
5.4 Work (Application #3).

? In mechanics there is a quatity known d

Work - Work isan enezy form like Kinetic

energy, potential enagy, thermal energy

atomic energy.
? Conseration of Energy says that we can

transtorm energy from one type to another.
But we cannot destroy enrgy,
90 * Full Potential

Energy At any position

0 * Full Kinetic Energy
we have ?

Work KoP. = Kf+Pf +Werfom

Workis F .  ? where De displacement

F F= Force applied.
vectors

mass

W  = 7 . 0

? Full Work = FD ?  No  Work  =  0

F

-.- ?  0
I D = 0

A?B = MAU UBI CoS O
From Trig

n o n - v e c t o r .



wind

? Over the course of transversal the
Force and displacament angles may change:

?E To approximate work we
chop path up info

Pieces and sum
D

F. A?
Work done by wind i=1

? To get most ace y we take the limitthe results Riemann Sum:

W= F(x) ? dR

? For this section let dè alu?gs be in the
Same direction (vertical o harizontal)

50 W =  ?  F ( x ) d x

x= a

An E X Transfer of Energy:

@ gasolin (cHemical energy in

O moRon work by the moter)speed

mechanical energy out KETranslate = _mv3

KEnot Kent.

? ?

KErt = 2 Iw *4



EXI Spring-mass:
Fsp

Hooke's law
3

Foull

Fsp =
X  =  0

-

The more a spring
is stretched the har

i t  i s  t o p u l l

Find the work
done by the

spring
x= b

Yetb = 5 cm = 0.05 m
(let k = 250 N/m

x  =  0

W =  F C x )  d x

x = 0
0.05

=  k x d x

0 . 0 5

=

.  0 . 0 5

2 5 0  x

2

=  2 5 0 ( 0 . 0 5  m . )
2

=  0 . 3 1 2 5  N  - m
E .  P

Joule

0 . 3 1 2 5  5

1 Newton of force
azalied over

1 meter is 1 Joule
o f  w o r k



EX Lifting a chain from deck to ship

A 10m chain lies on a deck. Theend is attached
to a cable (massless ) which lifts the cable end
No aheight of bm. The weight of the chack is

8000kg. What wark does the motor pertoon
that is pulling the cable attached to the chash?

10 m more t
6m more

mass

???? Tra la
friction to HeliADetails

?  C h a i n :  o

? Thé displacements

each piece wi l l  be l i f ted off  the deck
hi ts the 6m l imi t

STOP@ 6 m ? The Force: Newton's Law
ength dow

l i f ted  6-X ne chas F  =  m g .
9.8 m

? Work (Vertical) vertical height
AW = DFg ? h

horizontal position of chaindement

AW = Am ? ?. ( 6-? (8000 kg (-5).( 6-x)cx
2 m=?? 0

6

W = pDx . g. (6-X)
= 7840 kg6? - x})

6 m = 7840{(36 - 3) - ( 0-0),
W  = pg (6-x)dx 2

= 141I20 ? - ? N~m

x = 0 = 141 kJoules



Math 211 CW 146 Name

Find the work to drain water from a cylindrial
swimming pool of radius 12Ft and depth of sft.

use p= 62.5 lbs / tt'
( i )  Diagram R= y+ d = H ?

12ft

H = 5ft

height
d= H- Y

d, = 5 d2=0

The Basics

F= mg

? m= pV
?AV = Aly)

? A = TIr2

?  X

Work = F ? dist L Force: gravity
L Dist : heisht

strategy: Lift
A W  =  A F  ?  D i s t ai  wate shaped

siece of water

=  A m g  .  d
o v e r  t h e

edge

= PAVgd

= pAdy g (H-y)

AW = paR '??? (H-y)

W= pTaRg (H -y)dy



A Notes on draing fluids.

H Work is only that if removing tolice

Same answer as if the tube
Floats on the surface

? extending the inlet to the bottom
Irrigation

* Syphon work to remove tap
layerly

Canal -

p l a c e  e x i t
even though

inlet is at the bottom ?
thi flow

going

* high loop

"Almst Free" to drain pool.

Can ignore all
this Conce
hose is primed)

x= 0 @ exit

prime

* Old wells Pascal's principle

totop
l a y e r



Pumping water tom a pool
float

unit.S. I. im, 2g, 8 5

UScS: ft, lbs,s

31Ft

5 ft.
Ao= Tir2
Circ = 2mr

? Circular Poolis 24Ft in diameter
? Density of water is 62. 5 lbs /Ft3

?We lift a horizonal slice x'units high
1W= A weight. height
AW =only pAVol. g. ? (5 - y)

move tup layer y AW= . (5 - y)

A = r3 ; F= fixed = circ. /TV/2 = 24FL Z
work

W  =  E A W W = SpAlyrg(5-y)dy
y = oft

=- 108, 000 T lb- ft



Drain a Conical Tank of height DE Radius R

AW = AF ? distance

= AF ( H - y )

i r = Am - g (H - ?)

work to (?- 7)
lift one slice
H-y units

y = 0 AW = pA(x). Ax ? 9
geometryCross-section

? A (y) = T r2
circular,

But if square thi
A (x) =(2r)'

So =.
R

D

d = D - y

r (y) - f(D-y)

Any cross-section
cone

Work/slie depth a

- ?(y) (H-?) ??
y = depth 1

- ?? . ??[? (?-?) ] (+-y) dy
depth 2

dith (
F o r m u l a Set - UP

R,D,H)
given



For the swimming pool C.Work ...
(a) Lets now use a fluid that is really dense

It the bottom and less conse at the for
ike tar ? oil ?gas in an oil refinery distiller i

? Here lets say p = po y
1?/2

them p stays inside the integral

%] (?-?) ??

(b) If Radius changes with y, it stays inside toot

(e) If Near a massive black hole g= changest

W = Ti ( 9(g) [Rgi] (??] (H-y) dy
5

r

Imperial Star
vad en Cruser

i t e r  o
M a s C G

NASA 7

BHole 790??

centoid - center ot
geometry

cen te r  o f

g r a v i t y

aerodyn
Center



X =  0 .

x=60

Practice Problem

A bucket weighs TOlbs when filled with

Water and is lifted from a 60 ft deap well.

(a) what is the work? 1 Constant fore

W= (  F (x )d  x
x - 60

W = (ing)d x
X = 0

60

physics
W = mgh

F = mg

W= F?d = mg. n/
Justis
meg.n

=  7 0 . x = 70(60 - 0) = 4200
ft-lb

(b) The bucket leaks water! It weighs only 35lbs
by the t ime you geti t  t o  t h e  t o p .  w h a t
i s  t h e  w a r k  n o w ?

Issume the loss of water is linear. Lets try out di treat
linear arrangements...

TEST:
X= 0 @ top

W  =
equiralance.

F(x) = 35ks ( 1+60)

6 0

weight = Force (x)

35 / 1+70 dx

6 0

X= 60@bottor
35(1+68=70

4 5

-  C o

needed only

I work

=  3 5 l b s

=

6 0

35lb/ X+ x22.60) 35 (60+
60
2.60

=35 2bs.905+= 70lb5. 45Ft = 3150 ft-lbs

- 0)


