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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=rF_

*
T -> torque (Nm)
* this symbol represents the Greek lettetru

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.

F,
L
F,
|e™ F,

T

We can verify our previous answers by examining
the equation.

Fi Fi: 0=00
r sin 0o =0
7=0Nm
F,
- F,: 0=180
sin 180 =0
7=0Nm
d
F; is located at the pivot point. F;: r=0m
7=0Nm
F, |F
0 Fy: r0mand sin@ + 0
T T F,, will cause the door to

rotate!
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Label the Pivot Point

Example: A 490 N man stands at the end of a diving board at
a 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)

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)




Torque.notebook April 23, 2013

Example: A 64 kg painter is standing three fourths of the
distance up a ladder that is 3.0 m long. If the ladder makes
an angle of 69¢ with the ground, what torque does the
painter's weight exert on the ladder? (5.1 x 102 Nm, CW)
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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

B ZQWS

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)

F,

— -
5.0cm 8.0 cm




Torque.notebook April 23, 2013

Example: A massless board serves as a seesaw for two
giant hamsters as shown below. One hamster has a mass
of 30 kg and sits 2.5 m from the pivot point. At what
distance from the pivot point must a 25 kg hamster place
himself to balance the seesaw? (3.0 m)

o =@5)(o)4sl) ~ (5 (25)(4.0)
0= PN - ABG

=~ |H0m=C(
oo > P
~a
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Net Torque Practice

#1)

#3) Toer = 0 Nm

#4) Toet = 0 Nm
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#7) Toet = 0 Nm

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

181N

c‘\"’@ (\C/"d' =T+

T, = =311 (181)Sim90°
== Sé 3 M"l

Tz 420 Nm <= (5.92m )(142)S i 3

)

=-/13Nm onr ,quM[_CW]
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#2)

To= - (1.240.21)(305)(5in 22°)
-~ M Iﬂm

et = Tt +Tak Ty 2106 Nm = 35900~ ol
TY'C\' = - qO‘l Mﬂ‘ o 90.9 Ny, [C W]

10
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"c'|=-(l.‘fs')( f50)smbs*
= =163 N

T, == (14 +0.65)(875) S 16°

Ty=+ r(1200)Sin 55.9°
= 7‘!%

‘Cm:" ’c_\ + ’t +
O = =167 Nm ~ an;ts/vm +{adN) ¢
2G5y Non= (994 N) T

3959 Hm _ -
994 4

2 98 m=r

11
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#4) Toet = 0 Nm

<

217 m 18m N
o /5 |
\1¢ s

Ty= (Q'I?)(IS‘S'\SM 25°
=115 Nm

'C'g\;- (3.45)(191) SinG0°
= 087 N

N
’Cs - —(LIF+ IOF Siads®
= = 1.68F

—_—

ﬁc-:ﬁe.'l‘zfcl'l'tl “\'T:‘}

O = =193 Nw +65FNm - 1.68F

—y9Yy =-lesF

"L[quV( _F
=634

AGHN=F

12
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Net Torque Practice - Solutions

April 23, 2013
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#6) (‘t ,tq (>

v

=Y Cn
T, =-(61)[72)Sm?/°
= ~992 Nm

T12 o) as0)5n %
= 1000 Nm

‘——-——\

T = ~(25)(92)Sin 18’
= - 7': l NM

Ty (5O133)5m AT’
3%&

=
—_—
—

tm.‘. > - 471 Nt [060 N \?{NM+3‘(8M\
= 9\85 Nt or 285 Nem ECCW]

14
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T,= —(0.36 +6.40)(4%) Sin € 3°
-~ -Y[.8 Nm

Ty = ~ (040)(@5)SM33°

= -5 .45 Nm
—

Ty= (O-QS“nn)(F)S:n 70"
= 045 F
'Cm.l.:’(}‘-} Ta J't's
0 = *(-Hﬁ Nm - 5-L($-Nm "’0‘({9,:
L[?QS. Nm = 0.4 F
Y2.25Nw _ F
0.45 m
loSN= F

15
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#8) Toet = 0 Nm e)

T, =~ (16)(605)5in8!°

==5976 Nm
T,z (5.8)(222)Sin 94°

iﬁq&m
Ta= ~(lo0) SinY5°

-~ 7030
Ty :(ll)(gl'})Sin%’

~ 9g#e Nm
Taek =T +’t'a-*ft3 + T‘{
0 2~5976 m 1399 i = 03¢ + 1676 Nm
0= U199 Nwm - 077
—~YF9Y Nm = =707 C
YUMo
~70.7N
b 8m=r

16
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