Work Energy Packet 2
Work and Kinetic Energy

Work and energy are closely related. When you do work on a mass, you change the energy of the mass. But what exactly
is “energy”? Energy turns out to be a bit difficult to define simply and clearly. A traditional definition of energy is “the
ability to do work.” We'li start with that. That means, if something has energy, it can exert a force on something else
over a distance, ie move it.

Energy comes in different forms. If something is moving, it has “kinetic” energy, or energy of motion. Other forms of
energy include potential energy (a mass has more energy if it is lifted off the ground than if it is at rest on the ground),
thermal energy (hot = more energy) and others. This packet will limit the discussion to kinetic energy.

Here’s the big idea. It turns out that the total amount of energy in the universe is a fixed number. An object can
transform kinetic to potential energy, or transfer its energy to another object, but energy cannot be created or
destroyed. If you sit back and think about it, that's amazing. (Einstein broadened this even further by showing the
equivalence of mass and energy: E =mc?, but that will have to wait for another course). This packet is about the
relationship between Work and Energy. The idea that the total energy is a fixed number is the next packet.

Let’s go back to the opening statement “when you do work on a mass, you change the energy of the mass” and explore
it a bit. Consider straight line motion in the x direction as shown in the following diagram. Frx represents all the “x”
forces already combined into the single constant Frx. A complete free body diagram of the mass m at the initial and final
positions would include both weight (F;) and the normal force, but neither Fg nor Fy has a component in the horizontal
direction (they’re all in the vertical direction), so neither contributes to Fix. So for clarity, they are left off.

initial position final nosition
Frx Frx
m T—r m L ——
Ax
X, Vi Xy, Vf’

Recall, Newton’s 2" Law: (in the direction of motion)
Equation 1 Frx= m-ay

Since the force is constant, so is the acceleration (due to Newton’s 2" Law}, meaning we can use the kinematics
equations we’ve been using all year long (recall, they only work for constant acceleration).

v =V +2a,Ax
Solving this for a, yields:

Plugging this a. into equation 1 yields;

Equation 2 W, = -2-mv# ——mv

The W term on the left is our old friend “Work” and the term % mv? term on the right is our new friend, the “kinetic
energy” {KE) of mass m, or the energy associated with its velocity. Equation 2 can thus be restated as:

Equation 3 W = KEs— KEi = AKE Kinetic Energy = %mv?




Equation 3 tells us that when work is done on a mass, the amount of work equals the change in kinetic energy of the
mass. This is called the “Work ~ Kinetic Energy Theorem”. Though we derived it for horizontal motion, it applies for any
motion

Work - Kinetic Energy Theorem Wr = AKE = KE; = KE;

Example 1.

A 1 kg mass, initially at rest, is pulled to the right with & horizontal force of 3 N for 7 m over a level frictionless surface.
How fast is the mass going at the end of those 7 m?

initial Fu final
pasition T position

! Fp=3N ‘
m +—> m
.
x=0m ' Ax Xi=7m
vi=0m/sv¥ Fg vi=?

Solution 1: From the Work — Kinetic Energy Theorem: Wy = AKE = KE:— KE,

1 , 1 ,
m=5mf—5m,
1 >, 1 5
FBAx=5mvlf-5nwﬂ

Since Fy and F; do not have any components in the horizontal direction and Fp is completely horizontal, Frx=Fp =3 N.
Now, put in all the numbers and solve for V.

(3 NX7 m) = % (2 Kg){ver)? + % (1 Kg)(0 m/s)?
21=Yi (v’ + 0

v =B

That's how to use the Work-Kinetic Energy Theorem to relate work to kinetic energy, and thus force to velocity.
Solution 2: You could also solve this from Newton's Laws and the kinematics equations:

Fx = May

3N =1Kg (a,)

ax = 3 m/s?

2 _ .2
v, =vy +2a Ax

V2 =0+ 2(38%)(7m)

Vi = 6.48 m/s
In general, the work — energy approach requires fewer steps to reach a solution than Newton’s Law / kinematics.

Here’s a more complicated example on the force side. But once you get the total force, the work energy part is the same,



Example 2.

A 11 kg sled, initially travelling at 0.2 m/s to the left, is pulled by a 15 N force to the left at an angle of 30° above
horizontal for a straight line distance of 12 m. The coefficient of friction between the sled and the ice is 0.08. How fast is
the mass going at the end of those 12 m?

initial
position

final
position

x=0m
vi=0.2m/s

Solution: From the Work = Kinetic Energy Theorem: Wr = AKE = KE; — KE;

1, 1 ,
Wy = mvy == mv,
1 5, 1 ,
F;'xAx= 2 m;f _Emvxr
So, to get Fy, first do the trig and redraw FBD:
FPY FN
Fex = 15c05(30°)=12.99 N T T
Fey = 15sin{30°) = 7.5 N Fex T Fi

ng =110N
Then, from the redrawn FBD:
Fv=0

Frt = Fs+ Fpy —» neede—bFf=uFN -_— needFN _’FW=FN+FPV+F5

Frx = 8.2-12.99 F;=(0.08)(102.5 N) ._\ Fy+7.5-110 =0
Frx = -4.79 N, \ Ff=8.2N

Fn =102.5N
or4.79 N left

That's Frx. (-4.79 N}
Ax=(xs=x)=(-12m-0m}=-12m
Plugging these into the Work — Kinetic Energy theorem vyields:
1 2 1 2
FﬁAx=§vaf —Emvx,. 0

(4.79 N)(-12 m) = % (11 kg) (v} - %6 (13KgTTO /s

57.48 = 5.5 (v.4)?

Choose negative since object is moving left



Example 3

A farmer pulls a 200 Kg pallet of fertilizer across the level barn floor at a constant velocity with his tractor for 12 m. The
pallet is attached to the tractor with a chain that is horizontal. The coefficient of friction between the pallet and the floor
is0.24.

a) How much work does the chain do on the pallet?
b) How much work does the floor do on the pallet (through friction)?
¢) What is the total work done on the paflet?

Solution a) First, find the pulling force in the chain from Newton’s 2™ Law and friction technigues.

The FBD looks like this: Fn
Tinitial . final
F 4——— m = 200 Kg4—oup 7 m = 200 Kg
_ ' Ax
x= 0m Pxf: 12 m
vi=?m/s
vi= v mfs

Fg

Since the pallet is moving at a constant velocity in the x direction, from the 1% Law: Frx =0 and Fry = 0, making

Fr =0 Frv=0
Frx =Fi+Fo. —» need Ff —» Fr=pfy —> needFn — P> Fy=Fu+Fy

0=-480+F; Fr=(0.24)(2000) \ Fy—2000 =0.
Fp = 480N, — Fr=480 N Fy =2000N

Recall, work done by a force is the component of the force in the direction displacement times that displacement. Since
the chain force Fp is horizontal and the displacement is also horizontal, the entire Fs is on the direction of displacement.
So work done on the pallet by the chain is:

WFp = Fp «Ax

W= I4so N)(12 m)

b) How much work does the floor do on the pallet (through friction)?
Wer = Frlx

W= |-4so N}{12 m)

The total work is the sum of the work done by each individual force, meaning:

¢) What is the total work done on the pallet?

Wt = Wiy + Wrgt Wep + Wer

Since weight (Fg) and normal force (Fy) do not have a component in the direction of displacement, their contribution to
work in the horizontal direction is zero. So:

Wr=0+0+480)-480}
Wr=0



You can reach the same conclusion directly from the Work — Kinetic Energy theorem without having to solve for all the
individual forces as follows:
From the Work — Kinetic Energy Theorem: W+ = KEs—KE; = AKE
1, 1 5
W, = > mv, - 3 mv,,
Since the pallet is moving at constant velocity, v« = v Let’s just call it v since it never changes.
Then the work energy theorem gives us:

PV]" 21 fy’_lmvzi

2 2
Wy =} == ]

2 2

W, =0

Summary:

Total work done on an object equals the change in kinetic energy of the object. If no total work is done on an object,
there is no change in kinetic energy, meaning no change in speed. The converse holds true as well: If there is no change
in kinetic energy of an object (meaning no change of speed), there is no total work done on the object.

Like Work, Kinetic energy is a scalar, not a vector.

If the total work on an object is positive, the object experiences an increase in kinetic energy. Since kinetic energy
is % mv?, an increase in kinetic energy means the object speeds up.

If the total work on an object is negative, the object experiences an decrease in kinetic energy. A decrease in kinetic
energy means the object slows down.

General problem solving guidelines with work energy:

1. Determine problem type. If you have forces, displacements (distances), velocities, and work or energies (ie
something in Joules), the problem is a good candidate for a work energy strategy.
2. Draw a FBD
4. Use the Work — Kinetic Energy Theorem to set the total work done equal to the change in kinetic energy:
W'r = KEf— KE| = AKE
This relates total force in direction of motion and displacement to mass and velocity
5. Solve for the appropriate variable.

1. 324)

2.a. 140,000) b. 560,000) 420k] 420kl

3. 1.73m/s

4. a. No. It takes 28.57 m to stop b. Yup. i would have taken you 114.28 m to stop c.4 e 63m
5.a. 288N b. 460.8) d. 0.98 m/s

6. 1.54m/s

7. -11.83 m/s

8. 31.62 m/s down



Energy Pack 2 Questions
Practice Questions (answers on page 5)

Use the Work Kinetic Energy Theorem and NOT kinematics equations everywhere in this packet

1. What is the kinetic energy of a 0.2 kg baseball travelling at a velocity of 18 m/s?

2. What is the kinetic energy of a 700 kg car traveling in a straight line at:

a. 20 m/s (which is about 45 mph)

b. 40 m/s (which is about 90 mph)

C. What is the (arithmetic) difference in kinetic energy between a) and b)?



d. How much work must be done on the car in part a) to change its energy

to that of part b)?

3. A4 kg block, initially at rest, is pulled along a frictionless surface to the right in a
straight line for 3 m with horizontal force to the right of 2 N. How fast is the

block going at the end of the 3 m?



4. You are driving along a level road in a straight line in your 800 kg car at a speed
of 20 m/s. The coefficient of friction between your tires and the pavement is 0.7.
A tree falls on the road 40 m directly in front of you, forcing you to stomp on
your brakes.

d. Do you hit the tree?

b. Same scenario, only you are going 40 m/s when you hit your brakes. Do

you hit the tree?

C. From part a to part b, your speed increased by a factor of 2. By what

factor did your stopping distance increase?



d. What’s the relationship between the stopping distance and the speed at

which you apply the brakes?

€. If your car had a mass and coefficient of friction that led to a stopping
distance of 7 m when braking from 10 m/s, what would be the stopping

distance when braking from 30 m/s?

>. You are pushing an 80 kg entertainment center across a rug. The coefficient of
friction between the entertainment center and the rug is 0.36 (assume static and
kinetic coefficients of friction are the same)

a. How hard must you push the entertainment center to get it moving?



b. |f you push at the minimum force required to keep the entertainment
center moving at constant velocity for 1.6 m. how much work do you do

on the entertainment center?

C. What is the total work done on the entertainment center?

d. same scenario, only the coefficient of static friction is 0.36 and the
coefficient of kinetic friction is 0.33. If you push with the force of part a)
to get the entertainment center moving, how fast is it going at the end

of 1.6 m?



6. Strange things are afoot at the Circle K. Bill and Ted pull a 50 Kg phone booth,
initially at rest, across the level parking lot in a straight line for 4 m with a cable
angled at 40° above horizontal. They pull on the cable with a force of 300 N.
The coefficient of friction between the phone booth and the parking lot is 0.70.

How fast is the phone booth going at the end of the 4 m?

7. How fast is a 0.43 kg ball going just before it hits the ground if it is dropped from

a height of 7 m?



8. You drop a ball from a height of 50 m. How fast is it going just before it hits the
ground? (As everywhere in this packet, no kinematics!)

9. A 4 kg block slides down along a frictionless ramp which is angled 20° above horizontal. if the block starts from rest, how fast is It going after sliding 5 m?

10. A & kg black is pulled &, m up the surface of a ramp which is anghed 30° above horizontak by 2 35 N force which acts paratielto the surface of the ramp. The coefficlent of friction between the block and the ramp Is 0.1. If the biock ks traveling at 5.2 mys at the
end of the 4.7 m pull, how fast was it going at the begnning?

11 Youfalled to recollect that the coefficlent of friction goes down when the pavement Is wet and took a corner too fast, The lower force of friction was unable to provide the centripetal force you demanded at that speed, which resulted 2 your 1,000 kg car
slidirg off the read into a ditch. Canfused a5 to haw to extricate your carfrom the ditch, you call your Dad, who calls a tow truck, The tow truck pulls your ear aut of the diteh, 5 m up the surface of a bill which 15 angled 20° above borizontal with a chain which

is paraliel 20 the surface of the hill, The chain exerts a constant force on the car. The cosffickent of frictian between the car and the hifl is 0.9, If the car starts from rest and is traveling 2t 3.2 m/s at tha and of the 5 m pull, with what force did the chaie pull on
the ear?

12. Youdrop a ball from a height of 50 m. How fast is it going just before it hits
the ground? (As everywhere in this packet, no kinematics!)



13, A block slides 7 m down the surface of a frictionless ramp which is angled 20° above horizontal. If the block starts
from rest, how fast is it going after the 7 m?



