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11. HAFAT is-Enerji
Power of a force:Power in the ability of a force to do work

P=Fov=Fvcos@E

E: The force applied on partic@

Path of Q

v: The velocity ofQ

ORNEKZ1: IS-ENERJI

Calculate the power of the frictional force to dortwon the grinding disk and
its power to do work on the work piece B. Assunedhinding wheel and
connection have a total massnaf\WWhat happens to the difference in the power?

Cozum:
(a) Power of friction to do work on the grinding el
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Kinetics:
D> F =0
= N-mg=0= N =mg
= T = pymg
Vo=l ~*—
Kinematics:
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(b) Power of friction to do work on work pie@e

Ps =Fov=(-TI)o(vgl) = ~1vg = —44mgv,

The difference in the power betweRnandPg appears in the form of heat that
ends up heating the surfaces.

Note: The power of a force is related to the velay of the particle it is
acting upon.

F. = Fcos@ )
P=Fvcos@ )= Fv,=Fkyv

Work of a force: The workU, , of a force on a particle over the interval of time
from t; tot, is the integral of its power over this time intaitv

t1




t, t, t, t,
Uy = [ Pdt = [ Fovdt = [ Fudt = [ Fydt
t, t, t, t,

Other methods to find the work of a force are:

t2
Ul—2 = on\—/dt t, dr r,

t :Ul_Z:ond—;dt:ondL
y=ar 4 r
T dt

r,
= Ugp = [ (Fyi + Fyj + Fk ) o (i +chyj +dk )

LY

X, Y, Z,
=Uy_p = | Fedx+ | Fydy+ [ F,dz

Xl yl Zl
t
U1_2 = JgFOth t2 t2 t2 ds
ST T = U = [Fovedt = [(Fog)vdt = _[Ftd—dt
' ty i ty :

V= Ve
S,

= U1_2 = J- FtdS
s,
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Calculate the work from time @ timet of the constant magnitude for€e that

changes its direction b§ =&t AssumeA moves with constant speéd.

COozum:



t, t,
U5 = [ Fovdt =[ Fvt
t, t,

t t
= j F, cosf v, dt :j F, cosft Yy, dt
0 0

F.V, n@1)
= —sin(w
w

ORNEK 3: IS - ENERJI

A particle moves under the constant horizontatdédr. and gravity from point
A to B on the smooth circular bar. Calculate thekwaf the forces applied on
the particle.

Cozum:



. Work of N: N is perpendicular to the patlathtimes and, as a result, has
no component tangent to the path . Therefore, ¥ doewvork from A to B.

o o Work ofF, andmg:

B B
Uy, = |Eodr = [ (Fi—mg)o(di +dy)
A

A

r -
= j FodXx — jmgdy =F,r + mgr

0 0

Kinetic energy of a particle: A particle of massn at each instant in time has a
kinetic energyl given by

T=—-mv

The work-energy relation: The relation between the work done on a partigle b
the forces which are applied on it and how its kmenergy changes follows
from Newton’s second law.

DF=ma = ) Fov=maov = » Fov=maoV
t, t,

[> Eovdt=[maowt
s E =>2U1,=To-T

dLZ_dyoy_a V+Vvoa=2aoV
at dt - - - - = =

Note: The work done on a particle by the resultarde applied on it over a
given interval of time will be equal to the chang&inetic energy of the

particle. In other words, the kinetic energy ofaatigle is changed by an amount
equal to the work which is done on the particldh®y resultant force.

T+ U p=Ty

ORNEK 4: is- ENERJI



The particle starts from rest at A and moves albegsmooth circular bar under
the constant horizontal forde and under gravity. Calculate the velocity of the
particle as a function o .

— F,
e \\
r cost N

Solution:
. Work of N equals zero since it is perpeunldicto the path at all the
times.

. o Work of Fo  andmg

c
ZUA—C :IEOdLZ
A

rsin@ r cosd

2. :jmﬂ—ﬁmw:ﬁmm&wwmwﬁﬂ
0 r

(FoL—mg ) o (dx_+dy )

> — O



=Y U,.=Frsind+mgrl-codd ) ()

° o Work-Energy relation:
Ta +ZUA—C =T (2

1
T,==mv: =0, (v, =0,
AC2A Vs start from rest)
— 1 2
TC = Emvc
(1) (1) into (2)

1
= F,rsingd+mgr (L- cod )= Em\/é

Fr
=V, :JZ rcr)1 sin@ + 2gr (1- coY )

ORNEK 5: iS - ENERJI

The particle starts from rest at A. If the barnsosth and the spring has a free
length ofls, calculate the speed of the particle as a funafon

Solution:



AV
"
I mg
° o First calculate the work of the forces.
° o N does no work since it is perpendiculathi path of the bar at all

times.

B X
ZUA_C :thds:J(—FscosHHng)jx
A 0

p X
:{)[-wxz +b% ~lo) o+ mlx

X
X
= [—k)(+k| —+mg]dx
{ 0 /x2+b2
2
= —k%+ K v/x2 + b2 — Kl b + mgx

Start from rest> Va = 0

Work-Energy relation
TA + Z U A-B ~ TB

kx? 1
30—7+k|0\/X2 +b? —klob+mgx:§m>'<2
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:x:\/—?+—kl VX? +b? - —kI Jo+2gx

POTANSIYEL ENERJI

Conservative forces:A forceFE is conservative if it can be represented as the
gradient of a scalar function. This can written as

F=-LVv
whereV is a scalar function of position in space. Theatiwg sign is only for
convenience so thatcan be identified as the potential energy.

Work of a conservative force:Given a conservative ford¢g its work can be
calculated as

dt' dt— dt
I(o"\/dx N dy a"\/dzdt _Tdv
ox dt Jdydt OJdzdt

= _[V(tz) —V(t)]
Therefore, the work of a conservative force is tiggahe change in its
potential energy.
Note: Since the work of a conservative force does npedd on the path the
particle takes when going from its location at tiilnt® its location at time 2he
work of a conservative force is path independent

ORNEK 1: POTANSIYEL ENERJI
Calculate the potential energy of a constant féi.ce

Solution:
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oV

Fo=—75_ D

F-—vr=ir - 2L (2)
F "5y
oV

Fo=-—— 0

: : F. K F : :
Since Fis constant, the™ ** 7"~ #are constant. V is a function ofY,2).
Therefore

D=V =-Fx+C(y,z) (4)

Note that the constant of integration is not a cealstant but is a function gf
andz.

Substitution of (4) into (2) GIVES

78 & C - P D
R Pl 9+ D) (5

Substitution of (5) into (3) gives

P aV aD De FriE
i Jz dz =

Therefore, the potential energy of a constant férce
V=-bx—FHy-Fz+E

ORNEK 2: POTANSIYEL ENERJI
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Calculate the potential energy of the spring foAgsume the spring has a free
length of .

Solution for 2-D motion

m
7 Fo=k(r-ry)
/
O
In polar coordinates
Q\/:ﬂgr+lﬂ§€
or r 06
Therefore,
( oV
—k(r-r))=-—— (1
. (r-r)=-—- @
= N
S PO VA2,
" roe
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Integrating (2) gives
V=C(r) (3
Substituting (3) into (4) gives
dC

-k(r-r,) = = k(r —r,)dr =dC

Integration using¥ =r —I, so thatdw = dr gives

(r — ro)2
_ 4 =
k > D=C

Therefore, the potential energy for the spring éasc

1
\% :Ek(r—ro)z +D

The work-energy relation: The work energy relation can be rewritten to take
advantage of the fact that you can calculate thé&wbconservative forces form
the potential energy. Let the resultant work off@ites on a particle be
separated into the work done by conservative foaoelsthe work done by non-
conservative forces as follows

ZUH = Zul— 2con. t ZU + 2non-con — _Z \ 2_V]) +ZU % don-con

Introduction of this into the work energy relatigives

T1+ZU1—2 :T2 :Tl_Z(VZ_V]) +ZU t don-con =T 2

= Tl + Zvl +ZU 1- 2non-con — T2+ ZVZ

Total Mechanical Energy: The total mechanical enerdyis the sum of the
kinetic energy and the potential energy of the eoretive forces.

E=T+)V
The work energy relation can now be written as
El + ZUI—ZHOI’I—COHS = E2
Conservative systemsA conservative system is one for which the total

mechanical energlf remains constant. This can only happen if the non-
conservative forces do no work.

Potential energy of gravity: The potential energy of gravity is given by



14

whereh is measured from an elevation selected as referenc

m

R A

Potential energy of a spring:The potential energy of a spring is given by
1 1
Vs =5 k(I - ,)? :Eksz

wherek is the spring stiffness$,is the spring’s current length, ahds the free
length of the spring, anglis the stretch of the spring.

| | | |

E
b Sk — ANANAN—— —>
i e
Free Spring Stretched Spring

ORNEK 3: POTANSIYEL ENERJI
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Massm s released from rest Atand moves on the smooth collar frénto B
under the action of the spring and gravity. Caliuthe speed of the particle

¥
==
before it hitsB. The spring has an initial length

[

Solution:
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- mg

T N

N1
a

F=k(I-1) \

Force analysis:

mg is conservative

F £1S conservative

N is perpendicular to the path at all points fromoAB{ so it does no
work.

Balance of work and energy:

TA+ZVA+ZUA—BHOH—CDH :TB+ZVE (1)

Starts from restat — ¥4 = ¥
1 7
I'y=—mv, =0
]' 2



17

]
SV =V +V, mghAJrEk(EA—fa)E
:mngr%k(\/der 2Ly
D Vs =Vyg+ Vg = mghg+= k(z 1y

1
= mg(0) + —k(r — =) = —k?
mg( )+2 (r 2)

8
Z U}l—B non-con 0

Substitution into (1) gives

1
mgr + —k(ﬁ,fdg + = Emv + gkrz
JZgr—i——(v'dz +r°

(all forces which do work are conservative)

4m



