Lecturesin General Physics

5.1 Potential energy and conservation ener gy
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5.2 Conservative forces

A force is conservative when the work done by that force acting on a
particle moving between two points is independents of the path the
particle takes between the points.

Wheg(along 1) = Weo(along 2)

The total work done by a conservative force on a particle is zero when
the particle moves around any closed path and returns to its initia
position.

Wheg(along 1) = - Weg(along 2)
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Types of forces I

Conservative force Non Conservative for ce
) I ) I
Work independent of the path Work dependent of the path
For ce of Gravity Force of Friction
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5.3 Potential energy

When the work done by conservative force we found that the work
does not depend on the path taken by the particle. Therefore we can
define a new physical quantity called the change in potential energy
DU.

The Change potential energy is defined as

DU=(-W)=Uf-Ui=-éj:de (5.1)
X
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5.4 Conservation of mechanical energy
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W=DK =- DU (5.2)
DK =- DU (5.3)
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DK +DU =D(K +U)=0  (5.4)

This is the law of conservation of mechanical energy, which can be
written as

K +U, =K, +K, (5.5) L aw of conservation
mechanical energy

5.5 Total mechanical energy
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L aw of conservation
E=E { W vati ]

mechanical energy

The law of conservation of mechanical energy states that the total
mechanical energy of a system remains constant for conservative

force only. Thismeansthat when the kinetic energy increased the
potential energy decrease.
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Examples

; Example 5.1

A 0.2 kg bead is forced to
dideo africtionlesswireasin
the Figure. The bead starts = \ = p__.=__
fromrest at A and endsup at 1.5m
B after colliding with a light
spring of force constant k. If
the spring compresses a
distance of 0.1 m, what isthe
force constant of the spring?

Figure5.1

; Solution

The gravitational potential energy of the bead at A -with respect to the
lowest point is

Ui = mgh; = (0.2 kg) (9.8 r/s’) (1.5m) =2.94J

The kinetic energy of the bead at A is zero since it starts from rest.
The gravitational potential energy of the bead at B is

Us = mghr = (0.2 kg) (9.8 m/s?) (0.5 m) = 0.98 J

Since the spring is part of the system, we must also take into account
the energy stored in the spring a B. Since the spring compresses a
distance x, = 0.1m, we have

Us= 1 kx.2= 1 k(0.1)?
2 2
Using the principle of energy conservation gives
U =U;+ Us
2.94J=0.98J+ % k (0.1)
k=392 N/m
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§ Example 5.2

A block of mass 0.2 kg is given an initial speed v, = 5 m/son a
horizontal, rough surface of length 2m as in Figure 5.2. The
coefficient of kinetic friction on the horizontal surface is 0.30. If
the curved part of the track isfrictionless, how high doesthe block
rise before comingtorest at B?

Figure5.2

§ Solution

Theinitia kinetic energy of the block is
Ko = % mv = % (0.2kg) (5mVs)?

=250J
The work done by friction along the horizontal track is
W = -fd = -nmgd = -(0.30) (0.2) (9.8) (2) =-1.18J
Using the work-energy theorem, we can find the kinetic energy at A
W =ka - Ko =Ka - 250

Ka=250+W=250-118=132J

Since the curved track is frictionless, we can equate the kinetic energy
of the block at A to its gravitational potential energy at B.

mgh = K, = 1.32 ]

132]

= =0.673m
0.2kg” 98m/ ¢’
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§ Example 5.3

A single conservative force Fx = (2x + 4) N acts on a 5-kg particle,
where x isin m. Asthe particle moves along the x axisfrom x = 1
m to x = 5 m, calculate (a) the work done by this force, (b) the
change in the potential energy of the particle, and (c) its kinetic
energy at x =5mifitsspeed at x =1 mis3 m/s.

§ Solution

Fx=(2x+4) N X=1m Xx=5m vi = 3m/s

xf xf

(3) W= OF, dx = (f2xc+ k=[x +4x], = 57 +4 (5) {1° + 4(1)] =400

(b) DU = -We = -40J
(0 DK+ DU=0 b DK=-DU=-40.0J

K - % mvi= 40J

Ki=40.0J+225J=62.5]

§ Example 5.4

A bead dides without friction 1

around a loop-the-loop. If the
bead is released from a h = h
3.5R, what is its speed at
point A? How large is the
normal force on it if its mass
is5.0?

Figure5.3
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; Solution

It is convenient to choose the reference point of potential energy to be
at the lowest point of the bead's motion. Sincev; = 0 at the start,

E =K +U= 0+ mh = m(35R)
The total energy of the bead at point A can be written as

Ea=Ka+ Up= % Mmva” + mg(2R)

Since mechanical energy is conserved, E; = Ea, and we get
%”“’AZ +mg(2R) = my(3.5R)

VaZ=3gR or vy = (BgR
To find the normal force at the top, it is use to construct a free-body

diagram as shown, where both N and mg are downward Newton's
second law gives

=3mg P N=3mg - mg = 2mg

amal) A A Laiill aie (Y @lly
A Jlae e dad

N = 2(5 x 10 kg (9.80m/s”) = 0.098N

; Example 5.5

A 25-kg child on a swing 2 m long is AN
released from rest when the swing
supports make an angle of 30° with the
vertical. (a) Neglecting friction, find the
child's speed at the lowest position. (b)
If the speed of the child at the lowest
position is 2 m/s, what is the energy loss
dueto friction?

Figure5.4
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; Solution

(@  First, note that the child falls through a vertical distance of
h=(2m) - (2m) cos30°=0.268 m

Taking U = 0 at the bottom, and using
conservation of energy gives

Ki + Ui = Kt + Us

O+mgh:% mvZ+ 0
v=Cogh =29 mis

(b) If v = 2 m/s, and friction is present, then
1
W= DK+ DU = (% mve® = mvi2)+ 0 - mgh
W =-15.6J

; Example 5.6

A block of mass 0.25kg is placed on a vertical spring of constant
k=5000N/m, and is pushed downward compressing the spring a
distance of 0.1 m. Asthe block isreleased, it leaves the spring and

continuesto travel upward. To what maximum he|ght abovethe
point of release doesthe block rise?

; Solution T

Taking Ug = 0 to be at the point of release, and
noting that = v; = 0, gives

E|:K|+U|:O+(Us+ Ug)|
1
E =5 kx2+ 0=25J

When the mass reaches its maximum height h,
v¢= 0, and the spring is unstretched, so Us = 0. Figure5.5

E: = K¢ + Us = 0 + mgh = (0.25 kg)(9.80 m/s’) h
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Since mechanical energy is conserved, we have E; = E;, or
(0.25 kg)(9.80 m/s)h = 25J

h=10.2m
YA Example 5.7 e ®
A ball whirlsaround in a vertical circle mg l T,

at theend of astring. If theball'stotal :
energy remains constant, show that the |
tension in the string at the bottom is
greater than the tension at the top by
six times the weight of the ball. }

§ Solution

mg

Applying Newton's second law at the
bottom (b) and top (t) of the circular path gives Figure 5.6

T,-mg= ™% (1)

R
7
= )

Tt+m:

Subtracting (1) and (2) gives
2

2
Tb:Tt+2mg+w @A)

Also, energy must be conserved; that is,

DK+ DU=0. So,
%mvb2 - %mvtz +(0-2mgR) =0
- )

R
Substituting (4) into (3) gives

Tp =T + 6mg.

= 4mg (4)
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§ Example 5.8

A 20kg block is connected
to a 30kg block by a light
string that passes over a
frictionless pulley. The
30kg block is connected to
a light spring of force
constant 250N/m, as in
shown in the Figure. The
spring is  unstretched

when the system is as _

shown in the figure, and Figureb.7
theinclineissmooth. The

20kg block is pulled a distance of 20cm down the incline (so that
the 30kg block is 40 cm above the floor) and isreleased from rest.
Find the speed of each block when the 30kg block is 20cm above
thefloor (that is, when the spring is unstretched).

§ Solution

AN Cnaad s 530 Ly JUatiad 0 ALl a X i ) saad) 138 ]
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DK +DUs+DUg =0
(Kt- Ki) + (Ug- Ug) + (Ugt- Ug) =0
él 2 AU 1 ., . _
gi(ml+m2)v - OH+(O- Ekx ) + (m,gxsing - mgx) =0
e ol Ao iluad Aslaadl Jaig pidly Aal) Asladdl b (g

v=1.24m/s
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5.6 Non-conser vative for ces and the wor k-ener gy theorem
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Wnc = (Kf+Uf) - (K, + U.) (58)

Wnc = Ef - Ei (59)
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§ Example 5.9

A 3kg block dlides down a rough incline Im in length as shown in
thefigure. The block starts from rest at the top and experience a
constant force of friction of 5N. the angle of inclination is 30°. (a)
Use energy methods to determine the speed of the block when it
reach the bottom of the incline.

§ Solution

y=0

Figure 5.8

Wie=E-E
Whe = (KetUp)-(Ki + Uj)
-fs= (12 mv* + 0) - (0 + mgh)
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