Potential en Basic energy

Kinetic energy

Lecture 15

Energy Conservation; Potential Energy

ACT: Car Accident?

You are speeding down the road without a care in the world and just as you
are approaching a sharp curve in the road above a scenic overlook you notice
that your brakes are soft due to leaking brake fluid. From past experience you
estimate that you have about 2 s of braking left. Before the dangerous curve
there is a dip in the road. Which is the best place to use your limited brake?
You must slow down before the curve or you will become part

of the scenery!
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Work done by gravity

A block of mass mis lifted from the floor (A) to a table
(B) through two different trajectories. Find the work

done by gravity. @

[WE mg a7 +mg - a7 + mg -aF;
=mg - (AF + AG + AR)

&

Work by gravity does
not depend on the path

Gravitational potential energy

The work done by gravity does not depend on the path, it
only depends on the vertical displacement Ay, or on the
initial and final y-
W =-mghy
We can ALWAYS write this work as (minus) the change in
some function (fr) that depends on position (hot on path):

w = —(Uf —(//) =AU U= potential energy

Gravitational
potential energy:

U = mgy + constant

There is always room for an arbitrary
constant, because what matters is AU




Elastic Potential Energy (Spring)

What is the work done by a spring as the tip is pulled from x; to x,?

| RALLLAS W, 7—ijdX:—(%kxj—%k)q2j

)y spring =

This can also be written as (minus) the
| U0 Ak

difference of a potential function at
57 the initial and final points x; and x:

00068 Arke Wy =—(U(x)-U(x)

X2

Elastic potential

U = L kx? + constant
energy: 2

Can work always be written in terms of a
potential energy change?

NO!

Example: A box is dragged along a rough horizontal
surface through two paths AD and ABCD:

A— 3D

w.. . =—df, Does not depend
friction,AD K on initial and final

The work done by friction
v CANNOT be written as a
B ¢ potential difference.

Conservative and non-conservative forces

The work done by a conservative force does hot depend
on the trajectory.

+ A potential energy function can be defined.

Examples: Gravity, spring

Non-conservative force = force that is not conservative.

+ The work done by a non-conservative force depends on the
trajectory.

+ A potential energy function cannot be defined.

Examples: Kinetic friction

Conservation of Mechanical Energy

In a system where only conservative forces are doing
work, we can rewrite the WKE theorem:

Wi, = AK — —AU =AK —> MK +U)=0
W . =-AU

net

Definition of Mechanical Energy: £ = K +U

Under the conditions
above, mechanical energy AE =0 or £ .. =
is conserved:

£

final




Example: Free fall

A ball is dropped from a height A. If the initial speed is O and we
ignore air resistance, what is the speed of the ball as it hits the

ground?

We can use kinematics or... the WKE theorem... or conservation of energy.

WKE

Work done by
mg

Conservation of energy

The only force doing work is gravity,

so mechanical energy is conserved.

Ar gravity: mgh Erivia = Erva
initia inal
W =AK Kiitial + Unitiat = Keinat + Usinal
mgﬁ:%myz 0+ mgh :%mv2+0
1
at ground level
v =.2g9h

Two ways of looking at the same problem.

An object of mass mis lifted by a person from the
floor to height A and dropped.

1. Ll‘ﬁ'lng M/nef = Wraity * M/parson =0 (Vini‘rial = Veinal = 0)
Drop: Whey = Wyeqiry = Mgh> O (thus Kincreases)

2. Lifting: W50 > 0. Person is adding energy which is
stored as gravitational potential energy mgh>0 .

Drop: The potential energy is converted into kinetic
energy (thus Kincreases)

ACT: Up an incline

A box of mass m and initial speed v, = 10 m/s moves up a
frictionless incline angled 30°. How high does the box go
before it begins sliding down?

The really nice thing is, we can apply the same
thing to any “incline":

A.2m

C.10m

Only gravity does work (the normal
is perpendicular to the motion), so
mechanical energy is conserved.

E=K+U

EA=%MV§+O

& =0+mgh

E,=E = %mvoz:m_qh
S e ve  (10m/sy?

29 2(10m/s%)

Turn-

point:
where
K=0




- Example: Loop-the-loop

A cart is released from height #in a roller
\9 coaster with a loop of radius R. What is the
minimum /4 to keep the cart on the track?
Impossible, 4 must
be at least 2R

d ATSR
B. 2.0R —£
C. 25R
D.30R
E. 4.0R

Point B is the toughest point. What is the speed there?
£ =6
mgh +0 = mg2R+%mv§

Aaaah.. M

In order not to fall (ie, to keep the circular
trajectory), the forces at B must provide Vi

the appropriate radial acceleration: mg+N = /773

2  mmmmm—————

Vo mi =1
/ﬂg:/ﬂ% = l/Bmm: g !

Let us put equations 1 and 2 together:

v, =29(h—2R) Vemin =V IR
The minimum height is given by:

R - 2g(h, ~2R)

R =2k, —4R ii<

_3 Answer C DEMO:
Ain==R Loop the
2 loop




EXAMPLE: Pendulum

Consider a pendulum of length /and mass m, that is
released from rest at an angle 6,

a. What is the maximum angle that the pendulum will reach
on the other side?

Only weight is doing work, so it's a situation where
mechanical energy £ = KE +U is conserved.

b. What is the maximum speed of the pendulum? KE=0 KE=0
Y
MAX Unax
&
m Sy So the angle
on the other
Unn side is also 6.
vey Kax
Potential energy U is transformed into kinetic energy K.
And viceversa. U= mgy+C = mgl(l-cosd) + C L Lcose
e
. R L
Let's take UY6=0)=0 I lcoso
= €=0
I I U= mglL(1-cose)
E u
E K
)
m L




E = mgL(1-cose) + m2/2 = constant

£ = mgl(1-cose,) + O
E=0+m?/2

Initially:
At the bottom:

0+ m2/2 = mgl(1-cose,) + O

T}

m
DEMO:
Bowling ball
v =,/29L(1-cosb,) pendulum

Appendix: Loop-the-loop with
ool > Newton's laws

Qo A cart is released from height Ain a roller
coaster with a loop of radius R What is the
minimum /4 to keep the cart on the track?

Part 1: The straight section

N
/ mgsiné = ma

@ a=gsing

Speed at the bottom:

2
mg d Vboﬁom = 20)(
_ h
sin@
e Vboﬂom = 2Sin _qSing

=29h

Part 2: The circular section

In the radial direction, v?
N —-mgcoso = mf

at any given &:

In the tangential
direction, at any given 6:

mgsiné = ma,

This is circular
motion with a hon-
uniform angular
acceleration!




In terms of angular quantities:

N - mgcos 8 = mRo*
gsind =Ra

2
N —mgcosf = mk(ﬁ] 6))
) 2 2y dt @)
sing=RZ >
.g n er
Differential equations for &
(at least not coupled)

. - d’0 do dodb do
0] tion (2 this tricks ——="—"=""2"_
n equation (2), use this tric R df - dodr dﬁw

w@ —9ging (nowitsafirst order
40 R differential equation)

w dw:%sinﬁdﬁ

integrate
where wis the angular speed
1, _9g at the bottom, see part 1:
(o —wy) ==(cos6 - cos0° —
2( 0) R ) . = Vboﬂ'om — Zgh
°TOR R
o = 2;72/7 +2?90:0516—1) = %‘7[%+ cosH—lj

At the top, 6= 180%

od-2(2-2] 3

From equation (1), and for 6= 180%

R

N +mg = mRwy,,
Minimum speed < N=0

mg = mRa, .. 4)

(3) and (4): Q(@—Zj :% A = gp




