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 To analyze the motion of a particle using the concepts of work and energy. The resulting

%%%%%%%%%%%%%%%%%

¥ 7 equation will be useful for solving problems that involve force, velocity, and displacement.

%

« Before we do this, however, we must first define the work of a force. Specifically, a force F will

o e

i do work on a particle only when the particle undergoes a displacement in the direction of the
i

o £l

force For example, if the force F in Fig. causes the particle to move along the path s from

oL e

% position r to a new position r’, the displacement is then dr=r'—r. The magnitude of dr is ds, the

G

7 length of the differential segment along the path. If the angle between the tails of dr and F is 0,
then the work done by F is a scalar quantity, defined by:
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¥ By definition of the dot product this equation can also be written as:
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dU=F-dr

This result may be interpreted in one of two ways: either as the product of F and the component
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o

= of displacement dscos@ in the direction of the force, or as the product of ds and the component

£

g of force Fcos0 in the direction of displacement.
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If the particle acted upon by the force F undergoes a finite displacement along its path from ry
to r. or s1 to sz, the work of force F is determined by integration. Provided F and 0 can be

expressed as a function of position, then:
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U1—z=f s1S2Fcos0ds
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g Sometimes, this relation may be obtained by using experimental data to plot a graph of Fcos0

W :
7 VS. S. Then the area under this graph bounded by s: and s> represents the total work.
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g If the force Fc has a constant magnitude and acts at a constant angle 6 from its straight-line

)

& path, then the component of Fc in the direction of displacement is always Fccos0. The work
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done by Fc when the particle is displaced from s: to s is determined in which case:
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(Work of a Weight)cJsh Jas

Consider a particle of weight W, which moves up along the path s shown from position s; to
position s;. At an intermediate point, the displacement dr=dxi+dyj+dzk. Since W=—Wj, we
h
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Integrating from y: to yo:
Yo 1 o Jalill
Ui=-W(yz-y)=—WAy
(Work of a Spring Force)d_sl / pail 3 8 Jad

If an elastic spring is elongated a distance ds, then the work done by the force that acts on the
attached particle is dU=—Fsds=—ksds. The work is negative since Fs acts in the opposite sense

to ds. If the particle displaces from s; to sz, the work of Fs is then:

OS24 s pall sl e 3 5l 3 58l Al 53 Jsall Jald) (4 cds A8l ey () pe pals Jaiad 13)
S ISt (e menll e 31130, Anl DU (Slaa sl 3 553F 58 oY Wila Jaidl o sSsdU=—Fsds=—ksds
OsSFs Jad b

Ur-2=[s152—ksds=—(1/2)k(s2?—s1?)

Unstretched
position.s — 0

ds

| s 44
'#NMNMRNM b
. ¥,

Force on
Particle

(a)

B el £ e B0 £ £ Bl £ £ E\0 £ £ B0 £ £10 B0 £ £10 B0 £ £10 £\0 £ £10 10 £ £10 0 £ £10 10 £ £10 10 £ £10 210 £ £10 10 £ 210 210 210 £10 10 £ 210 210 £10 £10 10 £ £10 S0 £10 £10 10 £ £10 S0 £ £10 £ £ £ 20 £
e e A e g e e e e e g e e g e G N e e e A e S G g G G e e G e G G e e i G G e e e G A G A A N e e G g A e e A G S A e A e S N N S S
(62}

gDr.moawia Ibrahim hamedelnil — moawiaibrahim73@gmail.com
N e S F AR A G O WA AN O F AR A AR A F NG A N O A A O F AN S A NG S F A A O A F AN S P A O A F AR A G A P A AT A A G T



mailto:moawiaibrahim73@gmail.com

G i e G e G O G G e G G R O G g
¥ This work represents the trapezoidal area under the line Fs=ks.
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(b)

Consider the particle located on the path defined relative to an inertial coordinate system. If the
particle has a mass m and is subjected to a system of external forces represented by the resultant
Fr=XF, then the equation of motion for the particle in the tangential direction is XFt=mat.
Applying the kinematic equation at=vdsdv and integrating both sides, assuming initially that

the particle has a position s=s; and a speed v=v1, and later at s=s,, v=V», we have:
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Note that XF=XFco0s0, and since work is defined, the final result can be written as:
451' LS Al damll UK Sy c\s.a...m 8 yma Jaidl u\ L X F=XFcos0 u\ LaaY i
YU1-2=(1/2)mv2?—(1/2)mv1?

 This equation represents the principle of work and energy for the particle. The term on the left

|s the sum of the work done by all the forces acting on the particle as it moves from point 1 to
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7 pomt 2. The two terms on the right side, which are of the form T=(1/2)mv?, define the particle's

o £

¥ final and initial kinetic energy, respectively. Like work, kinetic energy is a scalar and has units

SN

ﬁf ¥ of joules (J) and ft-1b. However, unlike work, which can be either positive or negative, the

Vo : .. . : .
7 Kinetic energy is always positive, regardless of the direction of motion of the particle.
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i " 1tis often expressed in the form:
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T1+XUi2=T>

Which states that the particle's initial kinetic energy plus the work done by all the forces acting

%%%%%%%%%%%%%%%%%

i on the particle as it moves from its initial to its final position is equal to the particle's final

el

¥ kinetic energy. As noted from the derivation, the principle of work and energy represents an

%

{ff mtegrated form of XFi=ma, obtained by using the kinematic equation at=vdsdv. As a result,
Voo . : : o :
g this principle will provide a convenient substitution for XF=ma: when solving those types of

¥ Kinetic problems which involve force, velocity, and displacement.
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gA special class of problems will now be investigated which requires a careful application of

g equation. These problems involve cases where a body slides over the surface of another body in

ﬂf the presence of friction. Consider, for example, a block which is translating a distance s over a
i
g rough surface. If the applied force P just balances the resultant frictional force ukN, then due to

g equilibrium a constant velocity v is maintained, and one would expect the equation to be
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T1+XU12=T2
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