Doing Work!

How do we track the transfer energy into or out of a system?

A: The Energetic Cart

We will be using a cart in this investigation, and we will assume the force of o W
friction between the cart and table is zero. FD F
N
I. Describe and Represent. We want some energy to flow from your hand f-
to the cart. Describe how you can do this. Draw a motion diagram, a force ‘g
diagram, ghd an energy flow diagram during this process (while it gains
Kinetic enfergy). System = cart 0 ¢ e v >
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2. Describe and Represent. The cart is initially moving quickly and we FD - L\WL/
want energy to flow from the cart to your hand. Describe how you can do F
this. Draw an MD, FD, and an engrgyﬂerw’dﬁé?am during this process. = N
System = cart -~ L Fo‘
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3. Demonstrate. Use the cart and show these two situations to your teacher.
Move on to the next questions while you wait.

Mechanical Work. Energy can be transferred into or out of a system by an external force. We say that the external force
does work on the system. If the system loses energ

gy, we say the force does negative work. If the system gains energy, we say
the force does positive work. Energy is a scalar quantity; positive or negative work does not indicate a direction, it only
indicates a gain or loss of energy for the system

4. Explain. In which case above was the wwositive or negative. Explain.
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Reason. Think about the first situation above. What do you think would happen to the amount of energy that flows into
the system if your hand exerted the same force for twice the distance? Explain.
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6. Reason. Think about the second situation above. Suppose the cart was moving at the same speed, but now the force you

exerted was twice as large. What would happen to the stopping distance? Explain.
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The Definition of Work. The work done by a force on a system (1)

depends on three quantities: the size of the force (F). the
displacement of the system (Ad) and the angle between the fo

rce vector and the displacement vector (8). These are related by
the expression, W = F' | Ad cos0. The units of work may be expressed as N-m. b

energy

ut this is equivalent to the unit joules (J) for




B: Working the Angles
I.  Reason and Calculate. A cart with 2 mass of 0.
pushed horizontally by a hand with a

70 kg is initially at rest. Then it is

force of 10 N. Friction is negligible. -

(@) Vector arrows showing the direction of the force from the hand and the

displacement of the cart are drawn for you. Draw an energy flow diagram for —— .

the system of the cart. F

—_—

(b) What is the angle between the two vectors? (The angle represents the AX

difference in direction of the two vectors) O < b\
(c) After it moves a distance of 0.40 m, how much work (in joules) has been done by the force? M
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(d) Interpret the sign of the value for the work that you calculated. How much kinetic energy do you think the cart has

now? $7§4&M M a9y Cat oy laas bJ o kiedc fﬂfl/f]

Reason and Calculate. The same cart is rolling along a table and is released. It ecors
collides with a block that exerts a 12 N stopping force on the cart. It rolls 0.35 m ’E
while stopping. &
(a) Draw vector arrows for the block’s force and the displacement of the cart.

Draw an energy flow diagram for the system of the cart.

>
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(b)(\;/hat is the angle between the two vectors? What is the work done by the AY
b

lock’s force while bringing the cart to rest?

[50° W= FuleatO o ik
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(¢) Interpret the sign of the value for the work that you calculated. How much kinetic energy do you think the cart

originally had? EV‘W)‘j reva oed Lo gy,(“kw«.
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Reason and Calculate. Now you push on the cart for 0.50 m while the cart i s
pushes against the block. The block’s force is still 12 N and you push D F/\

(53]

horizontally with a force of 15 N. f A(Ob&
(a) Draw energy flow and force diagrams for the system of the cart. F F:, .

(b) Calculate the work done by each force acting on the system.
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(c) What is the total work done on the system? How much kinetic energy did the system gain during this process?

TN () = L9 gy gabed

Net Work — Kinetic Energy Theorem. The ne
positive, the particle gains kine

t work is the sum of all the work done on the particle. If the net work is

tic energy. If the net work is negative, the particle /oses kinetic energy. This idea is called the
net work - kinetic energy theorem and is represented by the expeession; o, =F. £, = IE£; . Note that this is the same as
finding the work done on the particle by the net force vector| W, = |F Ad| cos 6.
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Homework: Doing Work! Name:

You are pulling a wagon. It is a bit tiring, but everything is going well until you try to pull it through a patch of mud. The
wagon slows and stops. We will focus on the interval while the wagon is slowing in the mud. We will model the effect of the

mud on the wagon like a friction force. A
1. Represent. Draw an energy flow diagram and a force diagram FD = M me
for the system of the wagon. f FA
. o
2. Describe. Which forces cause energy to flow in or out of the : .FL
system?
/:/\ (/H N ’W*&r?\’ 0 Mﬂ‘ <
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3. Reason. Use the new expression for work (W = z
Force Sign of work? | Flow of energy?
|F!!Adlcose) to help complete the chart for each force 0 (+f’_ or 0) B oian noi)c;)
acting on the car. 2 :
"l |+ i
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4. Reasqn. Overall, is the system gaining or losing energy? Fy lf{O — 2 bd.
Explain how you know. 7 P 0
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5. Reason. Do forces acting perpendicular to the displacement of an object transfer energy in or out of a system? Explain.
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Reason. Did the sign f?fThe work depid on our choice of our positive/negative direction choice? Explain.
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7. Calculate. The size of your pulling force was 59 N. The friction force from the mud was 75 N. The wagon initially had
8.3 J of kinetic energy. How far did it travel through the mud before stopping?
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8. Now you pu]l the wagon really hard and it starts to speed up.
(a) Reason. Is this situation accurately deseribed by the FD and energy flow diagram above? Explain what changes you
would need to make.
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(b) Reason. Is the wagon gaining or losing l\m ic cn:rm" Use the kinetic energy-net work theorem to determine the

sign of the net work. (;)Gulr\ L? {D 6 5./\ D(‘ M w Q/‘[L WO\'\AA LQ +
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(c) Reason. How does the amount of energy transferred by each force compare in this situation?
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Homework: Measuring Energy Name:

A: Comparing Gravitational Energies Using E, = mgy
1. Reason. Six objects and their vertical positions relative to a zero-point are shown. Rank the gravitational energies of
each object. Explain your ranking.

A A A A 1\ A

y= y= y= P
10 m Sm Sm 0T
j= y=
0T 5m Sm 3

0L 0L 0L
A B C D E F
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-100 J = 104

B: Comparing Kinetic Energies Using E; = Vamn?
1. Reason. The velocity and mass of

five objects is shown to the right. T 7 T , T T ) T
Suppose v=1 m/s and m = | kg. ¥ ¥ ¥ ¥ ¥

Rank the amount of kinetic energy
each object has. Explain your B C D E

aning b L (0 LT W0 LeT L)
L -2) vy o ld 7t

Y1 \
2. Reason. The velocity and mass of
five objects is shown to the right. }T . l 2 T l T
Suppose v =1 m/s and m = | kg. } : Y F ¥

Up is positive and down is
negative. Rank the amount of A B C D

E
kinetic energy each object has. - \ i 2
r L(‘YL) {(1I') %(1)(/)

Q Explain your ranking. iLU (l )

o(,OQSméAQ/b»&( | ;ll\) 1) -2 2N 21 J
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C: Calculating Energies

1. Reason. A friend shows you the results of his calculations. (a) Explain what errors he made and (b) correct his work.

-
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L=
—
—

m=250¢g Eer = mgy1= (250 )98 N/kg)(3.4 m) = 8330 = (o- 25)(‘\ 83(3“1)

vi = 5.0 km/h
yi =34 (,omVQ/“‘ \‘0 léﬁ - blg J
g p “ 3 : V.02

Exi = Yamvi? = (0.5)(250 2)(5.0 km/h)> = 3125 J 2y, (0:9) ¢ | f) =0
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2. Reason. Two identical test cars are driving down a test track and hit their brakes at the same position. One car is
travelling at twice the speed as the other. (a) Compare the kinetic energies of the two cars. (b) Use the idea of work to
explain how much farther the faster car travels while braking.
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Homework: Measuring Energy Name:

A: Comparing Gravitational Energies Using E, = mgy
1. Reason. Six objects and their vertical positions relative to a zero-point are shown. Rank the gravitational energies of
each object. Explain your ranking.

4 A A A 4 A

y= y= y= Y=
10 m 5m Sm 0T
v\- — y B
0T Sm Sm 0+
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B: Comparing Kinetic Energies Using E; = Yamy?
1. Reason. The velocity and mass of

five objects is shown to the right.
_ L v 2v v \3 2v
Suppose v=1m/s and m = | kg.
B C D E

Rank the amount of kinetic energy
each object has. Explain your

ranking. K: li( YI\) ,\10)(7,)1 li((_{)(])l l}_/(},)(,)l Ll(LKL
1) =2 1m0 st

2. Reason. The velocity and mass of
five objects is shown to the right. T . l v T l T
Suppose v =1 m/s and m = | kg. L ¥ ¥ ¥ Li

Up is positive and down is
negative. Rank the amount of A B C D E
kinetic energy each object has
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C: Calculating Energies
1. Reason. A friend shows you the results of his calculations. (a) Explain what errors he made and (b) correct his work.

m=250g Eer = mgni = (230 2)(9.8 N/kg)(3.4 m) = 8330 J EJ - (o .25)( i ,8\(3-‘{)

vi = 5.0 km/h

la,iih“‘ onved o kg - $.23J
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2. Reason. Two identical test cars are driving down a test track and hit their brakes at the same position. One car is
travelling at twice the speed as the other. (a) Compare the kinetic energies of the two cars. (b) Use the idea of work to
explain how much farther the faster car travels while braking.
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