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FORCES CAUSE MOTION—Lesson 2

Lesson 2 THE SECOND CONDITION OF EQUILIBRIUM (Rotakional)

Even though an object does not change its velocity (translational
equilibrium), it can still rotate. Consider a seesaw at the playground.
The seesaw has no translational motion, but it can still have rotational
motion. If an object is in equilibrium, it has translational and rotational
equilibrium. If an object is in static equilibrium, it has no translational or
rotational motion.

The first condition of equilibriumis > F =0.
[33 Ot condiien of equiibrivm iy ) F =0

T _ d TORQUE
- FI_ The second condition of equilibrium states that in order to have no
rotation, there can be no torque. For an object to have rotational
E N N\‘) equilibrium, the sum of the torques must be zero.

Think about removing a tight nut from a bolt. It will be easier to remove
this nut by using a long wrench. And of course, it depends on how you
apply a force to this wrench—it is best if you exert the force at right angles

umq: ‘E\k& WNA— to the wrench.
. The factors affecting the rotation of the nut are the perpendicular [:
wrmcm r “\3 component of the applied force and the length of the wrench (radius of

d&‘*ﬂV\C e OW w rotation). That is the distance from axis of rotation is perpendicular to the

lina alang whinh
1ine aiong wiilia the force act

The symbol for magnitude of torque is the Greek lelte
B rF}(@ Formula: 7= rFW

You will note that torque is the product of the radius of rotation, the
magnitude of the force, and the direction of the force.
The unit of torque is: N-m

Torque is a vector quantity; that is, it has direction. For convenience,
consider a torque that will cause an object to rotate counterclockwise as a
positive value, and consider a torque that will cause an object to rotate

clockwise as a negative value. q’r. ﬂ’{-& PY. l t wise
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Lesson 2—The Second Condition of Equilibrium

The second condition of equilibrium is expressed as

27=0

Three additional concepts need to be considered in order to apply the
second condition of equilibrium to problems:

« centre of gravity The second condition of
» arbitrary position of the point of rotation equilibrium is Xr=0
e lever arm

CENTRE OF GRAVITY

In torque problems, assume that the weight of an object acts at one point.
This one point is called the centre of gravity.

In cases involving a beam, the beam’s centre of gravity is the point where
it would achieve balance.

/ certre of gravity (Cﬂ)

[ 0 N |

\bala ed bea
nc m T‘F‘)’A

In the problems involving torque in this workbook, a uniform beam is one \ a,\wm‘,S
where the centre of gravity is at the centre of the beam. aasu ek o
. Kullcorum
ARBITRARY POSITION OF THE POINT OF ROTATION
In problems on torque, the point of rotation is usually placed at a hinge, a ‘
etc. But in some problems, the point of rotation may need to be
assigned arbitrarily. | 'clhh;r e
- pivok poink
LEVER ARM ¢ e

The lever arm is the pefpendicular distance from the axis of rofation to the

é
:
:

.........

In the equation for torq = i ing = lever arm.
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FORCES CAUSE MOTION—Lesson 2
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Solution
= rF {0 .
~ Fs;l& é/’\ T-hd
W 240N-m 24nm= oo d
100N d = 0.24mw
=0.240 m or 24.0 cm VA AANANANAAAAAAS
=T = Z TCuw

Example ®

A torque of 24.0 N-m is needed to tighten a nut. If a person applies a force
of 100 N, what is the minimum length of wrench required? \oON

GG L = (Fu-L)

asn- é’ 1l = B0 K

s = K @t
F‘;’l = EM“’ 72174 o

- asn

s ¢ in
A 25.0 N faniform be“'llsu attached to a wall by means of a hinge.

ﬂ =g Attached to the other end of this beam is a 100 N weight. A rope also
'S helps to support the beam as shown in the diagram.
d, = -€ = o. b as m
a) What is the magnitude of the tension in the rope?
VAN ANAANANANANY WA
Solution
This beam would rotate if the rope was not there. Therefore, use the
second condition of equilibrium to solve the problem.
Identify the forces acting on the beam, and draw a free-body diagram.
Tl

& P F. =7

F——
3 T, r3
IS
E £, FFI0N

The magnitudes of the parameters are as follows:
Fr — tension in supporting rope
F, ; g

¢ = weight of hanging mass
F,

£®) = weight of beam
Fy — horizontal force exerted by wall
Fy — Vertical force exerted by wall
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Lesson 2—The Second Condition of Equilibrium

Identify the point of rotation—the hinge (point P) is the point of
rotation.

Every force produces a torque except if the force acts on the point of
rotation.

Identify these torques using the second condition of equilibrium.
27r=0

n—n—15=0

riF;sinf) — ryFysin, — r3F3sin@ = 0

(Note: Since the length of the beam is unknown, let L be the length of
the beam.)

LF, sin 30° - %L(ZS.O N)sin 90° — (100 N)sin 90° = 0

(Note: divide both sides of the equation by L and L will disappear.)
F, sin 30° — % (25.0 N)sin 90° — (100 N)sin 90°= 0

0.50 F, —125N-100N=0

_125N+100N

050

T

=225N

The tension in the rope is 225 N.

b) What are the vertical and horizontal forces that the wall exerts on

the beam?
_the beam?

Solution H

In order to solve for F;; and F,, use the first condition of equilibrium.
To do this, consider the beam to be a point.

Draw a free-body diagram of the forces acting on the beam.

F,

T

)

H ’ +

‘ l
\]

F F,

v [;(h)

Note: the direction of ﬁH and Fv are not actually known

Break these forces into components if required:
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FORCES CAUSE MOTION—Lesson 2
E,
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erhicad : PRIV
F
£ l | &
! FF F
FS‘ ”5\.) F\ Fg(h) g
\ F, =F.cosf
| Q.V N J/ Fy, =F,sin@
F 5
» 100N Use the firstco dii  f equilibrium:
o= 5y 2.F.-0
237 FTx = FH — 0
R F,cos0 =—Fy
FS =S cel)  (225N)cos 30°=—F,
(225 N)(0.866)=—F;
SE._ =53 e“ -~ Fy=—195N
= " B
“? F,; is toward the left
F,=0
+ € = 5+00 2,
F‘; J By +Fy = Fyy —F,=0
Fisinf—F,, - F, +F; =0
Q, + a5esko = 195 (225 N)sin 30°~25 N-100N +F, =0
1125 N-25N-100N+F, =0
) v
Eo =335 pﬂ'f) F,=125N
dhue so F, is directed upward.
“wp* wan assun»rr“
Correctl Example @
A uniform beam 5.0 m long has a weight of 200 N on it and is suspended
. by three ropes, as shown in the diagram. If an 800 N object is placed on
th%aam, what is the magnitude tcnsion in each of the ropes?
4 ﬁ
[fon) A =
@_ om T s “‘w‘%““u«
—350m—>> _T';
- A
Z_Tw = 2T Solution 3.0)\.\ %op
(Bo1w) +@oor 3 Im) = (ﬁ. _J(':’m) Draw a free-body diagram. ?r-; b
) + (6% =, w@o)s) i} _
Gw e 5%:)“ Fioy F ZF‘; =2 Ft-‘b
0= e £
] " . o FT; = ¥
&,: Verkical P .
P |7 = §200(s5060)
Mw:sp go) © gb) = "("3_0 N
Goond  Jow F., , F. , F., are the magnitudes of the tension in the ropes.
F Tl 2 T3
iFlp = ZHsn o F,, = magnitude of weight of the object
= +
F" '@ BOOR+ 300 F,,, = magnitude of weight of the beam
Tzt W0uo fo°=_1000W ’
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Lesson 2—The Second Condition of Equilibrium

Begin solving this problem by using the second condition of
equilibrium to identify the torques involved. But in order to identify
the torques, there needs to be a point of rotation. In this case, there is
no obvious point of rotation. The point of rotation in this case is
arbitrary—in other words, choose where place to place the point of
rotation. Because there are two unknown forces at the left end of the
beam, treat this point as the point of rotation.

Remember: There is no torque associated with forces acting on the
point of rotation. Therefore, treating this point as the point of reference
means you are concerned with the torque due to Fr;.

Arbitrary point Feo Fum
of rotation

Use the second condition of equilibrium to find the magnitude of Fr;.
D.t=0
Ty =1y~ =0
nF sin@, —r,F,sin@, —r,F,sin6, =0
(5.0 mF, (sin 30°) - (1.0 m)(800 N)(sin 90°) — (2.5 m)(200 N)(sin 90°) = 0
(2.5m)F;, =800 N-500 N-m =0
F, = 800 N-m+500 N-m —500N

25m
Now use the first condition of equilibrium to find the magnitudes of
F,, and F.

Draw a free-body diagram.
F

A

gto) a(b)
Fy, = F, cosé Fp,, = F,, sinf

Use the first condition of equilibrium.
R =0 XF,=0
Fop,—F ;=0 Fryy + Fry = Fy = Fy,y =0
Fpco80 = F, F,sinf-F, +F, +F, =0
(520 N)cos 30°=F,  (520N)sin30°—800 N — 200 N +F,, =0
Fr; =450 N 260 N —800 N —200 N+F, =0

Fn, =740 N

The tension in the three ropes have magnitudes of 520 N, 740 N, and
450 N.
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FORCES CAUSE MOTION—Lesson 2

P TICE EXERCISES
CT:__ F:LA RAC C

Formulas: T =rF N y{f Z,rcu - 2 Ti

1. If the torque needed to loosen a lug nut holding the wheel of a car is 45 N-m and you are using a
wheel wrench that is 35 cm long, what is the magnitude of the force you exert perpendicular to the
(\O'\' V““ end of the wrench?

ea“l\‘

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

400 N

a) What is the magnitude of the tension in the rope?

b) What are the magnitudes of the vertical and horizontal forces that the wall exerts on the beam?
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Lesson 2—Practice Exercises

3. A 650 N student stands on a 250 N uniform beam that is supported by two supports as shown in the

diagram.
S

2

~

5.00 m

t——
1.50 m

If the supports are 5.00 m apart and the student stands 1.50 m from the left support,
a) what is the magnitude of the force that the right support exerts on the beam?

b) what is the magnitude of the force that the left support exerts on the beam?

4. A uniform 400 N diving board is supported at two points as shown in the illustration.

T

If a 75.0 kg diver stands at the end of the board, what are the forces acting on each support?

ENE
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FORCES CAUSE MOTION—Lesson 2

5. Find the tension in the rope supporting the 200 N hinged uniform beam shown in the illustration.

6. Find the tension in the rope supporting the 200 N hinged uniform beam shown in the illustration.
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