Chapter 4: Work and Kinetic Energy

4.1 Work and Energy
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4.2 Work done by a constant force
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The work in this case is given by the equation
W=Fs (4.1)
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The work in this case is done by the horizontal component of the force
W=F cosg s (4.2

The above equation can be written in the directional form as dot

product
® ®

W=F.s (4.3
The unit of the work is N.m which is called Joule (J).
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§ Example 4.1

Find the work done by a 45N force in pulling the luggage carrier
shown in Figure 4.2 at an angle g = 50° for a distance s= 75m.

§ Solution

According to equation 4.2, the work done on the luggage carrier is
W = (Fcosq ) s= 45 cos 50° x 75 = 2170J

Work can be positive or negative

Important Notes

" The object must undergo a displacement s.

" F must have a non-zero component in the
direction of s.

" Work is zero when there is no displacement.

“ Work is zero when the force is perpendicular
to the displacement.

" Work is positive when F is indirection of
displacement or when 0£g<90 as in Figure
4.3(a).

" Work is negative when F is in opposite
direction of displacement or when 90<q£180 as
in Figure4.3(b).
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§ Example 4.2

The weight lifter shown in Figure 4.3 is bench-pressing a barbell
whose weight is 710N. He raises the barbell a distance 0.65m
above his chest and then lowers the barbell the same distance.
Determine the work done on the barbell by the weight lifter
during (a) thelifting phase and (b) the lowering phase.

§ Solution

(8) Thework done by the force F during the lifting phase is

W = (Fcosq ) s= 710 cos 0° x0.65 = 460J [Positive work]
(a) Thework done by the force F during the lowering phase is

W = (Fcosq ) s= 710 cos 180° x0.65 = -460J [ Negative work]

§ Example 4.3

A force F = (6i - 2J) N acts on a particle that undergoes a displacement
s=(3i +j) m. Find (a) the work done by the force on the particle and
(b) the angle between F and s.

§ Solution

(@ W= F.s= (60 - 2)).3i +]) = (6)(3) + (-2)(1) = 18 - 2 = 16]

()  F=FZ+F} =6 +(-2) =632\

s= \/sf +s) = V¥ +1> =3.16m

W=F scosg
Fs 6.32° 3.16

q = cos'(0.8012) = 36.8°
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4.3 Work done by a varying force
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W=gq F.Dx (4.5)
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W = ¢F .dx (4.7)

§ Example 4.4

If an applied force varies with position according to F, = 3x® - 5,
wherex isin m, how much work is done by this force on an object
that moves from x=4m to x=7m?

§ Solution

F=3-5
x2 7 é3 l:17
W= ¢fFdx  f8x*- Hdx & x* - 5x
x1 4 84 H4
W= 1.59kJ
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4.4 Work done by a spring
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4.5 Work and kinetic energy
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F,=ma (4.10)
Al od s 8 Jsduall Jadll (8 S o auall LS jan Al 4K s YY) S 13
Aleally ary

W=F,s=(ma)s (4.11)
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t 52
w= 1 mvi - 1 mv;? (4.13)

The product of one half the mass and the square of the speed is defined
asthe kinetic energy of the particle and has a unit of J

K= % mv’ (4.14)

W=K; - K; (4.15)

This means that the work is the change of the kinetic energy of a
particle.

W= DK (4.15)

058 o oSy DK A8 jal) e & sl (K15 das ge Lalls KA jal) Zila o JaaY
Jjia o lase o Wl

122 www.hazemsakeek.com



http://www.hazemsakeek.com

Lecturesin General Physics

§ Example 4.5

A fighter-jet of mass 5x10%kg is travelling at a speed of
vi=1.1x10'm/s as showing in Figure 4.7. The engine exerts a
constant force of 4x10°N for a displacement of 2.5x10°m.
Determinethefinal speed of the jet.

[ LN

o . -

: . S

.
>

Imitial kinetic | Final kinefic
gnergy = ;m vpt | energy = 5m urz

§ Solution

According to equation 4.7, the work done on the engine is
W = (Fcosq ) s = 4x10° cos 0° x 2.5x10° = 1x10")

Figure4.7

The work is positive, because the force and displacement are in the
same direction as shown in Figure 4.7. Since W = K - K| the fina
kinetic energy of the fighter jet is

Kf =W+ Ki
= (1x10™)) + % (5x10°%kg) (1x10°mVs)® = 4.031x10%)

The final kinetic energy is K; = ¥% mv¢, so the final speed is

2K 102
v, :\/ i :\/2(4'0,3 140 ) —1.27" 10°M/s
m 5710
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4.6 Power

The power is defined as the time rate of energy transfer. If an
external force is applied to an object, and if the work done by this force
is DW it thetimeinterval Dt, then the average power is:

DW
Pave = o (4.16)
The instantaneous power is given by
p = Jim DWW - AW (4.17)
oeo Dt dt
p=dW_p ds (4.18)
dt dt
\ P=Fv (4.19)

The unit of the power is Jswhich is called watt (W).

§ Example 4.6

A 65-kg athlete runs a distance of 600 m up a mountain inclined
at 20° to the horizontal. He performs this feat in 80s. Assuming
that air resistance is negligible, (a) how much work does he
perform and (b) what is his power output during therun?

/‘

20
s
Figure 4.8
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§ Solution

Assuming the athlete runs at constant speed, we have

where W, is the work done by the athlete and W is the work done by
gravity. Inthis case,

W, = -mgs(sinq)
So

W =-W; =+ mgs(sing)
= (65k()(9.80nVs?)(600m) sin20°
(b) His power output is given by

p,= Wa _131710°J _ 4 gapw
Dt 80s

§ Example 4.7

A 4-kg particle moves along the x-axis. Its position varies with
time according to x = t + 2t°>, wherex isin m and tisin s. Find (a)
thekinetic energy at any timet, (b) the acceleration of the particle
and the force acting on it at time t, (c) the power being delivered
to the particle at time t, and (d) the work done on the particle in
theintervalt=0tot=2s.

§ Solution

Givenm=4kgand x =t + 2>, we find

v—%——(t+2t) 1+ 6t2
dt

K=%mv2=E (A)(I +6t)% = (2+ 24t + 72t J
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(b) az - E(1+6t) 12t m's’
dt  dt
F=ma=4(12t) =48t N
© P:%:Z—T——(2+24t+72t) (48t + 2885)W

[or use P = Fv = 48t (1 + 6t)]
(d) W=K:-K| wheret =0 and t=2s
Att=0,

Ki=2J
Atti=2s,

=[2 + 24(2)* + 72(2)"] = 1250 J

Therefore,

W= 125" 103J
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