37-"/ - Work

Suppose, o constant force, Fois aisf{{e_d to an Olojed',

mavznj i+ from X=a Y X=b.

<«

I\ > -
) ————
X=a. .

X=b

Thn +his case, +he Work done on the ob\.)’e,d- s

\/\}o(K = [Force - Distomce = F- (b-q\

What if the forc_e is not constant, and instead

C/l'\ow\je..s 'H\rov.s\'\ou.{ 'H\e. Proc_css (So )Corc.e = F(x))7

For example , if the container above were Ieakmj...




.. then ¢ would jeA— lighter as X increases, Mmeaning

less and less )(orce, Would be veeded to move it !

I§ force = F(O , then +he work dove in MOv;nj the

oloje,c{- o Smoll distance 2oX=dx s roughly FOOAX -

Add‘ms these WocK amounts from X=a Lo X=b, we 3e+

b
\Work = J F(x) d x

a

Ex: A 1Om chain of Mo.ss LfOKj l«\av\js )(l-om bhe top
of o \ou;uav\s. How much work is done in I:ftag

the chain to +he +op?

Solution: First, letk f;jare, out how much wmass

(S be.'-v’\j moved ot each Po;n{‘ of the process.




The chain has densit 5:2/’\3 = Y Kj/m S0
m

once X wmetres have been liffed (Md 0-X wmetres

remmn), t+he r‘eMounMj chain has mass
l—l%.({g~x>m = H0- Yx Kj

Hence Due o gravity

) / = 9.8] m/s*

Mass - Acceleration

N
=
o)
®
"

("IO—‘{)()-?_g’ N (New+oms)

l
1
z

10 10
Work = J FOoy ox - J (LIO“‘fx)'?.iil dx
0 0

10

= 9.9 [LIOx - o’lxl]

0

= 9.8l (900‘2'100>

= 11962 J (Jou(es>




Ex: Rapunzels hair has a constant Aens:Jrj of 3 K9/

and lnomjs Yo +he bottom of her 100m +tower. Set up

the integrals thod gve each of the following.

(&) The work done in |i7[+u'nj the hair to the top of
the tower.

Solubion:  Once X metres have been liffed (and 100 - x

metres remam), we have

M. = 3% (100-x)m = 300-3x k.
m

Hence |

Force = Mass - Acceleration

= F(x)= (200-3x)-79¢1 N
Thus

100 100
Work = J Foo) dx J (300 -3x)-9.8] dx
(v}

0




(b) The work done in li]c‘hnj the hair  Hhe firs-l— L\odf

of +the Woy  up.

Solution: We need onl\lj Mod?/j +he bounds from (a),

5o 50
Work = J Fx)dx = J <300-3x>‘7-8| dx
0 0

() The work done in lifting +he hair +o the +op , Given

that her 10Ky Skipthe Dishes' order is fied fo the end.

Solution:  Once X metres of hair have been lifted
Muaie = 300 = 3x Ky, My = 10Ky (constant)

Thus,

Force = Mass - Acceleration

[(300—3x)+ 0] 9.8 N
A

= F&)
Mho:\r mfood

He,wce.) we Se_-l-



100 100
Work = J F(x)dx = J <3I0—3x>-7.8| dx
o 0

(d) Same as (¢), but the "Skip the Dishes order

]Ca”.s off after loe.mj Lifted 75 m.

Solution: Ty the first 7m, we have

75
Work = J <3|O—3x>'?.2, dx

AN

Tn the lost RSm, we have

M hair * mfaod

100
Work = J (300—3x>'?.9, dx

s U,

hair

Hence, ‘he 4totod work s

26 100
J (310—3x)-?.21 dx + J (300—3x)-?.gl dx

0 5




Ex: A 50m rope of densz’rj Elkj/m l«a.nj.s wmho & well.
The cope is oftached o o IOKg bucket inbialy filled
with ij of water, Tf tictec leaks from the bucket
at o constant rate ond Om/\lj lks of watec remains
when the bucket reaches the top of the well, determine

the work needed Yo Uft the bucket to Hhe top.

Assume_ accele_ra:l:ion du-t to j(‘avi‘rj s |OYV7/$".

Solution:  Quer the 50m of distance, b-1 = 5kj of water

are lost, so the water is leakmj al a Cf

fate 07[ ﬂ.ﬂ__ L A
som 100 m

Thus, once X metres of rope have been

lifted and (5O’x) Melres remain, we have



m\“ofe = A |‘:n_9 (50-X>M = 100 — &x KJ ,

™M woter - GKJ —<|l_0 K_ﬂ?\XX M) = 6- T_O KB
Thecefore |,

50
Work = j F(x) dx
0

M dAaelerahctn
Y] / f ° ‘ uf—*—b 3"“\’-{]
’ j [(roo—ax)+lo v (6- ."—o)] J0 dx
V] 7 ) )‘

mhair Mpucket Muater

so
: J (o= 21x ) dx
0

| 31 750 F




