DAY 6

Summary of Primary Topics Covered

Work

Work is defined as the product of a force and the distance moved
by that force in a direction parallel to the force. The
“parallel” requirement is a hallmark of a specific type of
product, known as the DOT product. We will encounter the DOT
product in detail later in the semester. A dot is used as the
multiplication symbol in our work equation:

Using this equation, we can see from where the formulas for
Kinetic Energy and Potential Energy are derived.

Deriving Kinetic Energy formula

A force F is applied to an object of mass m that is at rest. It

accelerates up to speed v in a distance d. The object gains
Kinetic Energy because it is moving.

F W ~ (o
—-+ |l -_-.-’.@
At pest r'l'u.rt-ﬁq o Sru-ﬁ
Vor0 v
X,D K= Jl
F- wo W= L
= ma-g
;
o oa, (=)
VL 4 ',Ec‘e (% -%,) <69 ) ;f_-‘r- L E: '_d_;.’:.;'-
Al
Il/l'-' = ¥ i\_?"_ 1!"#’ o
a5 _r____1 .. - ==
y a = ‘j: by \“LI': —l'g_\’rg.,,.;rl-"i‘[\



Deriving Elastic Potential Energy formula

A spring with force constant k is stretched a distance d. The
spring gains Potential Energy because it is stretched.
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W = F-d
Favg = %(0 + kd) = % kd
W =13 kd - d = %kd?

If we use x for distance instead of d we have the elastic
potential energy formula W = % kx°.

Deriving Gravitational Potential Energy formula

An object of mass m drops a distance y. The gravitational field
strength is g.
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Heat Energy

We don’t have a heat energy formula, but we do have a variable
to use in representing heat -- Q.



Momentum
Momentum: P = my

The concept of Momentum comes from Newton’s 3¢ Law of Motion:

If one object exerts a force on a second object, the second
object exerts an equal and opposite force back on the first
object.

F =-F
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For example, consider two heavy masses connected by w

a light compressed spring. Everything is at rest.
The spring is released, creating a repulsive force
between the two masses.
F .M' F
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The two forces are equal and opposite. Furthermore, they both

act for the same amount of time. Once the spring loses contact,
there is no more force between the objects and they both fly off
with whatever velocity they attained while the forces were
acting on them.
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Foy = - Fpo Newton’s 39 Law
ma; = - mas F = ma (Newton’s 2" Law)
my (Avl/t) = — Iy (AVz/t) a = AV/t
mp (vi/t) = - my(vy/t) Both start at rest (vp = 0) so
Av = v —vg =v - 0 = v
mvy, = — IMhVy times cancel out

Momentum: p=myv

Experiments have shown that the total momentum in a system is
always constant. Momentum is conserved.



Momentum and Newton’s 2™ Law

Combining Newton’s 2°¢ Law with our momentum equation gives us a
new way to write Newton’s 2"¢ Law:

SF = m a
m (Av/t) a = Av/t
=m ( Vo) /t Av = v - vy
= (mv - mvp)/t
= (p po) /t
SF 13 /t Net force is change in momentum over

elapsed time.

Example Problem #1:

A 50 kg crate slides down a ramp as shown. When it reaches the bottom
it is moving at 4 m/s. How much heat energy was generated?

Ramp height 1.5 m

Energy at top = Energy at bottom At the top the energy 1is
all gravitational PE.
At bottom the crate has
KE and some energy has
been converted to heat
(0) as it slid down.

PE = KE + Q
Lmv? + Q

mgy =
(50 kg) (9.8 N/kg) (1.5 (0.5) (50 kg) (4 m/s)?
m) = + Q
735 Nm = 400 kgm?/s? + Q Nm and kgm?/s’ are both

Joules
735 J = 400 J + Q
Q = 33543



Example Problem #2:

A bicyclist
(175 1bs
including the
bike) is
pulling a
roller blader
(110 1bs)
at a speed of
20 mph. The
roller blader
lets go,
the cyclist a
good shove.
After the let-
go, the roller
blader is
moving at 15
mph. How fast
is the cyclist
moving after
the let-go (in
mph) ?
Frictional
effects are
small.
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Example Problem #3:

In the previous example, how much work does the blader do when she
pushes the biker?

Before the push-off both blader and biker have KE.
Blader:s mass is 49.9319 kg, VelOCIty is 8.90%5 Mmys.
Biker:s mass is 79.4371 K&, VeloCity is 8.90%5 Mm/s.

KEbiader = % mV?
KEpiader = ¥ (49.9319 KE)(8.90¢5 m/s)* = 1979.5532 J

KEbiker = % mV?
KEbiker = ¥ (79.4371 KE)(8.9045 M/S)* = 3149.2886 J

Everore = 1979.5532 J + 3149.2886 J = 5128.8418 J

After the push-off both blader and biker have KE.
Blader’s mass is 49.9319 Kg, VelOCity is 6.205¢ Mm/S.
Bikers mass is 79.4371 K&, VeloCity is 10.345¢ M/S.

KEb[ader = VZ mV2
KEpiader = % (49.9319 KE)(6.705¢ M/S)* = 1122.5288 J

KEbiker = % MV?
KEpiker = ¥ (79.4371 KE)(10.3454 mM/S)* = 4250.9692 J

Earcer = 1122.5288 J + 4250.9692 J = 5373.4980 J

There’s 244.6562 J more Kinetic Energy

(5373.4980 J - 5128.8418 J = 244.6562 J)

after than there was before. The extra energy must come from the blader
burning Calories and converting food energy into KE when she pushed the biker.

ANSWER: She did 245 J of work.



