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8.1 The Nonisolated System (Energy)

Energy crosses through the boundary of the system during some time
due to interaction with the environment.

Work 1s a method of transferring energy to a system by applying
force to the system. The application of force results in displacement
Mechanical waves are a means of transferring energy by allowing a
disturbance to propagate through air or another medium. Exp. sound
waves, seismic waves and ocean waves.

Heat 1s a mechanism of energy transfer that 1s driven by a
temperature difference between a system and its environment.

Matter transfer involves situations in which matter physically crosses
the boundary of a system, carrying energy with it. Exp. Convection
Electrical transmission involves energy transfer into or out of a
system by means of electric currents.

Electromagnetic radiation refers to electromagnetic waves such as
light, microwaves and radio waves crossing the boundary of a system
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We can neither create nor destroy energy—energy 1s
always conserved. Thus, if the total amount of energy
in a system changes, it can only be due to the fact that
energy has crossed the boundary of the system by a
transfer mechanism. This 1s a general statement of the
principle of conservation of energy.

AEsystem — Z r

Esem 18 the total energy of the system, including all
methods of energy storage (kinetic, potential, and
internal), and 7 (for transfer) i1s the amount of energy

transferred across the system boundary by some
mechanism. Assoc.Prof.Dr. Fulya Bagci
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* Work-kinetic energy theorem 1s a special case of
the more general case principle of conservation of
energy.

8.2 Isolated System (Energy)

* If for a system all terms at the right side of the
conversation of energy equation are zero, the
system 1s an 1solated system.

* No energy crosses the boundary by any method.

* For example, after we have lifted the book, there 1s
gravitational potential energy stored in the system ,
which can be calculated from the work done by
external agent on the system, using W= AU,



W on book = mg.Ar = —mgj.(y; — y;)j = mgy; — mgyy

Won book — AKbook

The book is held at rest
here and then released.

AKpoor=mgy; —mgyy :
AY
mgy; —mgys=—(mgys—mgy;) 1
—_— ﬂﬂg ¥
At a lower position, the
¥ book is moving and has
AK — _A Ug i kinetic enf;‘gygﬁ'.

AK + AU g =0 ©Serways Physics 9th Ed. (Serway, Jewett)



The left side represents a sum of changes of the energy stored in
the system. The right-hand side 1s zero because there are no
transfers of energy across the boundary of the system; the book—
Earth system 1s isolated from the environment. We developed this
equation for a gravitational system, but it can be shown to be valid
for a system with any type of potential energy. Therefore, for an
1solated system,

AK + AU, =0

AE mechanicat=0

This equation states for conservation of mechanical system for an
1solated system with no nonconservative forces acting.

Kf_Kl +Uf_ Ui :0



Kf_Kl +Uf- Ui :0

For the gravitational energy of falling book,
Kf — Ki +Uf' Ui =()

smui + mgy, = gmu;? + mgy,

Etotal,i = Etotal,final

If nonconservative forces act on a system, mechanical energy 1s not
conserved but total energy of the system 1s always conserved.

AE = ()

system



Example 8.1 Ball in Free Fall

A ball of mass m is dropped from a height h above the ground.
(A) Neglecting air resistance, determine the speed of the ball when itis at a

height v above the ground. Choose the system as the ball and the Earth.
(B) Find the speed of the ball again at height y by

choosing the ball as the system.

(A) AK + AUQ = ()
(bmu? — 0) + (mgy — mgh) = 0

v), = Qq(h — )) o y= \/Qg(h — y)
AK=W

= —mgAy = _???,g(_'}‘ - h) - ?Hg(h B y)

2=2g(h—9y) = v= V2(h—y)
©Sungkyunkwan University




Example 8.2 A Grand Entrance

Mass of an actor 1s 65 kg. Sandbag 1s 130 kg. Two pulleys are
frictionless. Cable between the harness and the nearest pulley
is 3.0 m so that the pulley can be hidden behind a curtain.

For the apparatus to work successfully,
the sandbag must never lift above

the floor as the actor swings from

above the stage to the floor. I~
Initial angle that the actor’s /
cable makes with the vertical is 6. ,/ /¢

)
1

N S

What is the maximum value /
@ can have before the P~
sandbag lifts off the floor?  s¢ i

e Y
Actol : Sandbag

©Serways Physics 9th Ed. (Serway, Jewett)



AK+ AU, =0

(1) (:lém;lcmrvj? o 0) T (O o m-,u*u”-gyj) = ()
(2) v/ = 2gR(1 — cosf)

9

Y
E P:r = = Mycior& = m;:u‘fur ?
3) T i
; =S R Y —
( ) md(.lulg m.utnr R
2¢R(1 — cos 0)
mbagg = macmrg + M, cror R
Smactur —m 3(650 k ) - 130 k
cos 6 = ™8 = B S — 0.500
2M 5101 2(65.0 kg)

6= 60.0°



Conservation of Mechanical Energy

Need two types of potential energy!

Example 8.3 Spring Loaded Cork Gun

Ball, mass m =35 g = 0.035 kg in popgun is shot © O yg=200m
straight up with spring of unknown constant k.
Spring is compressed y, = - 0.12 m, below
relaxed level, yz = 0. Ball gets to a max height
Yc = 20.0 m above relaxed end of spring.

(A) If no friction, find spring constant k.

(B) Find speed of ball at point B.

Ball starts from rest. Speeds up as spring pushes
against it. As it leaves gun, gravity slows it down.
System = ball, gun, Earth.

J'@ =0

YaY. |

A

Conservative forces are acting, so use bl ;= —0.120 m|

A

FAVAYA

Initial kinetic energy K = 0. Choose
gravitational potential energy U,= 0

where ball leaves gun. Also elastic potential
energy U= 0 there. At max height, again

have K = 0. Choose Note: © Braoks/Cole T

(a) (b)

© 2007 Thomson Higher Education



For entire trip of ball,
Mechanical Energy is Conserved!! © ©)p=200m
or: K,+U,=Kgz+Uzg=K;+U,.
At each point, U= U, + U, so,
Kyt Uyt U s =Kyt Uyg + Uy =K+ Uy + Uy

—
v

(A) To find spring constant k, use:
K+ UgA+ Uaa=Kc+ UgC + Ugc
or, 0 + mgy, + (V2)k(y,)* = 0 + mgyc + 0, giving
k= [2mg(yc —ya)/(Y4)’] =958 N/m

'r': Ng= —0.120m '_:
: .

(B) To find ball’s speed at point B, use:
K+ UgA+ Uaa=Kg+ UgB + Ug
or, (A)m(vg)? + 0+ 0 =0+ mgy, + (“2)k(y,)?, giving | |
(vp)* = [k(y,)*/m] +2gy,; or, (vg) =19.8 m/s  commetiimersen 7

© Brooks/Cole Thomson
2016 College Physics



8.3 Situations Involving Kinetic Friction

f.-’i
it

©Serways Physics 9th Ed. (Serway, Jewett)

From your everyday experience with sliding over
surfaces with friction, you can probably guess that the
surface will be warmer after the book slides over it.
Thus, the work that was done on the surface has gone
into warming the surface rather than increasing its
speed. We call the energy associated with an object’s
temperature its internal energy, symbolized £, ..
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L@V =TT =Y
dt dt dt di
d¥ 5 iz dv*
2 i = L (e ) =1 —
g - zdr( ) =3 dt
? dv?

; : "
ﬁ.
Z {I!Ehf‘i' forces + f fk' d? = 5 d dt = %m I d(‘i!z) — %??H{? — %Hlﬂ? — ﬁK
: i ‘!'Li t o

E Wother forces fkd — AK

The change in kinetic energy 1s equal to the work done by
all forces other than friction minus a term f,d associated
with the friction force.



AE =AK+ AE._ =0

system int

—ﬁ,d + AR

1mnt

111t fk

The increase 1n internal energy of the system is equal
to the product of the friction force and the path length
through which the block moves.

Z W, other forces W= AK+ AE

mnt



Example 8.4 Block Pulled on Rough Surface

A block, mass m = 6 kg, 1s
pulled by constant horizontal
force F = 12 N. over a rough
horizontal surface. Kinetic
friction coefficient p, = 0.15.
Moves a distance Ax =3 m.
Find the final speed.

(b)
“©"Brooks7Cole Thomson

2016 College Physics



Z Wnther forces WF = FAx
Z%ZO - n—mg=0 —> n=mg
[ = mpn = uymg = (0.15)(6.0 kg)(9.80 m/s*) = 8.82 N

FAx = AK + AE,, = (bng? — 0) + id

1t

Vp = \/2 (—f,d + FAx)

1

Uy = Jtmgkg[(&SQ N)(3.0m) + (I12N)(80m)] = 1.8m/s



Suppose the force Fis applied at an angle 6 as shown. At what
angle should the force be applied to achieve the largest possible
speed after the block has moved 3.0 m to the right?

> W, = W= FAxcos 6§ = Fdcos 6

other forces
> E,=n+ Fsinf — mg=10

n= mg— Fsin

Wp=AK+AE, = (K,—0) + fid > K= Wy— fid

K;= Fdcos§ — ynd = Fdcos § — p,(mg — Fsin 6)d
ﬂr = —Fdsinfl — u,(0 — Fcos@)d=0
e ;
—sinf + p,cos ) =0

tan 6 = u,

6 = tan"!(u,) = tan"1(0.15) = B8.5°



Example 8.6 Block — Spring System

A mass m = 1.6 kg, 1s attached
to 1deal spring of constant k =
1,000 N/m. Spring is
compressed x=-2.0cm=-2
x 102 m & is released from
rest.

(a) Find the speed at x = 0 1f
there 1s no friction.

(b) Find the speed at x =0

if there 1s a constant friction
force f, =4 N.

(b)

© Brooks/Cole Thomson
2016 College Physics

& 2007 Thomson Higher Education



In this situation, the block starts with v=5 0 at x,=5
22.0 cm, and we want to find v,at x,

15 9
w’{; N E’&Imm{

1 !
W, = gmvf — gmu;?

0 9
- _ 9, £ (1.9
vr=alvs + — W = \/i-'- + — (5kx=..)
/ \/ ’ m : s

0= \/ﬂ + [3(1000N/m)(0.020 m)?] = 0.50 m/s

W, = AK+ AE,, = (gmv/ — 0) + fid

2 2
v, = \/E (W, — f.d) v = \XE (3kx2.c — fid)

vy = \}i [3(1 000 N/m)(0.020 m)? — (4.0 N) (0.020m)] = 0.39 m/s
1.6 kg



