Lecture 3

0 Work

— Definition

— Variable forces, 1D

— Variable forces, 3D
0 Energy

— Kinetic energy

— Work and kinetic energy
0 Power

Work

0 The work done by a constant
force F in moving a particle
through a displacement s is
defined to be:

W=FI[$
=Fscos @

0 Sl unit of work is the Joule (J),
1J=1Nm




Work cont.

Consider work done by gravity and

friction when block slides down plane.

Work and varying forces, 1D.

W, =mg [$ N
9=(0-9) mg
S =(-scos6,—-ssinb) v

W, =mgssin®
W, =1, [
f. = n,mgcos6(cos6,sinb)
W, = p,mgs cos8(-cos’ 8 - sin’ 8)
= —4,mgscoso

0 Split particle path into elements
along which force approx. const.

0 Add up work for each element.

0 Limit of large no. of elements gives
work for varying force.

0 Example, compressing a spring.

0 Hooke’s law, F=-kx, where k is
spring constant.

0 Newton’s third law, F_ .=-F

ext— s




Compressing a spring cont.

Compressing a spring cont.

Work done by force:

W:kadx

%k(xf2 - Xi2)

If define x=0 then:
W = 1kx,”

The spring will do this amount
of work as it expands.

The spring has gained potential
energy U = 1kx,’




Work and varying forces, more
than 1D.

0 Split particle path into elements
along which force approx. const.

0 Add up work for each element.

0 Limit of large no. of elements
gives work for varying force

<

Work and varying forces cont.




Work and varying forces cont.

Example 1
Calculate work done by centripetal

force F=-mw?r during turn round circle.

A

y

r =r(coswt,sin wt)
F = -mrw’(cos wt, sin wt)

Work and varying forces cont.

lFmr—lFBd—dt
!’F th !’F ydt

= ‘!’ —mros coswit(—rwsinwt)dt +

2n
w

!’ —mro” Sinwi(rwcos o) dt




Work and varying forces cont.

Work and varying forces cont.

Example 2
Find the work done by the force

F=3xyi-2yzj+yk (in N) moving a particle

along the curve given by
s=ti+2tj+(1+t)k from t=1 to t=2
(distances in m).
W = (F [ds

|

:I(3xyi —-2yzj+yk)[{dxi+dyj+dzk)
C

:I(3xydx —-2yzdy +ydz)
C

W = }[3(t)(2t2)dt -

1

2(2t*)(L+ t)d(2t%) + 2t*d(1+ t)]

2
:I(6t3 —-16t° - 16t* + 2t*)dt
1

16t° 5t*  2t*
+

5 2 3

_3961,
30




Kinetic Energy Kinetic energy cont.

Newton’s Second Law, work and 0 Define kinetic energy
kinetic energy. 1

E EV K= *mvz

" a® T M 2

0 Work done on particle equal to
gain in kinetic energy.

1 1
:md—vad—rdt:mvﬂdt W:vafz—zmviZ:AK

Nowgv2 —D/ v% ZVE?L

dt
2
] gmv :mvﬂ
dt 2 dt
d Cmv?0

Hence F [dr = —
"Tad2 ETj

IF@I jjmTvdt—z(mvf -mv izj

F Celr :md—vmr
dt




Power

7 Power is the rate of work.

p=9w
dt

0 Instantaneous power

p=drm=rr=Fu
dt dt

0 Average power

p=W
At
0 Sl unit of power is the Watt (W)

1W=11J/s

Power released when
spring expands

0 Instantaneous power
p=dw=F®-p =2
dt dt

0 Average power
kx.”
2/t
0 We shall return to this problem!

P=""l =7




