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Chapter 8

Torgue: Ability to cause rotation around an axis

Torque =

(Length between hinge and force) x (Force) x (sin “angle between length and force” )
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- When torque equals “zero”?
1) When Force equals zero

2) When the force is applied on the hinge “distance = zero

3) When the angle = zero or 180
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- Why do we use Sin “angle” and not cos "angle”?
Because (sin) is the Y component of the force, and it’s what really causes

movement
- Torque is greatest when angle =90
- Clockwise = negative

- Anti-clockwise = positive
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—> Past papers on chapter 8:

FM A
Q6) How much force (Fy in N) must the biceps muscle exert when a

5.0-kg mass is held in the hand with the arm horizontal as in the
figure. Assume that the mass of forearm and hand together is 2.0 kg.
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8) How much force (Fy; ) must the biceps muscle exert when a 5.0- -kg mass is held in the hand with the

arm horizontal as in the figure. Assume that the mass of forearm and hand together is 2.0 kg and their
CG is as shown.
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Chapter 9

Static equilibrium: NO MOVEMENT AT ALL
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A 40Kg box is placed at the end of a uniform board of length L and mass M. the pivot is placed a distance
L/4 from the end of the board as shown. If the board is in static equilibrium, then the weight of the board

(in N) is:
A. 200
B. 392
C. 120
D. 196
E. 784

-

The figure represents a forearm of mass m in a horizontal position as shown. The elbow joint, O, is 5 cm
from the force exerted by the biceps muscle, Fm. when a mass M is held in the hand at the position H, the
forearm is in static equilibrium. If Fm= 185 N, and M = 2.0 Kg, then the mass m (in Kg) is:

A. 19
B. 2.1
C. 05
D.. 11
E. 1.6
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Balancing a seesaw. A board of mass serves o~ T[" ma <2 k8

as a seesaw for +wo children, as shown in Fig. a. Child ‘ . B

A has a mass of 30 kg + Torue 7 R
and sits 2.5 m from the pivoet point, P (his center of ® :J

gravityis 2.5 m from the IF N
pivot). At what distance x from the pivot must child — 25m

B, of mass 25 kg, place herself

to balance the seesaw? Assume the board is uniform
and centered over the pivot.
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Y= 3m

Himgcd beam avnd cable. A uviform beam, 2.20 w long
with mass m= 25 kg is mounted by a small hinge on ¥
a wall as shown in the Figure.

The beam is held in a horizowtal position by a cable
that makes an angle 6=1°

The beam supports a sign of mass suspended from
its end. Determive the compovewnts of the force that
the (smooth) hinge exerts on the beam, and the
tewsion in the supporting cable.
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Ladder. A 5.0-m-lovg ladder leavns agaivst a wall at a C
point 4.0 m above a cement floor as showw in the A A

Figure. The ladder is uniform and has
mass m =12.0 kg. Assuming the wall is frictionless,
but +he floor Bvot, determive

the forces exerted on the ladder by the floor and b
the wall.
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Force exerted by biceps muscle. How much force
mustthe biceps muscle exert whew a 5.0-kg ball is
held in the hanwd with the arm horizontal as in the
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Fig. a. The biceps muscle is convected +o the forearm i — @
Wy a tewdon attached 5.0 cwm from the elbow joint. El @ . ol
Assume that the mass of forearm and hand —l2 _(20ke)e (G0kg)2
and their CG is as showw.
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Forces on vour back. Caleulate the magnitude and
direction of the force acting on the fifth lumbar IT—
vertebra as represented in Fig. a-14b. Fifth ~ muscles
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- Types of equilibrium :
1) Stable equilibrium: Return to normal state

2) Unstable equilibrium: Moves away from normal state

3) Neutral equilibrium: neither stable nor unstable
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Steel 200 X10

bone (limb) 15 xi10 1

EXAMPLE 9-10 | Tension in piano wire. A 1.60-m-long steel piano wire has
a diameter of 0.20 cm. How great is the tension in the wire if it stretches 0.25 cm
when tightened?

APPROACH We assume Hooke’s law holds, and use it in the form of Eq. 9-4,
finding E for steel in Table 9-1.

SOLUTION We solve for F in Eq. 9-4 and note that the area of the wire is
A = ar? = (3.14)(0.0010 m)* = 3.14 X 10*m? Then

Al
F =E—A
e()
0.0025 m
= (2.0 x 10" ’ <;> 3.14 X 10 m?
( 10" N/m?) - (3.1 107 m?)

= 980 N.

NOTE The large tension in all the wires in a piano must be supported by a
strong frame.
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In addibon 1o leusile stress, we have compressive stress
and sheoar stress as shown below :
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TABLE 9-2 Ultimate Strengths of Materials (force/area)
Tensile ngth Compressive Strength Shear Strength

Material _(_Nﬁg‘ (N/m’) (N/m?)
Iron, cast 170 x<_10° 330 % 10° 170 x 10°
Brass 250 x 10 250 x 10° 200 x 10°
Aluminum 200 x 10° 200 x 10° 200 x 10°
Concrete 2 X 10° 20 x 10° 2 X 108
Marble 80 x 10°
Granite 170 x 10°
Wood (pine) (parallel to grain) 40 x 10° 35 x 10° 5% 100

(perpendicular to grain) 10 < 10°
Nvlon 500 x 10°

Bone (limb) 130 x 10° 170 x 10°




Past papers

A 25.0 Kg uniform beam is attached to the wall by a hinge at point O. it is held in static equilibrium by
connecting it to a 1.5 m horizontal rope which is tied to the wall. A mass M=18.0Kg is suspended in
equilibrium from the beam using another vertical rope as shown. The magnitude of the horizontal
component of the hinge force (in N) that acts on the beam at point O is:
A. 1726

297.9

99.6

1221

235

monw

Q5) The figure shows a uniform beam fixed at its midpoint O. The beam can only rotate about an
axis perpendicular to the page and passes through point O. Which of the following graphs represents
static equilibrium?

e T N N

Q7) The figure shows a uniform, horizontal beam (length = 10 m, mass = 25
kg) that is pivoted at the wall at point O, with its far end supported by a cable
that makes an angle of 51° with the horizontal. If a load (mass = 60 kg) is &
placed 3.0 m from the pivot. Determine the horizontal component of the hinge P T
force (in N) acting at point O. 51°

298 189 264 242 50 1\



The figure shows a uniform, horizontal beam (length = 10 m, mass = 25 kg) that is pivoted at the wall,
with its far end supported by a cable that makes an angle of 51° with the horizontal. If a person (mass =

60 kg) stands 3.0 m from the pivot, what is the tension in the cable?

a) 0.83kN b) 0.30kN ) 0.42kN
d) 3.0kN e) 038kN

The diagrams below show forces applied to a wheel that weighs 20 N. The symbol W stands for the
weight. In which diagram(s) is (are) the wheel in static equilibrium? (the wheel is NOT pivoted )
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4. If Fi= 15 N, F2 = 22 N, F3 = 9 N, the magnitude of the net torque
around point O (in N.m) applied to the wheel of radius R=0.80 m is:

7.4 M2 4.6
29 1.5

5. A uniform beam of length 7.60 m and weight 3.50 x
102 N is carried by two workers, Omar and Ali, as
shown in the figure. The force that Omar exerts on the
beam (in N) is:

176 137 96
470 320

8. In the figure, the weight of the rod W =431 N, and its

length L = 8 m. The rod is at equilibrium making an angle 45° with the x-
axis. The vertical component of the reaction force that acts on the rod by
the hinge (in N)?

352N 500 N
707 N 100 N 431




