
A-pplicationofintegrat.cn#
Work . Energy expended acting agents a force .

eg : energy expended moving a weight againstgravity .

Definition:O Time t
- measured in seconds.

•Mass m - measured in kg .

① position s - measured in meters

Newton's second law of motion .

Force = mass x acceleration
i.e .

F- mots
dt

Newton = kgmlsz .

Work at constant force
work = Force x displacement = Fxd

Joules = Nm



Questioncconstantlorce

Hoootgmjeehogoorkzmdonggmovjngq.ztkgbfokfromfcof.fiIg
* Displacement = 2M

=-----

Floor acceleration due to gravity = 98 miser
Force = m -a = g. 8 N

work = F. d = 19.6 J .

Easy !

\



variables
Fox) is the force acting at position

x .

T T

Og
Eet Og if § Foxes > Foss

Use Riemann sum to approx . work done to more f
frm "Ink .IE?jeuaes-.c.....xis.xi=ai- icb

o constant force Ekin , a;] ,
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o Approximate work . Rn -_ II. Fck? ) Ski ¥,W -- Fcb -a)
o work = fab Fox) doc - "
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Questionability
o

tgigggeingtfo.ae?YI.c K - spring
constant

x - amount of stretching .

A spring has a
natural length of 20cm . If a 25 N

'÷÷÷::÷÷÷÷÷÷::::.÷:÷:
o Spring constant :

F= K - se ⇒ 25 = k ( o- 3 - O
-2)

⇒ k = 250 Nlm
0.05

a work ± ffcxsdx = fo a doc = Izsx
' I!°5= 0.313J.

O



Example

A chain lying on the ground is 10 m long .

and weighs 80kg .

How much work is required to raise one end of the

chfain.nl?nhejgqhgt-unfortunately
pom t g
' lFOCI
-

A- 10M- a#

Riemann sum : split chain into segments [Xia,
and figure out how much work is done in lifting eachsegment .



Consider segment Exit ski ) : 'iii°
a Piece of chain at x is i- Gm-1

lifted to 6- x m . Hence .

Segment Ex;., ,x;] is lifted
"- 'om-1 '

to 6 -Kim .
6- x

o mass = density . Doc = 8 Doc

o Segment experiences (8 ax ) - g.8=78-4Dsc force .

o Riemann sum : Rn = ¥2 CG -ki) 78 - lease

on → a : W = 78.4 f.{G - x) d, = 784 [Gx - III!
= 1411.214€.



Example
what if the chain was dangling from

the roofand we

weeetol.ftthefaeend2gpf.ci
Let x be the distance pom f g

o A piece of chain is more
2x. § )

T
toed

,

so
, Riemann sum is

GEW I -22x! 78.4 doc E t
it t T

f t
so
,
work done is

W = 1956.8xdx = 1568¥16 #
0

= 156.8 x 18

= 2822-4 J.



Example

imgur.gg:5?gItTE.7n.hea:.tm::msiowater is 1000 kg/m3 . Find work of pumping all
water

out of tank .

work for each slice of water:

T - o mass = volume x density

#Dm = mass in slice

n: :c::3:: :'s:* .
of water

Nbc) = ⇒x .

o Force acting on slice ofwater
F- 9.8dm yy.IE hinz



0 Work for slice : Aw = GO - se) 9.8 DM

= Cio - x) g.8 (Igoe) DK 1000 flax
so
, W I IZ Clo -x) 98 (Issa) tooo doc µ
⇒ w = 9.8-azxglooox4-f.IO - x) side •

0

= 3.36×106 Joules .



Work and Energy
⑧

Assume we are moving against a force,
Fox) .

Assume position is given by acts
,
where t is time .

Work done = fabFcxsdx = ft!! Facets) ddIfdt
By F-ma :
work done = f!midday. . daet . dt =m§ v 'et) vets dt
Work done is difference =m f!# (Evett)dt
in kinetic energy

= m[Ivct5fB
XCX -

- a
a

self) - b = izmvcpj- tzmvK5
-

kinetic energy .
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