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Unit 10 Rotation

Section 10.4

Torque



(14) Desjcrlbe that a torque (7) on a b{l}dy mvolve.s a force (F )and a PDSltlD.H vector (7 ), Student Book 297~298
which extends from a rotation axis to the point where the force is applied.
(15) | Identify that torque is a vector quantity, measured in the SI units of Nm. Student Book 297~298
(18] - D Identify the moment arm as the perpendicular distance from the lineof | |
= action of the force to the axis of rotation. StUdE";Blek 207-298
£ | S Calculate the torque due to a force on a particle by taking the cross product Concept Check 10.4 298
Eq of the particle’s position vector and the force vector. Q10.48 318
5 P : Q.10.49(a) 319
T=rXF T = rFsin(0)




Learning | By the end of this section, you will be able to:
@ Objectives

(14) Describe that a torque (7 ) on a body involves a force (F ) and a position vector ( #),
which extends from a rotation axis to the point where the force is applied.

SeCtiOn 10'4 (15) | Identify that torque is a vector quantity, measured in the SI units of Nm.

% ]dentify the moment arm as the perpendicular distance from the line of
action of the force to the axis of rotation.

© Calculate the torque due to a force on a particle by taking the cross product
of the particle’s position vector and the force vector.

Torque i=¢xF ,  1=rFsin(®)




* In physics, the concept of torque refers to the force that causes
objects to rotate or change direction.

* For example, when using a wrench, which is the tool used to
tighten screws, a torque is generated.

* A force can be exerted at a point far from its center of mass,
which may cause the body to rotate as well as move linearly.




* In the adjacent figures, a person is trying to use a wrench to loosen the

screw (bolt) shown in the figure using his hand.

* In which shape would it be easier to twist a screw?

(@)

(b)

(o)

FIGURE 1016 (a)—(c) Three ways to
use a wrench to loosen a bolt. (d) The force
F and moment arm r, with the angle 6
between them.



Obviously, it would be easier to turn the screw in figure c, a little more
difficult in figure b , and completely impossible in figure a .

(d)

FIGURE 1016 (a)—(c) Three ways to
use a wrench to loosen a bolt. (d) The force
F and moment arm r, with the angle 6
between them.



This example shows that the magnitude of the force is not the only relevant

quantity.
The perpendicular distance from the line of action of the force to the axis of
rotation, called the , is also important.

In addition, the angle at which the force is applied, relative to the moment arm,
matters as well.

These considerations are quantified by the concept of torque, .

Torque (also called moment) is the vector product of the force F and the
position vector 7.

_)_)

T=71TXF

(d)

T =1rFsiné



Write the formula to find torque.

—

T=7TXF
T=1rFsinf

The magnitude of the torque is the product of the magnitude of
the force and the distance to the axis of rotation (the magnitude
of the position vector, or the moment arm) times the sine of the
angle between the force vector and the position vector.




1) What angle between the force and moment arm
produces maximum torque?

|
sy
— 90° (since sin(90°) = 1, this gives maximum torque) “

(b) ()

2) Why is torque zero when the force is applied directly
along the lever arm?

— Because sin(0°) = 0,so T =r x F x sin(0°) = 0 = No torque is generated.

* Note:
7=0 At An angle of 180° or 0° (Figure a) will not turn the bolt.




3) What is the Sl unit of torque?

N.m
4) Is torque a vector or a scalar quantity?

Torque is a vector quantity, because it has both magnitude and direction.



Concept Check 10.4

Choose the combination of position
vector, ¥, and force vector, ﬁ, that
produces the torque of highest
magnitude around the point indicated
by the black dot.

Answer:
f




T= ¢ =

What is the torque on the screw produced by a force of 15 N acting
pggendlcu\lar to a wrench 25 cm long, as shown in the figure?

@:—O\O \( O - 26\’\/\

° 25




T

A screw to be tightened with a torque of 8.0 N.m, If you have a
wrench that is ().§5 m long , what is the minimum amount of
force you must exert? C=p

T =\ FS\V\Q




60 N.m

14.7 N.m

ﬂ

A person exerts a horizontal force of 42 N on the end of a door 0.70 m wide.
What is the magnitude of the torque if the force is exerted perpendicular to

the door? —..—Q,—R)‘T
A1 1ol e ek e (0.70 m) o m e Ades die 42 N W jlaie 48815 8 (sl oy
ol e Lo yae 55l JN

B B N . |
/T/: Y’ES\V\@
c@ﬂo)(b\?,) &0




#10.48 A force, F = (2% + 3j) N, is applied to an objectar a poir\l(t&whose
position vector with respect to the pivot pointis ¥ = (4% + L?;} +42) m.
Calculate the torque created by the force about that pivot point.

U A = —
T = SE’NQ‘% = (uro) ~( .

_(ux2) - (Me)=%
= j

= (ux3)-(M2)= 4 ~
e AR TIRIE '

e
<




The rotation of the object about any fixed axis may be clockwise or
counterclockwise.

In the adjacent figure, in which direction will the torque generated by the
hand pulling the wrench be directed?

It will be counterclockwise.

(<) (d)



Torques around any fixed axis of rotation can be clockwise or counterclockwise.
The net torque is defined as the difference between the sum of all clockwise
torques and the sum of all counterclockwise torque

Thet — E :Tt:r:rumerclncl{wise,f B E :Tclnckwise, j
i J



WS # 26 :

» The right-hand rule is used to determine the direction of
the torque vector.

=" Thumb pointing towards the position vector.
" Index finger in the direction of the force vector.
FIGURE 10417 Right-hand rule for the

" The direction of the middle finger indicates the direction | girection of the torque for a given force and
of the torque vector. position veclor.

>




<}

Axis of rotation

FIGURE 1018 A force exerted on a

point particle creates a torque.



What 1s the direction of the torque around the red point of the force
vector and position vector that lie on the page plane shown in the

figure? o

ding 89dll Lgaial slpasdl dnadl Jo> oheall pje olxil L
Sl L3 sab WS doduall (sote Lle olady Gl gdgoll

-
Tl

O Into the page.  4sdall Jald
ut of the page. 4sinall 7 Al
O Clockwise. 4elull @ ie aq
A Counterclockwise. aclull @ jae pSay



Which of the following is a correct unit of torque?

?u]Jﬂl?ﬂ@ngﬁhjﬁmgi
SAVAAN
&= § N[
|1<8~YY\ A N— \<6\N\ S
S‘L
kg.m2.8"" ~
g.m 1L <
— 8~W\ .
kg.m.S-2

l(g.mz.S2



Which combination of position vector r, and force vector F, that produces the
torque of highest magnitude around the point indicated by the black dot?

w!ﬂwlw!dyomaf}ﬂ@igFi,ﬂlm,¢ r&i,d\m.boémg‘

?da:.;il daill |




A rod is pivoted about its center. A 5 N force is applied 4m from the pivot ’r’ vV F— st 9

and another 5 N force is applied 2m from the pivot, as shown. What is the 15 N/m clockwise \
total torque about the pivot? LN el valindailes

- () (&3O

N

Sy 898 3aslas @isg jgmeall po AM Uy & SN 398 Faddai @By 13S)s Jg> Liac H95 pé

15 N/m counterclockwise
?)’adl()?,.ﬂ|ow.ﬂlf}cuqa:uh.&b,"bhfc_)’a‘ﬂanZm..u.gJ;SN Jldas (15N/m3.cw|c__a)Lﬁ;ol.?3|UuS.c — \O]\’ AVa 4
g
N—_
5N ‘F vaw\‘k’(dﬁfk'w' =
Y — Ve, 40m 30° o
30° Um 1 .
A + (-uL 10 N/m clockwise l = (1) (S) S ’30
r P | 10 N/m dslull lis ool go | -

= [0+5=15N.w
Conndenr” ol \Age

Comwn ey Uoskernsg



clockwise
deludl ) lac olsl &0

counterclockwise
de bl O)lac ol yuSe

the rod is not rotating
1935 3 Lasll

A rod is pivoted about its center. A5 N force is applied 4m from the pivot
and another 5 N force is applied 2m from the pivot, as shown. What is the

direction of the rotation of the rod?

)31 593 (Bardal o9 jemmall 3o A a e SN 593 Baskai 02 a3S5e Jg> iac )95
Tlasdl Oly3s slal Lo a5 90 98 LS ¢ jgmall (3o 2m das Je SN Hlday

2022-2023 ...

cannot be determined without knowing the mass of the rod

Lasll dliS d9)20 ()93 0333535 (S



N \
moves to the right and rotates counterclockwise
deldl Oylae (WSe )99 el & yos

moves to the le and rotates counterclockwise
deludl O)lie (uSe Huly Hlunl) & o

moves to the le and rotates clockwise
deludl O)lic o H95s Hluwl) 2 o5

moves to the right and rotates clockwise
deludl O)lae ao 5959 (a2 e

moves to the right and rotates counterclockwise
dsbudl iplis (uSs 5305 (padl) 2y

A yo-yo rests on a frictionless surface as shown. When a force F is applied to
the string, what will happen to the yo-yo?

e F dga)l @udas oy Leis ‘M“'c’b"’“‘g"'“’”'ﬁ“@“d‘xxwyy
2022-2023 .. Capsall Skomeas 13le caus

C!DW\WOlnCﬁCw\'&L



0010.49 A disk with

a mass of 14.0 kg, a
diameter of 30.0 cm, and
a thickness of 8.00 cm

is mounted on a rough
horizontal axle as shown
on the left in the figure. (There is a friction force between the axle and
the disk.) The disk is initially at rest. A constant force, F = 70.0 N, is

applied to the edge of the disk at an angle of 37.0°, as shown on the /\\/ "Y’

right in the figure. After 2.00 s, the force is reduced to F = 24.0 N, and T = — /Q'

the disk spins with a constant angular velocity. /%_5'@ — 7 3%

a) What is the magnimmiction between the - \7 /\\/
disk and the axfe? o O — Q\ ) o —e

T =3




