


Torque

A torque 1s an influence which tends to change the rotational motion of an
object. One way to quantify a torque 1s

Torque = Force applied x lever arm

The lever arm 1s defined as the perpendicular distance from the axis of rotation
to the line of action of the force.

Force has
maximum
effectiveness
in producing
torque it it is
exened
perpendicular
1o the wrench.

U.S. common

unit example

Same force,
Torque = (120 N)0.2m) L
18 Nm
m Same force,
no torque!! Wrench length Zero torque

20 cm
20 cm = lever arm ——| FOrCe
i ¥ 120N Q) ) T

Direction of 120 N force passes
through axis, so the lever arm is zero,

Three examples of torque exerted on a wrench of length 20 cm.

Vectors and Vector Components

A, = Acos @ A, = Asin @

A= J(f—lxz + 4,%) 6 =tan?! A—”)
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=20mfs [Ai
x

. OVm,, = 3.0kg

A

——— Vai
BEFORE —— C,

my = 5.0kg

-

vse = 1.0 mfs

AFTER

/

Y - Component

Conservation of the y component of total momentum gives

’nA(vAl\) + ’"H(UBI\)

= (5.0kg)(0) + (3.0kg)(0),
my(vag,) + mp(vps,)

= (5.0kg) (1.0 m/s) (sin 30°) + (3.0kg) (vgy,)-

(before)

(after)
Equating these two expressions and solving for v ¢, we obtain

Ugry = —0.83 m/s. (v component of final velocity of B)

Equate Both Directions
for Magnitude

X - Component

SOLVE We start by writing expressions for the total x component|
of momentum before and after the collision. For the x compo-
nents, we have

'"A(UAlx) + 'nB(vﬂlr)
= (5.0kg)(2.0m/s) +

my(Vac,) + my(vgs.)
= (5.0kg) (1.0m/s)(cos30°) + (3.0kg)(vy,,). (after)

Equating these two expressions and solving for vy ¢ ., we find that

(3.0kg)(0), (before)

Upre = 1.89 mfs. (x component of final velocity of B)

We now have the x and y components of the final velocity U ; of
chunk B. The magnitude of Uy is

854 = V(1.89 m[s)> + (—0.83 m/s)?

final speed of B
=2.1mfs, ( E )

And the Angle......

and the angle (3 of its direction from the positive x axis is

—0.83 m/s

= —24°,
1.89 m/s

B = tan™!

Now Try This One......

Practice Problem: If chunk B has an initial velocity of magni-
tude 2.0 m/s in the +y direction instead of being initially at rest,
find its final velocity (magnitude and direction). Answer:
2.2 mfs, 32°.
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drag drag

upthrust upthrust upthrust v
drag drag °
(a) (b) (c) g -
5 F
F uniform
magnetic field

weight weight weight into page
electron beam

200N

anti-clockwise moment of father = clockwise moment of child
800N x05m=200Nx2m
400N m=400Nm




Angular and Linear Momentum

Angular momentum and Linear momentum are examples of the parallels between linear and
rotational motion. They have the same form and are subject to the fundamental constraints of

momennun

Angular
Momentum

L

Linear
Momentum

P

ws. the conservation of momentum and the conservation of angular

_ Momgnt of X Angul_ar
Inertia Velocity

= X

= Mass X  Velocity

= m X \

The X implies simple multiplication here.

' Electrostatics

concept
field strength r'adlal
linear

Fields and foroes mmp - 131102 -v2

: Gravitational
radial , .
————_ Electric field strength . fields
uniform _> Electric fields
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permanent
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Forces
series
. 13/11/02 - v2
parallel \ Capacitance |
energy stored .
Electromagnetic -madnetic flux
induction Farads
lenz's
: Transformer




» When an object is
completely or
partially immersed in
a fluid, the fluid
exerts an upward
force on the object
equal to the weight of
the fluid that is
displaced by the
object.

Pulverized
Coal

Air

Archimedes Principle
The buoyant force equals the weight of the displaced fluid.

Courtes W0 f TXU B oi |ef

Combustion Gases

Steam Turbine

Generator

Condenser Electricity




TABLE 13.1 Densities of Some Common Substances

Material Density Material Density
(kg/m*)* (kg/m*) *

Gases Concrete 2 X 10°
Air (1 atm, 20° C) 1.20 Aluminum 2.7 X 10°

o Iron, steel 7.8 X 10°
. Brass 8.6 X 10°
Benzene 0.90 X 10° i R |
Ethanol 0.81 X 10° e S —
Water 1.00 X 10° S 414 0500
Seawater 1.03 x 10° Gold 193 % 10°
Bioce 106107 Platinum 214 X 10°
Solids Mercury 13.6 X 10°
Glycerin 1.26 X 10° White-dwarf star 10"
Ice 092 X 10° Neutron star 10"

Density, Pressure and Fluids

m F .
P=y A
Paps = Parm + Pgauge Pgauge = pgh



WORK = FORCE COMPONENT IN THE DIRECTION OF
MOTION TIMES THE DISTANCE

6 Is the angle between the two vectors

F has a component |F| cos 6 in the direction of s
SoW=|F|cosb |[s]|

Mathematically this is a dot product.
F Such that

) W=F.s =|F||s|cos6

Two ways of looking at the same thing
(note the product of the two vectors is a scalar)
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(a) The situation (b) Free-body diagram for toboggan

A FIGURE 5.8 Our diagrams for this problem.
SOLVE There is only one x component of force, so

SF, = wsina.
From X F, = ma,, we have
wsina = ma,,
and since w = mg, the acceleration is
a, = gsina.

The y-component equation gives XF, = n + (—mgcosa). We
know that the y component of acceleration is zero, because there
is no motion in the y direction. So X F, = Oand n = mgcosasg

L —




Collisions

Elastic Inelastic

Total kinetic Total kinetic
energy is energy is NOT
conserved. conserved.

Energy and Power

K.E.Lmzimvz U, =mgh
1
F = ma = kx UE=§kx2
w
W=Fs =F Ax P=—=Fv



Euy, Video 170% o};,&,,\,,,,l.,

5 / Onl
o® Werr  (alt be coeaket -
@ ot be el - 7' /w./‘
PagvEmEnsy C

il .
Tk 55 lght E . 1000T

Tesyr
- Foldad i f s
i | ol

“od  Plelis]  kinehe il

oV

kt < ), \ S”W‘ l6oo kf,y.lw,
’/ 7 /\l.l W elk’h.c ] K7
T bt el

Eleihric Jowwl/ /\M};/ﬂ‘}m}u/ / K,‘,Q}\'(_ /2}‘0 .S uel 3,7 56 KJ polaﬂa

| Assuming no air
- resistance
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First Condition

for Equilibrium

Translational Equilibrium §

Rotational Equilibrium i

Second Condition

for Equilibrium

The sum of the torques due to all forces acting on the body,
with respect to ANY axis must be zero

Faster flow = less pressure

m view, and

the baseball will curve

flowing by it,

principle will

pressure.

by the Bernoulli

reduce the air §//
of curve

This side of m“\thepﬁcm;r.

spinning ball will o

increase the cC ((: Cx Direction
C of throw

speed of the air

and

Direction._

The roughness of the
ball's surface and the
laces on the ball are
important! With a
perfectly smooth ball
you would not get
enough interaction
with the air.




Free-body force diagrams — |

G

v

Figure 16.1  Situation diagram for
a man near the Earth

Earth pulls
man down
with a
gravitational
force of 700 N

] [ERS
700 N

Figure 16.2 Free-body force
diagram for a man near the Earth

700 N

Man pulls
Earth up
with a
gravitational
force of

700 N

Figure 16.3  Free-body force
diagram for the Earth near a man

Situation diagrams and free-body force diagrams

You know that forces always occur in pairs, one force acting on one body, and
one force on another body. If you draw both these forces in the same diagram
it is confusing because, in all but the simplest situations, it is unclear which
forces act on which body. Free-body force diagrams are a neat and effective way
to show the forces on a body; they are diagrams of a single body, showing the
forces on that body only.

Figure 16.1 shows a situation diagram for a2 man near the Earth. Figures 16.2
and 16.3 show two free-body force diagrams, one for the man and one for the
Earth. Each free-body force diagram shows a single body, and the forces on that
body alone. Free-body force diagrams may look like situation diagrams, but
there is one really important difference. In the man’s free-body force diagram,
he is on his own, without the Earth. That does not mean that the Earth doesn’t
exist, just that the diagram is only about what is happening to the man.

If you need to draw a free-body force diagram, it sometimes helps first to
sketch a rough situation diagram with all the bodies, and then to draw a
separate free-body force diagram for each body.

Describing forces

The labels on the forces in the free-body force diagrams for the man and the
Earth describe the forces fully. These descriptions consist of five parts:

The Earth pulls the man down with a gravitational force of 700 N

The description states
* what is exerting the force
« on what the force is exerted
« the direction of the force
« the type of the force
« the size of the force.

Similarly,

The man pulls the Earth up with a gravitational force of 700 N

Descriptions like this help identify Newton III pairs of forces.

Identifying Newton Il pairs of forces

From this work on free-body force diagrams, you should be able to see that the
forces in a Newton III pair of forces have the same line of action — if you extend
the force lines on the diagram of the situation, then they will pass through each
other. The forces also act for the same time. In addition, you should realise that
the two forces of a Newton III pair have to be the same type of force. If A pulls




FREE-BODY FORCE DIAGRAMS - |

on B with a gravitational force, then B pulls on A with a gravitational force also.
This information allows a complete statement of Newton’s third law:

While a body A exerts a force on a body B, body B exerts a force on body A.
The forces are equal, opposite and of the same type; they have the same
line of action and act for the same time.

If you have described one force fully, then you can identify the Newton III pair
to this force from its description. Simply exchange the two bodies in the
statement and reverse the direction of the force. For example:

The Earth pulls the man down with a gravitational force of 700 N

The man pulls the Earth up with a gravitational force of 700 N
So if
Freda pushes Jo left with a contact force of 35 N

Jo pushes Freda right with a contact force of 35 N

Standing on a planet

Two bodies often exert more than one pair of forces on each other. Think
about a body resting on the surface of a planet. Figure 16.4 shows the diagram
of this situation for a man on the Earth, and Figures 16.5 and 16.6 show the
two free-body force diagrams for the man and the Earth.

As before, there is a pair of gravitational forces between the man and the Earth,
one on the man and one on the Earth. But there are also contact forces, again
one on the man and one on the Earth.

First think about the forces on the man. The Earth pulls the man down with a
gravitational force. The Earth also pushes the man up with a contact force.

Now think about the forces on the Earth. The man pulls the Earth up with a
gravitational force, and also pushes the Earth down with a contact force.

Figure 16.4 Situation diagram for a

man standing on the Earth

Earth pulls
man down
with a
gravitational
force
of 700 N

Earth pushes

man up
with a contact
force of 700 N

Figure 16.5 Free-body force
diagram for a man standing on the
Earth. The man is in equilibrium
because the two forces on him are

equal and opposite

Man pushes
Earth down

l with a contact
force of 700 N

Man pulls
Earth up
with a
gravitational
force

of 700 N

Figure 16.6  Free-body force
diagram for the Earth. The Earth is
in equilibrium because the two forces
on it are equal and opposite



A free-body diagram of a man dragging a crate. -.., n
The diagram shows all the forces “u
acting on the man, and only
forces acting on the man.

Man (treated
/ as particle)




0D 9VI6 VIA




3 S PRl
AL

s -

»

Linear Equations of Motion

y ; e Ax - Av

XxX=v = —_— = —
x x At At
_ _ vo +v

vy = vp + at Ay—( 5 )t

Ay = vyt + Veat? v? = vy +2a Ax

vgzsin290
9

Range =



/-\.
Mechanical

Energy
\‘/
N pﬁ | Energy storedina
Kinetic Energy 'E°n2?g'3 ggystem
-, -
Form of GravgaEtlonal ...due to position
energy N
associated
with N due to
motion Elastic PE deformation
p IR

The Chain of Mechanical Quantities

Restrictions, qualifications

With direction, displacement
over time gives average
velocity.

Change in velocity over time
gives average acceleration

Actually gives net external
force if mass is constant.

Force x length in direction of
force, if these quantities constant.

Average power




v (ms™t) a (ms~2)

Stationary m
Object e t (s) t(s)
x (m) v (m-s™1) a (m-s™2)
Uniform Motion T —
ts) Attt (s) t(s)
x (m) v (ms™t) a (ms™2)
Motion with
constant ac-
celeration t (s) t(s) ] l t (s)
TABLES.2 Moments of inertia for various bodies
= l'—ZML2 - ?:-MLz 1= -ilEM(az +b?) 1= j.I;-MaZ

(a) Slender rod, (b) Slender rod, (c) Rectangular plate, (d) Thin rectangular plate,
axis through center axis through one end axis through center axis along edge
= Lm@2+ R - Lwre 1= MR? = 2ug? = Zug?
2 1 2 2 5 3

(e) Hollow cylinder (f) Solid cylinder (g) Thin-walled hollow (h) Solid sphere (i) Thin-walled hollow
cylinder sphere



Momentum Equation Linear Kinetic Energy Impulse

p=mv K.E jinear = %mvz J = FAt

Rr + mg =

contact
force Ry

weight mg

contact
force RS

contact
force Ry

weight mg J




Variable Mass Applications

The generalization of Newton's 2nd Law to apply to variable mass systems takes the form

d(mv) dv dm
=m—+v—
dt dt

F

net external — d
5

The term involving the derivative of the mass is responsible for the thrust in rocket
propulsion and must be included in any problem where the mass changes.

Newton’s first law Newton’s First Law: Vector form

Every object continues either at rest orin s _
constant motion in a straight line, ZFZO a=0

unless itis forced to change that state by
forces acting on it. Av=0

Newton’s Second Law

The net force acting on an object is equal to

its mass times its acceleration Newton’s third law

Vector form

Vv = constant

For every action (force) thereis a
reaction (force) equal in magnitude
and opposite in direction.

IF = ma
Component form
ZF, = ma, LF, = ma,

N FAq.nB = —{:BonA
T Fyp = —Fpa
1.ZF =0 i . .
- 5 Forces always act in pairs (of action and
22F =ma 2 reaction)

3Fsp = —Fpy







Transmission
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Turbine Generator

Turbine

Water Loop

v‘ "+ Reactor Core
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By conservation of energy:

PE=m g h Energy before = Energy after
= S

_@KE=0 _mgh = ;mv\

The beginning The final

energy is all The F77 on both sides | | energy is all

potential energy. tells you that the final kinetic energy.
h velocity doesn't depend

upon the mass.

The velocity just before impactis Y = 2gh

(onsorvatin ,)/C -
Dy y. |
Pagy = g

bt it
Bi = £



= Motion is resolved into a horizontal component and a vertical component.

At the top of the trajectory, the projectile has zero
vertical velocity, but its vertical acceleration is still —g. |

A ¥ %
v y U
-~ > P el =
: 6" el
Uiy Uy, Sa
/ 1 Iy v
Vertically, the projectile s ™ 31
exhibits constant-acceleration 1 los ’,’ Uy % &
motion in response to the 1 3 3y LY
carth’s gravitational pull. Thus, : M §o.2 B
! N
its velocity changes by equal B ¥, * ‘ a, = —g \
) ) H ke 5
amounts during equal time N 1 4 L
Vo, v
intervals Oy 1 Oy 5
1 \
\
: \
! \
¢ > ® X
0| Vo
Vg Ui Uy U3
@ - - @ - = - —— - W = = = - - Qo - - - - - - K

Horizontally, the projectile exhibits constant-velocity motion: Its horizontal acceleration
is zero, so it moves equal x distances in equal tme intervals
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Early records
about 78 rpm

LP 333 rpm
Single 45 rpm

CD 7200 rpm




Mol = I = mr? W, =148
(Shape Dependent -See Mol Table)
Zt=la T = Fd cos@

P=1tw L=I1w

Rotational Dynamics (Linking Linear with Rotational)

g R
a= a=
1+ % 1+ %
Rotational motion equations
A6 Aw
Yy “Tar
w = wy + at a6 = (‘)¢
A9=mﬂt+%a_’t2 &H=mt—%at2
w? = wo? + 2aA8 Viinear = OT
Qtan = TA Arag = @°T

1
— 2 2 — 2
a[inear — \/atan + arad K. E'rotationa.! - EI{‘)
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379'4" (115.6 m)

305'6" (93.1 m)




