November 27, 2013

Center of Mass

We will need to determine the center of mass of objects for

upcoming problems. The center of massis a point in an object
where the mass seems to be concentrated.

Types of Motion - Large Objects

The motion of large objects can be divided into two types,
translational and rotational.

translational motion - the motion of an object from one
point to another

rotational motion - the motion of an object about one point
(pivot point or fulcrum)

R DR L The wrench is rotating around the mark on the wrench
while the mark i= moving in a straight lina.

Physics - McGraw-Hill Ryerson, Page 491
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Torque occurs when a force is applied to an object and
that force causes the object to rotate.

Torque can be defined as:

T=r [:J_:f‘ FSMQ

T T torque (Nm)

s this symbol represents the Greek letteru

I ->distance from pivot point to the application of the
force (m)

F -> force applied (N)

0 - > angle between r and F when they start at the same point
(degrees)

Torque is a vector. The direction of torque is based on the
direction in which the force would cause the object to rotate if it
were acting alone.

CW: clockwise (-)
CCW: counter-clockwise (+)

The diagram below shows four forces acting on a door.
Which forces will cause the door to rotate?

F,

hinge [« F, F,

Only the component of F, perpendicular to r
produces torque.

We can verify our previous answers by examining
the equation.

Fi Fl: 0 =00
r sin 0e =0
7=0Nm
F,
- F,: 6=180
sin 18 =0
7=0Nm
F;
F; is located at the pivot point. Fy: r=0m
7=0Nm
Fu [T
(] F,: r+0mand sin @ « 0
T T F,, will cause the door to

rotate!
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Label the Pivot Point

Example: A 490 N Mr. Martin stands at the end of a diving
board at distance of 1.5 m from the point at which it is attached
to the tower. What is the torque the man exerts on the board?

(735 Nm, CW or -735 Nm) —
=T F<np

= (l-';”‘) (440) sn 90"

Example: A 5.0 kg mass is attached as shown to a pulley of
radius 5.0 cm. What torque is produced by the mass?
(2.5 Nm, CW or -2.5 Nm)
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Net Torque

Just as net force sometimes plays a part in a problem,
so does net torque. Net torque is the vector sum of all

torques. T4 = 2 tw%w_ S

Example: Two forces act on the cylinder as shown in the
diagram below. If F, =10 N and F, = 15 N, what is the
net torque on the cylinder? (0.70 Nm, CCW)

Tk = LTogs
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Net Torque Practice

#1)

#2)

#3) T,., = 0 Nm

#4) Tt = 0 Nm




November 27, 2013

#7) Tt = O Nm

#8)T.., = 0 Nm
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Net Torque Practice - Solutions

3.11m

181 N

C‘\"/GI " %"er =T+

T, = ~(311)(181)Sim90°
= Sé ?) Mmﬁ

f(:l: O Nw & (5.‘12@“41)5.\4 30°

et

That= ~563Nam + 420 Ve,
= - /43 Nm o 143 Niw LT W]
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#2)

Ta=- (0'77‘)(?5)5.‘/\ 39.5°
~~-235.9N

o

T = - (1240.21)(305)(5in 22°)

et = Tp +Tar T3 =106 Nm = 35400~ Lol Wen

Tt = -90.9N 0 o 90TV [cw)
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T -~ 95 ) (I50) smbs
_ 1679 Nw

T, = — (145 +o.Ls)(§75) S 1"
~ ~ 275 N

’C’S =+ (‘(lQoo)Sin 55.9°
= 7qL{f‘
tn°+:’t\ + ,t9\+1\3
O = ~16F9Nm ~ 2275 Non +{FIN)(
VG5 N = (994 N
994 b
2 98m=r




November 27, 2013
#4) Tnet = O Nm

= (2.19)(I1s5)S ™ 35°
193 N

—
—
=

—

T, = (#)(11) Sin 0’
= 087 Nm

T, = - (Al L8)F Sin ds°
— —L.b8F

—_—
—_————

Treb=Ti +t T ‘*htg
O = =193 N + 687 Nm - .63 F

—49Y =—|.68F
’“LICNNM _ \j
~ .68

QG N=
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Net Torque Practice - Solutions




November 27, 2013
=
" (x )
q
Q {9&

v
2%

T, =61 (172)smn?/°
= ~992 Nw

T o= (H.0)(250)50 "
= 1000 Nm

~___\

T, = -(5)(@)shiE

Z:/ne'*: =993 N 1 1060 N \7{NM+3‘(8N,\
= 9\85NM o 28§NM[CCW]
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2 (4 T

T,= —(0.36 +0.90)(42)Sin ¢ 3°
= -4[.8 Nm

rt;{ - - (o:qo\@ﬂ&h'ﬁ#

< =545 Nim
—

T = (0 45w ) (F)Sin 907




November 27, 2013

T == (16 (605)5in81°
==59%06 N

T o= (5:8)(22D)Sin 9y°
= 894 Nm

——

t'B: —(\(loo\ SinYs°
-— 7030

Ty :(:1)[333)%%"
~ qg o Nm
Tﬂz"\‘:tt +T$+T5 1 TL{

0257706 N +394 Ny = 7071 + 9§76 Nm

0= L/’?qu N - 0.7 "
Y394 fsw = ~ 707 C

—_ Ll??”ﬂm =
~70.7N
b2.8m=r
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Example: A uniform beam of mass 50.0 kg and length 3.00 m
1s attached to a wall with a hinge. The beam supports a sign
of mass 300 kg which is suspended from its end. The beam is
also supported by a wire that makes an angle of 25 o with the
beam. Determine the tension in the wire. (7.5 x103 N)

Tn
?}'\
A
02 g.)
W S
. >
o |e=
C\;C‘ V,-(,’)-
a @ '3.33

t—l: — (15)(50)(3.81)
T,= - (3)3ee(s)
Tm‘(: 2—‘0‘1)“’5

O: ht,"’t').*(ts _
Oz - b - 9829 + | 26 6

Ty= (Vs

c R
ay = | <_§"3‘°’~ OS\
(\}671 v= Nexsoh

F3=?
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28. A crane with a movable pulley system on a
horizontal arm is moving a large container.
The 355 kg container is hanging from a cable
that is 6.15 m out on the 7.50 m arm. The arm
has a mass of 345 kg. A cable that is attached
to its end makes an angle 32.0" with the

horizontal arm. (8582 N)

=
21
=

32°

L-":":":".-’.-’.-’.-’.-’.-":":"ff!.-’.-’.-’:":":’.-".-".-".-’.-’.-":":’

fa) What is the tension in the cable supporting
the arm?
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Example: A uniform 150 kg beam, 10.0 m long, supports a 27%kg
box of hamsters 2.5 m from the right support column. @Glculate the
magnitude of the forces on the beam exerted by eachof the vertical
support columns.
F4 =7
F1 =7

2698 N
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27. Mountain climbers have placed a 3.6 kg unitform
ladder across an icy crevasse. The edges of the
crevasse are 4.1 m apart. The first climber starts
to cross the crevasse on the ladder and reaches
a point 1.8 m from the edge. The mass of the
climber and her gear is 87 kg. With what force
is the ice on each side of the crevasse pushing
un on the ladder?
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Static Equilibrium

An object is 1n static equilibrium if:

1. v=0m/s
2. F,u =0N
3. Tnet:ONm

Steps for Solving Static Equilibrium Problems

1. Draw a diagram.

2. Label all forces.

3. Choose a pivot point. It is helpful to place the pivot point
where an unknown force exists (in a case of two unknown

forces).

4 Label distances from the pivot point to the forces. (r values)

5. Write a t__ equation.

6. Solve the equation(s) for the unknown.



More Torque!

1. Determine the tension in the wire and the components of the force from
the hinge. The beam has a mass of 170 kg, the sign has a mass of 75 kg,
and the beam is 6.0 m long. (T = 2442 N, k,, =834 N, Fnx = 1870 N)

2. The cable in the diagram to the right will break if the tension reaches 1500 N.
What is the smallest angle that can be made with the horizontal? The beam is 15

m long and has a weight of 1050 N. The sign has a weight of 500 N. § = 43¢)

3. If the cable will break under a stress of 2300 N, what is the largest mass
that can be hung from the beam? The beam is 150 kg and 8.0 m long. The
cable makes an angle of 50 ¢ with the beam and the sign is 5.5 m from the left
end of the beam. (152 kg)

November 27, 2013

4. The Morrissey bridge will collapse if column A must support more than 50000 N of weight. The bridge
spans 225 m and has a mass of 8500 kg. Will the bridge collapse under the circumstances depicted in the

diagram? (No, F, =46815 N)

500 kg 400 kg
(CXe
| e— <
Al S0m 75m B
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A construction crane is designed such that part of the boom acts as a
counterweight. The boom is constructed of uniform material with a
linear density of 25 kg/m. The left side of the crane is 10 m long and
the right side is 15 m.

a) If the mass at the right end is 300 kg what is the tension in the

cable? (T = 6200 N)

b) What is the tension in the cable if there was no left side of the

boom? (T = 7400 N)

c) Suppose each cable can support a tension of 12000 N. What is the
maximum mass that each crane can support? (Left: 680 kg; Right: 600 kg)

400 4Q0

mass mass
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Torque Quiz - Solve on your own paper

1. Find the force each column supports. The bridge spans 300 m and has a mass of 12 500 kg.

700 kg 350 kg
__ @A ;
—) <
A 55 m 110 m B

2. Determine the tension in the wire. The beam has a
mass of 225 kg, the sign has a mass of 1055 kg, and
the beam is 15 m long.

200

sign

3. Find the net torque.
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