@ g)
= -98 N = +/522 N

[ courer ¢ loc bwt se)
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4. The diagram shows situations in which a force acts along different directions and at
different points.

a) If the forces have the same magnitude, in which situation will the force produce
the greatest torque around the bolt?

b) In which situation is the greatest force required to loosen the bolt?

¢) In which situation does the force produce a clockwise torque around the bolt?

a) F; = /0/79657" /ccg?’Cn produces Q/QGHCS‘F 7“0qu€

T - chortest lever arm will require the most
9 ’ f‘;@ C?Fl; will not produ® o i_l_ = so i willnot

produce any }gﬂw&
Q) Fz will produce. 7, {_jé

5. A 70 kg firefighter stands 4.8 m from the bottom of the 6.0 m ladder as shown in the
diagram. What are the magnitude and direction of the torque about the base of the

ladder at P produced by the firefighter? (1.89 x 10° Nem clockwise)
only inferested in
T,=F-r:sind
= (4 - 43 - 6/n35
=-[889 Nm
/-84‘1/)('03 N clock wise
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6. A 100 cm meter rule is pivoted at its middle point (that is, at the 50 cm point). If a
weight of 2.0 N is hanged from the 20 cm point, prove that amount of weight needed to
be applied at the 80 cm mark so as to keep it in a balanced positiog is 2.0 N as well.

)

0.20m r=p.30m  r=030m (o®®

[ 1

CcC /
20N — 3 T«;C”x F=7

= 0.30°2.0° 5090 H-030 -+ ﬁxmﬁiD)“f@
F=2aoN

7. Several children are playing in the park. One child pushes the merry-go-round with a
force of 50 N. The diameter of the merry-go-round is 3.0 m. What torque does the child

T=F-r-sinb r=30_1.5m

?-,-50?/,5"53/)/10 _ <
= 70 Nem clockmse

7 apply? (70 Nem clockwise)

8. Determine the location of the 30N Force if this system is in rotational equilibrium

(X7 =0Nem) (86 cm) 9
10 cm r=0.35m— =1 (X.) cim

b

5N 3}IN

jZ—O ch"“Z"c ~

= 95" 0.35 - Slh@O*(“)O re sm‘%O>~O r=0Mlm
N= OH5+OHl = 0.8bM — 8b cm
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9. A person pushes on the edge of a 0.90 m wide door with a horizontal force of 5.0 N

acting at an angle of 35° to the plane of the door. What is the t\(,)\r/que of tlbe force about \C c
m

the door hinge? (2.6 N em counter-clockwise)
T=Fr sin©
“4+d.b N'm

10. The crank handle on an ice cream freezer is 0.20 m from the shaft. At some point in
making ice cream, a boy must exert 50 N to turn the crank. How much torque does the

boy apply about an axis through the shaft? (10 Nem clockwise)

0.20Mm ALSON T=50:60.20- Sian
) f =—|ONmM

“C
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Physics 12 - Rotational Equilibrium

An object is in translational equilibrium when - ZR =0 2 F;l =0
An object is in rotational equilibrium when - Zt =0

An object is rotational equilibrium will rotate with constant angular velocity, which could

be zero. The second condition of equilibrium is that in order

to have no rotation, there must be no net torque.\'\sé r‘07"a 717- 0N w
Torque is defined as: force x distance to pivot 611/“ librinmn

r=F.r-snb

Terms to know:

Center of Gravity: where +he a VCV%C mass ous Wh(f@ Wedmw Fg \

Uniform Beam: consﬂmt SMW ¢ densr'i}y

Arbitrary Position of Rotation: >IOM Ch‘DOSé ‘7"’})0 Jocation 07£ PJ VDt

With this in mind we can determine unknown measurements for a system in rotational

equilibrium. Determine the force applied at x.

e, 7

Ogm 1ucm 35 CMm . 80cm

(=0.10M
'___

e

~\N"Ccc - _poN
» » L4

O detcrmine direhon of rotation for cochforce.

@ZZ =0 so... Tc;, + tccz +(—Z'c> *(’ Ce, =0

® (b-0+ 035507 (5.5 - 0.0 +{~ ¥+ 045-5KAP(-5.0+D5 sii0)=C
21+ 0.85 +(—o0.45W) + (—135=0
6.40 = 015y X=.0N
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We can also combine this idea with translational equilibrium and this allows us to

determine the tension is slightly more complicated systems.

Suppose you need to hang a sign that is 10 kg 1.0 m from a rod that is not very strong. The
force of gravity on the sign produces a torque around the rod’s base.

/ T=F-r sin®

fu—"—:‘—m’i =9¢-10-$51n90 ‘

/ 1 = 9¢ N'm clockw

1 |Wared (-98 N'm) .
/ % ol

/ /J’@ 8N / acbc\oc“/

I %\5 %‘ (Od R

Option One: Place a pole under the end of the rod in order to prevent the rod from

rotating. How much normal force must the pole provide to keep the system in

equilibrium?
Zt=0
7 N Ceign + Cpole = O
/] 2.21“ \ a (C) CCC-)
]
y Hel“ ~94 + Cpole =0
/ Waonte _ ;
J , Tple= +99 N'm
A ey
Al Now /,‘nd Fu:

T=Fr 'siQ@ = + 4G\
99 = ]/;1 - 2.0+51n90
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Option Two: Support the rod with a wire.

If the wire attaches to the end of the rod at 40°, how much tension must the wire provide

to keep the system in equilibrium?

é A V\KC,O Z T = O
FQom—7 (CC) (C)
/ Hel ;
/ War)fr,cc‘ Twire —}'(—4@) =0 ZW)fe:-i—qg N «M
/ \
/) —_ .
/ \»’(jc Cpice= 11 5n0O T=+FbN
49 = [ Q.0 . 5int0 -
Examples:

A 25.0 N uniform beam is attached to a wall by means of a hinge. Attached to the other
end of this beam is a 100 N weight. A rope also helps to support the beam as shown in the

diagram. What is the tension in the rope?

This beam would
rofrivlc ardund (P) due

o +he. welight of the
beam ond The 100N .

SO - We use S'c=0N-m

L. R\TC‘? 5= Cc +(~ Z;,) + (!m C;) =0

P : e =(T:¥sin 30H- Ioo%sin@%zs-;%sincp)so
1 h /‘ F= ¥ s he Sotm&cf can be Cancelled
Lo =B 0N = e T~ 100 ~125 7O
@ 0.57 =135 T= 225N
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A uniform beam 5.0 m long has a weight of 200 N and is suspended by three ropes as
shown in the diagram. If an 800 N object is placed as shown in the diagram, what is the
tension of the ropes? Nlee

MY
\?@%@w 7,2 2T=0 Nm
:TCL ["Zo.){b(-—a) =0 |
_ (Ti-510- simO(-200-2.5 i) (~800-1.0-50) <0

= &5T, — 500 ~6o0 =0

A5T=1200  T;= 50N
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Rotational Equilibrium Problems:

- 1. Determine the force at 40 cm. (25 N)

0 cm 40 cm
. ' 50 cm
C&\)\’Cccl i
$
2.C=0
’CCC:"'Z_Ccz"'(—TO):O‘ L
=(¥-0.405in10)+ (25405 5ind0) +{(~30-05 SN )=
2 0.10x =5 x=25 N
0,l0L= 25 e

2. Determine the force at 80 cm. (3.64 N)

mass meteyr stick = 0.5 W

OW?O CITl 35 cimn

B0 cim

2}

¢

2N SN 4%y L
NS \g »Z‘C-C L\/%C
tCC,(,! m;, & 2

Z'U:ZZCI+QCZ+EQ5+(’Q,> ““‘["’T;CD =0 . .
=(5-0.35-sin+ (1 0.0-5n1) + (o:5-005:5in90) +(~2- 05 sincio) (=X 25 S00) =

|35 + 040 +p.025 — 0.90 — 0.25X =D
0 /5O%=1.275 x= 3. 64N

D i 4
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3. A beam of negligible mass is attached to a wall by means of a hinge. Attached to the

center of the beam is a 400 N weight. A rope also helps to support this beam as shown in
the diagram.

What is the tension in the rope? (311 N)

. 2T=Tec+ T =0
§ =T ﬁsmﬁfw( Yoo~ K- Sin90)=0

7

=p.643] — 200 =0
O0.L643T =200 T=3lN

7

i

E

%

P
7

4. A 650 N student stands on a 250 N uniform beam that is supported by two supports as
shown in the diagram. If the supports are 5.0 m apart and the student stands 1.5 m from

the left support, what is the force that the right support exerts on the beam? (+320N)

= Tec
Sr=0

=Cc¢, * 2224- Cec =0

/a
,(,«;o
:@gsbol,s~sinﬁo>+(—e€0 A% sm”lD)+(FN °6.0- sm‘iD) D

= —bR5 — 9F5 + 5.0Fy
7:,\[7'9‘590)\]

(i
"CL >
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5. Find the tension in the rope supporting the 200 N hinged uniform beam shown in the

diagram. (200 N) 2 r ,,(T % s/ n30> +( — 206D -ﬁlf%sinﬁ0>=(

0.5 =100
T= 200N

Te

6. A 7.0 m uniform beam of mass 30 kg is attached to a vertical wall by a cable as shown in
the diagram. A 90 kg crate hands from the far end of the beam. Find the tension in the
cable connected to the wall. (1450 N)

SC=0 |
=(T b- sinTQH{(-o:35 sinb0)H(~882 10 sinl)
N =y3T- g9l ~ 53T O
Y3T= 6238 [= I4SON
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7. A uniform 15 kg plank of length 4.0 m holding a 2.3 kg block is attached by a rope to a
ceiling as shown in the diagram. What is the tension in the rope? (116 N)

8. A 5.8 m uniform beam is supported by a cable having a tension of ]

mass of this beam? (286 kg)
ST = (1200 #:3- 5in85) (- F-2.9 5ins0)=
= ealp +(-223F)=0
Rlb=2220F F=2200N

=F = M: 256@
q 1.3

5 7=(132-5intp{(-117 205in0)+

(-2a.5 1.25in90)=C

1300 N. What is the
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9. A gymnast stands on a uniform 2.4 m beam with a mass of 30 kg. The beam is held level
by a 2.3 kg book resting on a scale at the other end. The scale on the right end reads 340 N.
What is the mass of the gymnast? (52 kg)

0.8 mee——1.6 m————~—»!$ Ay
2r=( 3024 'sin“@i—( ~2a.5°2M Sinﬁo)f*(—m"f- ;,;-s.’nc,o),u(.. Te04s ;nﬁl)): c

0.4F=409.2 F=5I11.5N mséz%i = 52.2 K9

10. A 6.0 kg box is supported by a uniform 2.6 m beam as shown in the diagram. The beam
has a mass of 1.8 kg. Find the tension in the cable connected to the wall. (118 N)

st 7226 5035 +{-1261 35

(- 583 'g,b'smqa):
49T =576  T=/I§N

)
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Physics 12 - Static Equilibrium

An object is in static equilibrium if it is at rest. In static equilibrium, the sum of the

external forces is zero, and the sum of the external torques about any pivot point is zero.

Both conditions of equilibrium must be met to be in static equilibrium.

2h=0 ,2F=0, Zc=0

By using both conditions together we can determine even more about the forces acting on

a structure (very helpful when designing a structure!) or a system.

Last lesson we determined the tension for the following situation using the second

condition of equilibrium - 2. T =0.

For the same situation, what are the horizontal and vertical forces that the wall exerts on

the beam? We can no longer use torque because no torque is produced when applied to

the pivotpoint. . vnwn Mthis hme we will use
_sN  Hhe st condion of
" (Hhord 0siny €quilibrium:
e L e 73007 Z'T)@cd) Shk=0 Z'Fy=0
. w@«r\ T
w=100N] |y o . |1y
H > 1 T
Te=C0s30T= (us30(225) R
Ty= 195N Vi, \ (w)) (W)

TY = (|3 N

=k =0 = Ix +H=0
[95 + # = O
H=~195N
(4o le )

2’,’:\/ =0 —> 7_9‘7" V#p,tWo =0
113+ +(-a5)+(~100)=0

= 412N
/ Cup)
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We determined Ti last lesson by using the first condition of equilibrium. However, no
torque is produced by T2 or Ts (they are applied to the pivot point). In order to determine
these tensions we will now need to use the first condition of equilibrium.

A uniform beam 5.0 m long has a weight of 200 N and is suspended by three ropes as
shown in the diagram. If an 800 N object is placed as shown in the diagram, what is the

tension of the ropes?

o om o o e

50m e
dthere Js no 710f€M6 aground +he. pivo/—poJmL

so we will need 4o use Zify=0 ZFy=0
fo Hind 7, and "Iz

Mé/'f\lyZ‘Z”:O /a,s%/ﬁ.ssog We, determvid T= 520N

/I{Tz_ %V _T;( :CQ§3€¥520>
e G

% @ N Tx=HSON
3 VR | 77} - sin30(5.20)
/%BN' P:‘IZQE)ON y = 26ON

SFe=0 = Tx+13=0 Ts = -4SDON

SFyz0 = Ty+ N Th, TH=0
AO T ( -800) +(~200> +1,=0

T,= 4O N
(p)
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Example:

A uniform 12 m diving board with a mass of 21 kg rests on two supports as shown in the
diagram. A diver is standing at the right end of the board. If support B exerts a reaction

force of 960 N on the board, what reaction force does support A exert?

(Dv@nd 1he dhers Mg;gm" fhrpu,jh Z7=0
~ Tee

S A0y -0k LY H=N"12) =0 N ot
N 91 kg | ™ ’

[2= =704 3 A— 9 ’
N=6/7N w | 4’?403“ AR

PR ATE R %0 e e UTC

|- 12 m -

> s 2h=0 , 2RO
Shy=0 N (no %*dtr‘caﬁana'ﬂtwé@Q
ilf Fat(-206)+(-617)* %0 =0
“fa= —127N

A
dicales That SMH,GDH"A'
QQM;C/Q wlls donnwads by
5’ ahd Screws,
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Static Equilibrium Problems:

1. A beam of negligible mass is attached to a wall by means of a hinge. Attached to the
center of the beam is a 400 N weight. A rope also helps to support this beam as shown in
the diagram.

a) What is the tension in the rope? (311 N)

b) What are the vertical and horizontal forces that the wall exerts on the beam? (F.=+238N,

F,=+200N)

0) S'r=0
= To y 5inH0% (400 - & £ sin0) = O
=0.43T —200 =0

8

s

i

|&;
&% ZFy s-costolg) + Fx =0 fy=+38N
S 3HN —ci e +F =0 —
A L e S, Fy=sinio(31)+(~4o0) + Fy

Fy=+200N

4l w=-uooN |
2. A uniform 50 kg plank of length 10 m is suspended horizontally by two cables. A 4.0 kg

block 2.5 m from the left end of the plank as shown in the diagram. Find the tension in

each cable. (327N, 284 N) using pivat point 1 (P):

S T=0

2.0 m=(‘+40'3) e (301‘9\.53)4_(__‘7; . ?lo-sjnlza
ST, =163  T;=284N “O
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3. A 650 N student stands on a 250 N uniform beam that is supported by two supports as
shown in the diagram. If the supports are 5.0 m apart and the student stands 1.5 m from
the left support, what is the force that the left support exerts on the beam? (+580 N)

Rt ZT=°
"@‘50)*(—925&25)*(%50-/.5) ~ Pl
S0lp= 1600 Fg=320N .

FZ: ZE{=O)ZF'7 =0

=
2’,1%; F.+ —éso>+( -250)+320=0 F =580N

4. A uniform 18 kg beam with a length of 5.0 m is mounted by a hinge on a wall. The beam
is held in a horizontal position by a cable with an angle of 35° and supports a cage with a
mass of 3.2 kg as shown in the diagram. Find the force that the hinge exerts on the beam.
(+285N)

B
b
M

N 30 s 35) “?“(MI‘?M 25)H=3136°5.0)=¢
19aT=543.9 T=348N

Tye—(0635(348)==285 N
Ty= -5in?5 (343)=+2.00N

o

o

PEnIE

S,

33'%
2f=0 A5 +F T © F = +285N
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5. An 800 kg automobile moves toward the right end of the bridge which has a mass of
5300 kg and a length of 22 m. Find the reaction forces exerted by supports A and B on the
bridge at the position shown in the diagram. (+2.78x10* N, +3.20x10* N)
2, =0

20 H - 510+ 1) H-19

22, = 6/ 05H0 =1 27752N
(%Q%xm NY

Zh=0
g Uoy+H
SFy a7y +(-5110)H -8 )’_’ Z

Fp = +32029 N
(5.20%10'W)

6. A uniform 400 N diving board is supported at two points as shown below. If a 75 kg
diver stands at the end of the board, what are the forces acting on each support?
(+3.74x10°N, -2.61x10°N)

L

Q‘-’z %*( ) (4051

1 r y o:SF._%r; F, = +374JON
| Y =0

2’]:;, = |, + 3740+ (~400) +(“735_> =0
F=—dkod N

/
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You've decided to build a new deck. It is to be 10 m wide and
run the 30 m length of the house. You must estimate the weight
of the deck, as well as, the maximum load you expect it to
support to be 6000 N. The deck is to be supported where it is
attached to the house and at the outside edge by support beams
that make a 45° angle as shown. What will the compressive

tension in the support beam be? (You can ignore the weight of the
man and the beam as they are included in the max 6000N load)
(-4.24x10° N)
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8. A rigid, vertical rod (2.0 m) of negligible mass is connected to the floor by an axle
through its lower end. The rod also has a wire connected between its top end and the floor.
If a horizontal force of 200 N (F) is applied at the midpoint of the rod, find a) the tension in
the wire, and b) the horizontal and vertical components of force exerted by the bolt on the
rod. (Fu = -100N, Fv = +84.2N)
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Forces and Equilibrium

9. A uniform beam (mass = 40 kg) is supported by a cable that is attached to the center of

the beam as shown in the diagram.
a) Find the tension (T) in the cable. (1.17x10° N)

b) Find H and V (the horizontal and vertical forces acting on the hinge)
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