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e Potential energy

Gravitational Potential Energy

We consider first the motion of a particle of mass

m in close proximity to the surface of the earth, sk
— V=
where the gravitational attraction (weight) mg is ?\\ 1
. . . . mg \
essentially constant, Fig. The gravitational Ql% i

potential energy V, of the particle is defined as the 1'

work mgh done against the gravitational field to
elevate the particle a distance h above some w
arbitrary reference plane (called a datum), where V; is taken to be zero. Thus, we

write the potential energy as
V, = mgh (3/18)
This work is called potential energy because it may be converted into energy if

the particle is allowed to do work on a supporting body while it returns to its

lower original datum plane.

In going from one level at h = h; to a higher level at h = h,, the change in

potential energy becomes

AV, = mg(hy — hy) = mgAh

The corresponding work done by the gravitational force on the particle is -mg4h.
Thus, the work done by the gravitational force is the negative of the change in

potential energy.
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When large changes in altitude in the field of

the earth are encountered, Fig., the m 'y __meR:
gravitational force 7

— 2 L ol d
Gmm,/r® = mgR*r* i longer constant. rt SR .t
The work done against this force to change the R:?:(
radial position of the particle from ry to r; is '
the change (Vg), — (Vg): in gravitational ‘
potential energy, which is (®)

A d ; T !
J;l ng2 ;2’—. = ng2 (; = ;;) = (Vg)z - (Vg)1

It is customary to take (Vg), = 0 when r, = oo, so that with this datum we have

ey
[V"—'- i ] (3/19)

In going from ry to r,, the corresponding change in potential energy is

_ 1 o |
AV, = mgR? (— —)

ry ry

Elastic Potential Energy: The second example of potential energy occurs in the

deformation of an elastic body, such as a spring. The work which is done on the
spring to deform it is stored in the spring and is called its elastic potential

energy V..
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V.= | hedx=1r? (3/20)
0

If the deformation, either tensile or compressive, of a spring in-creases from x; to
X, during the motion, then the change in potential en-rgy of the spring is its final

value minus its initial value or

AV, = Lh(x,2 — 2,2

Sample Problem 3/16 ™ 440 1

The 6:1b slider is released from rest st position 1 and slides with negligible
friction in a vertical plane along the circular rod. The attached spring has a stifi-
ness of 2 [bfin. and has an unstretched length of 24 in. Determine the velocity of
the slider as it passes position 2.

//////I//////A‘.,Tl

Solution. The work done by the weight and the spring force on the stider will
be trested using potential-energy methods. The reaction of the rod on the slider

is narmal to the motion and does no work. Hence, U}, = 0. Wo define the datum 3w
to be at the level of position 1, o that the gravitational potential energies are r
V,=10

1
24 Helpful Hint
V= ~mgh 6{ S) 12 fx-1b

| to that il w intedd Lthe w
The initial and final elastic (spring! potential energies are June by the spring ting on
1 1 24\ h hid neans of the integral
Vi=gkn? = ;!I'Zl(lzl(iz) = 48 ft-1b F e, it wonld nocessitate a Jengthy
. computation o count §i th
1 2.1 24,2 24\ chunge in thy magrituds
Vo= byt = i) 3% - ) < gaun.
2 zb’ 2“2“12 \ 12 12 Gt rib AMONR with the change in thy angis
Substitution into the alternative work-energy equation yields between the force and the tangent
! path, Note furthe ha |
’ 1 & ¢
T+ Vi + U, =T;+V, 0+48 +0= ( vl — 12+ 824 pends on n the end conditions o
: l l v : ‘] 2\322/ = the motion 1:.'1y lo not  regulr
Uy = 23.6 ft/sec Ans, knuw ledy [ the shupe of the path
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Sample Problem 3/17

The 10-kg slider moves with negligible friction up the inclined guide. The
uttached spring hus & stiffness of 60 N/m and is stretched 0.6 m in position A,
where the slider is released from rest. The 250-N force is constant and the pulley
offers nogligible resistance to the motion of the cord. Calculate the velocity vp of
the slider as it passes point C.

Solution. The slider and inextensible cord together with the attached spring
will be analyzed as s system, which permits the use of Eq. 321a. The only non-
potential force doing work on this system is the 250-N tension applied to the
cord. While the slider moves from A to €, the point of application of the 260-N
force moves a distance of AB -~ BCor 1.5 - 0.9 ~ 0.6 m.

Ul = 25000.6) = 150 J
We define u datum st position A so that the initial and final gravitational poten-
tial energies are
Vi=o Vi = mgh = 10(9,81)(1.2 sin 30°) « 58.9J
The initial and final elastic potential energies are
V, = ke = 1600067 « 1080
V= jhegt = 160008 + 1.20° = 97.2J
Substitution into the alternative work-energy equation 321g gives
(Ty+ Va4 Use=Te+ Vel 0404108 + 150 = } (10),* + 589 + 97.2
e = 0.974 m/a Ang,

Dynamics (DWE2304)
Dr. Ahmed T. Noaman
Dr. Ghassan S. Jamil

Helpful Hints

{1) Do nut hesitate to s subscripts tal-
lared (o the problem ut hand. Hero
we use A and € rather than | and 2

(2) The rosctions of the guides on thy
slider wre normal to the direction of
metion and do po work
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