Chapter 7 — Kinetic energy and work

I.  Kinetic energy.
Il. Work.
. Work - Kinetic energy theorem.
. Work done by a constant force
- Gravitational force
Work done by a variable force.

- Spring force.
- General.
1D-Analysis
3D-Analysis
Work-Kinetic Energy Theorem.

scalar quantity associated with a state (or condition) of one or
more objects.

l. Kinetic energy

Energy associated with the state of motion of an object. JS 2 mv? (7.0
Units: 1 Joule =1J =1 kgm?/s?=N m

1. Work

Energy transferred “to” or “from” an object by means of a force acting on
the object. To W

From -W

- Constant force:

V2o v2

2d

V=vi+2a,d® a, =

F. =ma :%m(vz- v§)$® mad :%m(vz- V)

® %m(vz- VB)=K, - K =Fd®

Work done by the force = Energy
transfer due to the force.




- To calculate the work done on an object by a force during a displacement,
we use only the force component along the object’s displacement. The
force component perpendicular to the displacement does zero work.

7
W =F,d=Fcoy > =F xd 73 =

- Assumptions: 1) F=cte, 2) Object particle-like. / <90 ® +W
180 >/ >90 ® -W
/=90 ® 0

Units: 1 Joule = 1J = 1 kgm?/s?

A force does +W when it has a vector component in the same direction
as the displacement, and —W when it has a vector component in the
opposite direction. W=0 when it has no such vector component.

Net work done by several forces = Sum of works done by individual forces.

net™

Calculation: )W, = W, tW+W+....

-

2) Fret  Wpe=Fpe d

[I. Work-Kinetic Energy Theorem

DK =K, - K, =W (74)

Change in the kinetic energy of the particle = Net work done on the particle

lll. Work done by a constant force

MECVICUCLERCIEHN \\/ = F >xd = mgdcos/ (7.5

Rising object: W=mgd cos180° =-mgd  F, transfers
mgd energy the object’s kinetic energy.

Falling object: W=mgd cos 0°=+mgd  F transfers
mgd energy (© the object’s kinetic energy.




- External applied force + Gravitational force:

DK = K - K; =W, +W, (76)

Object stationary before and after the lift: W, +W =0

The applied force transfers the same amount of
energy to the object as the gravitational force
transfers from the object.

IV. Work done by a variable force

- Spring force: =EENVG] (7.7)

Hooke’s law

k = spring constant measures spring’s
stiffness.
Units: N/m

Hooke’s law

1ID® F, = - kx

Work done by a spring force:

- Assumptions: Spring is massless Mg in << Myjoo

» lIdeal spring obeys Hooke's law exactly.
» Contact between the block and floor is frictionless.
» Block is particle-like.

- Calculation:

1) The block displacement must be divided into
many segments of infinitesimal width, x.

2) F(x) cte within each short x segment.




W,= FDx Dx®0 W= "Fdx= (-kq dx

f

X 1 X 1
W, =-k 'xdx= - =k [} = - =k (- X
S )qX X 2 [X]x > (Xi - %)
1 1
W, ==k x*- =k x?
S 2 Xl 2 Xf

1

WS=—§kx$ if x =0
DK =K, - K; =W, +W,
DW, = F; ,,(Dx
W= DW, = F,Dx

j.avg

betterapproximaton moreDx, Dx® O

Xl
W= [im FiagDx  [W= F(x)dx (710)
Dx® 0 X,




F=Fi+F,j+Fk;

dr =dxi +dy j+dzk

dW =Fxdr = F,dx+ F dy+F,dz

Xt Xg

W= F(X)dx=

ma dx

Fe=F(), Fy=F(y), F,=F(2

fe X Yi Z
dW= Fdx+ Fdy+ F,dZ
I X Y, z

W
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W= mvdv=m vdv==mV; - =my’ =K, - K; =DK
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Paug = o (712
dw
P=— 71
p (713
Fcog dx
P:dﬂ:7$ =Fcoy dx =Fvcoy =Fx (714)
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54.

W =Fxd =(F cosg)d
W =DK = 05m(v? - V)

Fy N
. —E
(@) v, =0® DK = 05mv?
= mg £ ||mg
! ’ (2N) cosg = 05(4kg)vZ

® v; =+/cosg m/s

(¢) Vo =1m/s® DK = 05mV - 2J
(2N) cosg = 05(4kg)v? - 2J - (2N)cosg = 05(4kg)v? - 2J

®Vf:m m/s ® v, =+/1- cosg m/s

(b) Vo =1m/s® DK = 05mv; - 05x4kg) x(Im/ s)?

18.

N*"d®W=0
Only Fg,, Fa dowork

(@) W =WF3>< ) Wng or Woet = Fret >d
Fret = Fa, - Fg, =20c0s30 - mgsin30
W,o; = 732N - 147N )0.5m= 131J

net —

(b) Ko, =0® W =DK =K
W =131] =05mV; ® v, = 093m/s




55.

Motion® concavedownward parabola

1
Xx=—t@10-t
10(1 )

F =cte= ma= (2kg)(- 0.2m/s?) =- 04N (b) t=55® v, =0

_ _ 2
W =Fxx=(- 04N)(t- 0.1t%) K; =0J
(a) t=1s® v; =08m/s (c)W:DKZKf(5S)‘ Kf(ls)
K; = 05(2kg)(0.8m/s)* = 064J W =0- 064=- 064]
74.

(a) W = Areaundercurve
W = (L1.5square3(0.5m)(IN) = 5.75J]

13

1
= =-9(%-1D=6J
X 4 (3 )

59
(b)) W= —dx=-9
1 X

73.

Myt = 4500kg +180kg = 6300kg
P=Fx» = (61.74kN)(38m/s)

F.+mg=F_=0® F,- F, =0®
II 2 "I = e a e P = 23461kW
F., =mg=(630(kg)(9.8m/ s?) = 61.74kN




W=DK =K - KO:%m(v$-v§)

AB® vg>v,® W>0
BC® v =vg ® W=0
CD® vy <V ® W<0
DE® vg <0, vp =0® W>0

50.

(8) Wy =Fyd =mgd= (025kg)(9.8m/ s?)(012m) = 029J
(b) W, =- %kdz = - 05X250N / m)(012m)° = - 1.8

(c) W, = DK = 0.5mv? - 0.5mv
Vi =0® K; =0® DK =-K; =- 05my =W, +W,
029J - 1.8J = - 0.5%(025kg)v?

® v, =347m/s

(d) If vi'= 695m/s® Maximumspring compressia?v; =0
/o = Mgd- 05kd”? = DK = - 0.5my "

d'=0.23m

W,




62.

P2

P1

Ime

(a) Pulley1l: v=cte® F,,=0® 2T-mg=0® T =98N
Hand-cord: T- F=0® F =%:98N
(b) To rise “m” 0.02m, two segments of the cord must

be shorten by that amount. Thus, the amount of the
string pulled down at the left end is: 0.04m

() Wi = F>d = (98N)(004m) = 392J

(d) W, =- mgd = (- 002m)(20kg)(9.8m/s?) = - 392J

W+W =0  There is no change in kinetic energy.




