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Figure 4.1

The work in this case is given by the equation
W=Fs (4.1)
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Figure 4.2

The work in this case is done by the horizontal component of the force

W=FcosO 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 i1s N.m which is called Joule (J).




Work can be positive or negative

Important Notes

e 1
T‘ {

¢ The object must undergo a displacement s. — 5N ||
¢ F must have a non-zero component in the ‘ 0 =\ I
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<6<90 as in Figure ‘
4.3(a). s RS
¢ Work is negative when F is in opposite ||
direction of displacement or when 90<0<I180 as -
in Figure4.3(b). &

; Example 4.1

Find the work done by a 45N force in pulling the luggage carrier
shown in Figure 4.2 at an angle 8= 50" for a distance s = 75m.

; Solution

According to equation 4.2, the work done on the luggage carrier is

W= (FcosO)s=45cos 50° x 75=2170]




; 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) the lifting phase and (b) the lowering phase.

; Solution

(a) The work done by the force F during the lifting phase is

W= (Fcosf) s =710 cos 0° x0.65 = 4601 [Positive work]
(a) The work done by the force F during the lowering phase is

W= (FcosB) s = 710 cos 180° x0.65 = -460] [ 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 = (6i - 2)).G3i +J) = (6)3) + (-2)(1) = 18 - 2 = 16J

(b) F=F!+F} =6 +(-2)’ =632N

s=fsi+s; =3 +1° =3.16m

W= F s cosf
cosf= Z=L =0.8012
Fs 6.32x3.16

6= cos'(0.8012) = 36.8°




4.3 Work done by a varying force
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AW = F.Ax (4.4)




e JS (Pla Juad Jadl Vs o5 jsiem o) Jal 5 g8l | inie sy Lidd 13
2D Al ) ADNL G e el Sy 43l caalinas

W= iF,Ax (4.5)
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; Example 4.4

If an applied force varies with pesition according to F, = 3x" - 5,
where x is in m, how much work is done by this force on an object
that moves from x=4m to x=7m?

; Solution

F=3x"-5

B s 3, ‘
W= ;[Fdx !(3x - 5)dx [Zx —5x]4

W= 1.59kl]




4.4 Work done by a spring
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Fopp = - (-kx) = kx (4.8)

The work done by the external agent is
W = ]'F dx =xkadx=llcx *(4.9)
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4.5 Work and kinetic energy
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F.=ma (4.10)
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W=F.s=(ma)s (4.11)
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W= — mvi - — mv; (4.13)

The product of one half the mass and the square of the speed 1s defined
as the kinetic energy of the particle and has a unit of J

K= 51 mv’ (4.14)

W=Kf‘Ki (415)

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

W= AK (4.15)
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Example 4.5
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Figure 4.7

According to equation 4.7, the work done on the engine is
W= (Fcosf) s = 4x10° cos 0° x 2.5%10" = 1x10"]

The work 1s positive, because the force and displacement are mn the
same direction as shown in Figure 4.7. Since W = K; - K the final
kinetic energy of the fighter jet is

Ki=W + K
= (1x10")) + % (5%10%kg) (1x10*m/s)’ = 4.031x10"]

The final kinetic energy is K;= % mv/, so the final speed is
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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
1is AW it the time mterval Az, then the average power is:

W
P.n. — -L (4-16'
At
The mstantaneous power is given by
Patim i ¥ 4.17)
s At dr
v
PulY i (4.18)
dt dt
P=Fy (4.19)

The (S unit of the power is J/s which is called watt (W).
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EXAMPLE 4.6
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Assuming the athlete runs at constant speed, we have
W\ T Wg = 0

where Wi is the work done by the athlete and W, i1s the work done by
gravity. In this case,

W, = -mgs(smb)
So
Wy=-W, =+ mgs(smb)
= (65kg)(9.80m/s*)(600m) sin20°
(b) His power output is given by

)
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ia Example 4.7

A 4-kg particle moves along the x-axis. Its position varies with
time according to x =¢ + 2¢, where x is in m and ¢ is in s. Find (a)
the kinetic energy at any time #, (b) the acceleration of the particle
and the force acting on it at time ¢, (¢) the power being delivered
to the particle at time 7, and (d) the work done on the particle in
the interval t1=0tor=2s.

; Solution

Given m =4 kg and x = ¢ + 2¢, we find

§~
.%st

(t+26)=1+6r

v:—

dt

1

=—mv @)1+ 60)Y = (2+24F +726%) ]

Il

(3]
Nl-—-

(b) a-= % - —(l+6r)-l2tm/s

F=ma=4(12r)=48t N

(¢ P=—r=—x= (2 + 247 + 72¢") = (481 + 288 )W

[oruse P = Fv = 48t (1 + 6:")]

(d) W=K:-K; where £, =0 and = 2s.
At =0,
K;=2]
At =25,
Ki=[2+24(2) +72(2)1=1250)
Therefore,

W= 125x1031]
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