37-“/ - Work

Suppose & constant force F s a{sflied to an objed—,

mavm_g i+ rom X=a& Y X=b.

X=a X=b

Tin +his case, +he Work done on the Objecl— is

\/Jork = [Force - Distomce = F- (l:—a\)

What if the force, is ot constant, and instead

C,\«amje,.s +hrow3kow£ +he process (So )forc,e = F(x)).?

For example , if the container above were |ea)<mj...




.. then & would je,l- |i3h+cr as X increases Meaﬂiﬂj

less and less )(\orce. Would be needed 4o move it !

I§ force = FGO , then the work done in moving the

oloje,d- o Small distance aX=dx s Poujhl:j FOOAX -

Adding these Work amounts from x=a to X=b, we get

b
Work = J F(x) dx

a

Ex: A 1Om chain 03[ Moss LfOKj kanjs )(I-om bhe top

of o kuilé:v\j. How much work is done in l:fhij

the chain to +he +op?

Solution: First, leths f;jure, out how much mass

(S be_'.nj moved at each Pom‘l‘ of the process.




The chain has dcns:+j 10 ks
10 m

= L/ KJ/M So

once X metres have been liffed (awd 0-X metres

re.MoCm>, the PeMmininj chain has mass

Li%%-Qo~x)m = H0-Hx Kyg

ot
Hence Due. #o gravity
= 9.8l m/s

Force Moss - Acceleration

= F(x)

(‘-IO—%().?_g[ N (Newtons)

Thus,

Work = J FOx) dx = JIO (‘IO—‘/x)-?.gl dx

0

- 9.g [me i ax‘] ’

0

= 9.¢1 (400~ 2-100)

= 11762 J (joules>




Ex: Rapunzels hair has a constant density of 3 kyy,

ond hangs to the bottom of her 100m tower. Set wup

the inteqrals that give each of the fol(owmj.

(@) The work done in I'.f’r;nj the hair Yo the Yop of
+he Yower.

Dolution:  Once X metres have been liffed (ama 100 - x

melres cremain), we have

M. = 2k (100-x)m = 300-3x Ky
m

Hence |

Force = Mass - Acceleration

= F(x)= (300-3x)-9¢1 N
Thus

100 100
Work = J Fo dx J (300 - 3x)-9.8] dx
0

0




(k) The work done in ‘i]”'inj the hair  the firs-l— \r\alf

of +the Woy  up.

Soution: We need onlj Modi/j the bounds from (a).

50 50
Work. = J Foo dx = J (300-3x)- 181 dx
0 0

() The wWork dome in lifting +he hair to the top , given

that her [0Kkg Skipthe Dishes' order is fied to the end.

Solution:  Once X metres of hair have been |ifted
Miaic = 300 = 3x Ky , My = 10Kg  (constant)

Thus,

Focce = Mass - Acceleration

= Fx) = [(300—3x)+\0] 181 N
NG

M M o0d

He,vnce) we 3&4—



100 100
Work. = J Fxy dx = J (310-3x)-1.81 dx
(V) o

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

]Calls off ofter bemj Lifted 10m.

Solution: T the ][ir.s{r Om , we have

lo
Work = J <3|O—3x>'?g, dx

SN

Tn the lost 9OYV|, we have

hair * mfaod

Work = J (300—3x>’7.3, dx

NG

hair

HEV\CC, the dotad work s

100

[o]
J (3!0—3x)-?.2’l dx + J (300—3><>'?-8’l dx

fo) 10




Ex: A 50m cope of dens:‘rj Rkj/m 'na.njs who a  well.

The cope is  attatched to a IOKJ bucket '\m\clodlj f’\lled

with ij of water, Tf woter leaks }rom fhe bucket

at @ constant rate and o.nlj ]-I<3 of watec emains

when +he bucket reaches he top of the well, determine

e wock needed Yo Lt the bucket o the top.

Assume. acceleration due 4o jravi+J is [Om/s* .

Solution:  Quer the 50m of distance, 6-1 = 5kj of wadter

are lost, so the water s |eak;nj ol a

rate of 5K9 . L8 Thus, once
S50m 10 ™

X metres of rope have been l;féed and

(50—)() Melres Femain, we have

2/}

I




mm,;e = 2 km_g (50-x)m = 100 — X KJ ,

M pucker = 10 k(j (cons-ﬁani-) ,

Thus, we obtain

Focce = Mass - Acceleration

= FM™

[(IOO—RX) 110 + (6- ,"—o)]- 0
= lle0 -2lx N

There)(ore )

50
Work = j F(x)dx
0

50
- j (H60—2|x>dx

RAx2 °%°

0




