PHYS 1443
Ch. 7 Work and energy

Work done by a constant force
Scalar Product of Vectors
Work done by a varying force
Work and Kinetic Energy Theorem
Potential Energy

Homework # 5 : solution of the 1st Exam (paper)
Homework #6 : Examples in Ch. 6 (paper)
—> change numbers in the examples by yourself
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Scalar Product of two vectors

* Product of magnitude of the two vectors and the cosine of the
angle between them
A.B = ‘Z ‘ ‘ﬁ‘cos @ ->Scalar product
Vector Vector Scalar -> Dot product

Fifeleese) 225, o 274 [el(alenso)

i 0 Minimum When 6 = 90°
A-B:‘AHB‘cosez e —
‘AHB‘ Maximum \when 0 = 0°
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Scalar Product of Vectors

+ Operation is commutative 4.5 = |ﬂ||§|cosg - ‘EHK‘COSQ —BeA

« Operation follows distribution R.(§+6)= AeB 4+ AsC
law of multiplication

« Scalar products of Unit Vectors

:}o}:l?ok:l ?o}:}OIQ:IQO?zo

A=A i+A j+A k B=B,i+B, j+B,k

TA-E:(MH\/}+AQJ-(BX?+BY}+BZ|QJ =(AXBXH+ AB, i+ AZBZIQ-IQJ
A.-B=AB,+AB, +AB,
O 3

Example of Work by Scalar Product

A particle moving in the xy plane undergoes a displacement d=(2.0i+3.0j)m as a
constant force F=(5.0i+2.0j) N acts on the particle.

a) Calculate the magnitude of the displacement
and that of the force.

| | [d=yd?+d2 = (20 +(30f =36m

|- 777 =607 +20F =san

.
DX

b) Calculate the work done by the force F.

W= F.d= (2.o?+3.o})-(5.o?+2.o})= 2.0x5.0i-1+30x2.0] j =10+ 6=16(J)

or |W=F-.d= ‘E”E‘cose




Examples

— Free Body
Diagram
d

1. work done by the applied force F
W, :(Zﬁ)-a:‘lfua‘ cosez‘lfHJ‘

2. work done by the gravitational force F

W, :(ZE)-az‘ﬁ“a‘cosazo

Revisit the Example

A man cleaning a floor pulls a vacuum cleaner with a force of magnitude F=50.0N at
an angle of 30.0° with East. Calculate the work done by the force on the vacuum
cleaner as the vacuum cleaner is displaced by 3.00m to East.

"2-00 W = @E)H - ‘(Z E]mcos 0
or

d w=(>F)-d=

W =50.0x3.00xc0s30" =130J

X

d

*  Work done by the force along y-axis (F,)

W, :(ny)-az‘lfyua‘cos%" =0




Work Done by Varying Force

« If the force depends on position of the object through the motion

— one must consider work in small segments of the position where the force
can be considered constant

AW =F, -AXx ,where F, = F(x)

T Then add all work-segments throughout the entlre motlon (x> x)

W~ ZF “AX Inthel|m|twhereAx—)> |ImZF AX_J' Fdx =W

* One of the forces depends on position is force by a spring
F, = —kx

S

Other position

The work done by the spring force is dependent forces ?

7 W = I Fdx _[O (—kx)dx=%kx2
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Kinetic Energy and Work-Kinetic Energy Theorem

F
n-» Missing physical quantity in this cartoon.

" W=(ZE)-H:FdCOSO:Fd

W =F -d =(ma)dcos0=(ma)d

\ 4
\ 4

v,2—v?=2ad = ad :%(vfz—viz)

1 1
Work W =mad =Emv? —Emvi2 Kinetic Energy  [K =%mv2

Work W = Kf - Ki = AK Thg work QOng by the net force caused change of
object’s kinetic energy.

Work-Kinetic Energy Theorem 8




Example: KE
A 145g baseball is thrown with a speed of 25 m/s.
(@) What is kinetic energy ?

(b) How much work was done to reach this speed , starting from rest?

baseball Kinetic Energy = KE = K
K = %mv2 = %(0.145kg)(25m /s)?

= 45kgem? /s* = 45N em = 45]

W =K, —K, =45] —0J = 45]

Work, Kinetic energy are scalar quantities !!

Example of Work-KE Theorem

A 6.0kg block initially at rest is pulled along a horizontal, frictionless surface by a
constant horizontal force of 12N. Find the speed of the block after it has moved 3.0m.

m D Work done by the force Fis

: " W=F.d=|F|d|cos6 =12x30cos0" =36(J)
—F

From the work-kinetic energy theorem,

Based on Newton’s equation of
w ——71 mv’ —71 mv’
o i

i motion .
ince init | 1 o, i F=ma  a=—
Since initial speed is 0, W =—mv; m
’ 2dF

2 2 _
v, Z,/%=,/2536=3.5m/s S VimvisZd=—e

m .
=+/2ad
Final velocity has been calculated Vi a

b without acceleration !!
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Example of Work Under Friction

A 6.0kg block initially at rest is pulled to East along a horizontal surface with coefficient
of kinetic friction 11,=0.15 by a constant horizontal force of 12N. Find the speed of the
block after it has moved 3.0m.

W Work done by the force Fis

== W:=JEHalt.:oi0=12x3.0c050=:’36(J)
| d:3.0m'| W, = Fyed = |Fy d‘cosez |ykmg|‘d‘cos¢9

Work done by friction #¢is —0.15x6.0x9.8x3.0c0s 180 = —26(J )

Thus the networkis [ W =W, +W, =36-26=10(J)

Using work-kinetic energy theorem and the fact that initial speed is 0, we obtain

1 Solving th ti
W =W, +W, = —mvf olving the equall ion v, = 2N _ 2x10 _18m/s
2 for v We obtain m 6.0
@ :

Homework # 5 : solution of the 1st Exam (paper)
Homework #6 : Examples in Ch. 6 (paper)

—> change numbers in the examples by yourself
; Due 10/19 (this Thursday)

Homework #7: Examples in Ch. 7 (paper)
—> change numbers in the examples by yourself
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