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WHAT DO YOU THINK? o ‘
e How do figure skaters keep moving across the ice at high speeds for long time while seldom
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e When a cannon ball is fired, the blast starts the carmonbal_l moving, is there a force necessary to

keep it sailing through the air? ,
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1. You (or your teacher if done as a Lefpe  (f hov (10
: ; : | ' J Track #1
demonstration) will set up a track as shown. : start here

You will place a cart at the starting point on

the track, release the car let it roll down the

hill and up the other side, stopping it when

it reaches it’s highest position. You will measure the vertical height that it starts at and the vertical
height at which it ends. Track one (this track) has equal slopes on each side. Place the cart at the
starting point, measure the height and record that number as the “Start Height” in the table below.
Release the cart. Stop the cart at its highest point on the upward slope and measure the height. Record
that height as the “End Height” in the table below. Now calculate the ration of “Ending Height” to
“Starting Height” by dividing the “Ending Height” by the “Starting Height” . Record that number in the

table below. f Ve | L < g
Ending Height
Start Height End Height Starting Height
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Track #1 // o (d % Y cw
start here Track #2

2. Track #2 is slightly different from
track #1. Track #2’s left side is exactly
the same and the cart will start from the
same height, but the right side of track
#2 is not as steep, notice there are only two blocks, as opposed to three). Before you release the cart on
track #2 make a prediction of how high up (vertical height) the cart will get to on the right side of the
track, the “End Height”. (The “Start Height” will be exactly the same- enter that number on the table




below.) Enter your prediction for the “End Height” on the chart below. Calculate the ratio of “End
- Height” to “Start Height”.

Is your number similar or different to the ration you calculated in the previous table?

Now let’s do it. Measure as you did earlier. Record your data in the appropriate places in the table -
below. : ; :

Ending Height
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3. a) How well did you guess the position? Why do you think your guess was “on” or “off”?
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change from track 1 to track 2? Why do you think this is so?
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4. Imagine what would — start here” “ |/ e ) 0 (20,1 A cia

happen if you again rolled a
car down a ramp. The left

side stays the same, just like
in track #2, but the right side is horizontal, as seen in the picture.

a) If the horizontal track went on forever, how far would the car roll?
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b) When rolling on the horizontal track, what keeps the car rolling?
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5. Read “For You To Read” and “Physics Talk” on pages 58 md38 MY ACs g q,-
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9. Your teacher will do several examples that demonstrate inertia. For each example fill in the table

below.
Name of Example Is the object at How does this demonstrate inertia?
rest or in motion?
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_0 Come up with an example that demonstrates inertia. Describe that example here.
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FORCE AND ACCELERATION Name Viichgel Pl

A force is a push or a pull. To calculate force, we use the following formula,

F = mad where F = force in newtons
m = mass in kg
a = acceleration in m/sec?

Exqmple With what force will a rubber ball 4 P
be 1,/ « F» the ground if it has a mass of 0.25 kg’? / [ \\
Answer: F = (0.25kg) (9.8 m/s?) (et T L
F=245N ’ 18 | A
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Solve the following problems. (7 o | 1y “Wah|

1. With what force will a car hif a tree if the car has a mass of 3,000 kg and it is
accelerating at a rate of 2 m/s??
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2. A 10 kg bowling ball would require what force to accelerate it down an alleyway at .
a rcn‘e of 3 m/s??
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3. What is the mass of a falling rock if it_[li’»rs/me,g_r,o_u‘ry with a force of 147 newtons?
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h- floen ~ 1
Answer: N KD
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4. What is the acceleration of a softball if it has a mass of 0.50 kg and hits the catcher’s
glove with a force of 25 newtons?
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5. What is the mass of a truck if it is accelerating at a rate of 5 m/szond hits a parked

car with a force of 14,000 newfons’> M hen
(Y00l €.l M= Fo 1
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Answer: = O [J)/) I
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FORCE DIAGRAMS

™" Find the resultant force in each of the following diagrams and draw the resultant vector.

Use a ruler and a protractor where necessary. Scale; J<em~=_10 N;where N represents
((,F)\

newtons of force.
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WHAT DO YOU THINK? 3 ’Z%J’

e What is a force?

IPS Unit 2.2 Newton’s Second Law Name: _I ;€] ipgrf@’

1

e Can the same force move a bowling ball and a ping pong ball?
i 1 |

=if

FOR YOU TO DO

1. Place the liquid accelerometer on top of a cart. Tie a string to the cart so

that you can pull the cart horizontally across your desk or the floor with a
scale as shown below.

Hold Scale Horizontal

/7277222277777

Make sure that the scale and string are always horizontal and practice
pulling a few times trying to keep the force as indicated on the scale
constant (say 1 N). That is the scale should read 1 N the whole time that
you are pulling on the cart!!

a) Pull the cart with a constant force of one newton (1 N). What happens to

the _liguid accelerometer?
et . ', 3 \l— ' ! » 4 (1 [4‘ "t "4"" A “'J

/- TN Wigep _ ol
Color in the position of the liquid on the drawing shown above.’

. o
I'

What does this tell you about the motion of the cart? How do you know?

o
j; 1 § 5 I f o , % 3
i o/ € C A 4

- .’ “"i
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So by now you may be a little frustrated. Why do you think it is SO
hard to pull on the scale so that it reads 1 N'all the time?

7 ¥ s " N J : J ay e
o / - | f t 1lp VY il f \ a\
3 v ¥ { H b v \ "

1

2. So let's try again. We can use
gravity to help us out. Get a pulley
and clamp and set up a system like
the one shown at the right.

a) By placing masses at "B" we can
let gravity acting on the mass pull
the cart system to the right. A
mass of 100 grams will, apply a force of about 1 N to the cart system.
Note: the hanger's mass is 50 grams so you have to add a 50-gram mass
to the hanger to make a total mass of 100 grams. Pull the cart back until
"B" is just below the pulley. Release the cart

and look at the liquid accelerometer while
"B" is falling to the floor. Sketch the shape \,_\. ----------------

of the water in the liquid accelerometer to NG
the right. What does the liquid tell you =
about the motion of the cart while it is being pulled to the right?

b) Repeat the process by pulling the cart with a
constant force of 2 N by placing a total mass
ofig20Foramsia e BEEISketchftheRshape o R CHRa | PSS e e s
water in the liquid accelerometer to the \\
right. How is it different from what you , A\
observed in "a" when the force was 1 N? What does the liquid tell you
about the motlon of the cart while it is being pulled to the right in this
case?

2 IPS Unit2 2/18/05



c) Repeat the whole process by pulling the .
cart with a constant force of 3 N, Which
‘ means the total )as of "B", will be
; . approximately__ 300 grams. Sketch the
shape of the water in the liquid :
accelerometer to the right. How is it different from What you observed
in "b" when the force was 2 N?

Wt

3. Based on your observations, complete the statement: "The greater rhe
constant, unbalanced force pulling on the cart, the...... 5

NN
4 /,
.

In other words how does the size of the constant, unbalance force affect the

motion of an object?
y:

L | i ' y ) |
r o o 4 7 / i A
\J AL (] L iElveE LY AL/, ¥

|1 o A({e-Pacd T i “of Ttacen : D

o~ 4 Repeat step 2b using the same amount of constant force, 2 N, to pull the
cart of greater and greater mass.

{

a) This, is the same one you did in 2b. You
should redo it so that the level of the liquid
is fresh in your mind. Start off with the cart :
by itself and a constant force of 2 N (mass N
of B is 200 grams). Sketch the shape of the
water in the liquid accelerometer to the right. What does the liquid tell
you about the motion of the cart while it is being pulled to the right?

b) Add a 500-gram mass to your cart and leave
"B" alone so that the force is still 2 N.
Sketch the shape of the water in the liquid A RN S s e
accelerometer. How is it different that what \
you observed in 4a? What does the liquid
tell you about the motion of the cart?

3 IPS Unit2 2/18/05



c) Repeat the process by adding another 500-
gram mass and leaving "B" alone. Record s
your results in the same manner as you did .
in 4b. What is different from 4b? NG

5. Based on your observations, complete the statement: "If the force acting on
the cart is kept constant, when mass is added to the cart, the cart ........

A

In other words if the same force is used to pull the cart, how does increasing
the mass of the cart affect the cart's motion?

1

6. Let’s review: If the pulling force on an object is increased, the acceleration
of the object:

increases’ decreases

7. If the pulling force on an object stays the same, but the mass of the object
increases, the acceleration of the object:

increases decreases
8. Read “PhysicsTalk” and “For You To Read” on pages 64 & 65 of your text.

REFLECTING ON THE ACTIVITY

PHYSICS TO GO (p. 66-67, #1-7, 10)
4 IPS Unit2 2/18/05
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. IPS - Sports: Unit 2 - Unit 1.1 & 1.2 Problems

Analyzing the Forces on an object

What are the 'two{Possible motions of an object that obeys Newton's First
(

Law? \«’\/ (i'( he l/’; _, (¢ l con, An O Qect ca” “,{.f‘s”" (
9 /[{”ff?lf‘ ‘ ostay molwon Teclyll
f‘i) A fL:;"':! f\,
What do we know about the forces acting on an Ob]BCt that obeys
Newton's First Law? W‘&k ace N - Al o' de o ,

In questions #1-4 you are standing, facing forward on a bus How do you
have to brace yourself if the bus is...

1. at rest?

N b - gy e
(Ov won na o ¢ asrS€ i lOVS . at (&7
2. moving forward at a constant speed?
/I ) /! (0 [/ I )L Charal o~ 1o 0¥+ farce
3. moving forward and speeding up?
\(0(/ neet Yo hy [d on of /T VacU «qCS

4. moving forward and braking? (

I P , . :
In questions #5-8 you are standing, facing forward on a bus. You are
holding a pen immediately to the right of your right shoulder. You drop
the pen. Where will the object land if the bus is...

b at rest'?

w% T

ot 1€

6. moving forward

17 f1

7. moving forward

6 g ffl ‘/fﬁ (‘r

8. moving forward

Oﬂwm'

What is the unbalanced force on each of the blocks shown below‘?

8.

at a constant speed?
¥

and speeding up?

\p/(?(/ | : (}’:.’\ ., ~T .j,‘,‘- g _' { i‘-\\l"\. 7
and braking? | : !

i on Nw M -'>
o1 A2 () : Y Cal;

10.

o
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Sports: Chapter 2 -

Analyzing the Forces on an Object
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11,
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13.
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13,
fEO N
6 N 6 N
-— ov ™

¥on

14N

ot §

17. A book weighing 16 newtons sits
on a table. On the drawing to the
right draw and label the forces
acting on the book.

" Nens - bean

\ (¢agran
f s At 5 I
04 L+ ‘,__,_”L_—_—v--‘
{’n’ Lt T )
. el ) /
§ \' \ J
| .

18. The same book shown in #17
above has a person pushing down
on it with a force of 25 newtons.
On the drawing to the right draw
and label the forces -acting on the
book.
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Sports: Chapter 2 - Analyzing the Forces on an Object
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'Newton's Second Law of Motion

19. A large crate is being pushed to
the right by a force of 200
newtons. The box weighs 950
newtons and moves at a constant
speed.

o Vv U
If there is ant@alanced force acting on an object, what happens to the

object? | |
j ‘) "M@Pﬂ ,--3‘&"«(_"3

In what direction, will the object accelerate?
2 modes "] e orce
1. A student pushes on a 50 kilogram wagon so that is accelerates at 2.0
m/s2. What force did the student apply to the wagon?

»F-: Ma . . 2
‘f: . 56 I\C-’ (? ] j ; (/ J _) \; )
\/ "

-~
—
N -

2. A woman pushes on an 40 kilogram object with an unbalanced force
of 20 newtons. What will be the acceleration of the object?

) A
Vil U0 kg(a
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3. A man pushes—on a crate in the
direction shown. Friction acts on
the crate to the right as shown. If
the crate is already moving to the
left, will it speed up, slow down, Box is moving this way
or stay at the same speed if the -
man pushes with a force of...

a) 60 N?S}ay Yy Gy

b) 50 N?

Slow Uewh

~

Frictiion

c) 75 N7,
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4. The box at the right has a mass of
1.0 kilogram. What will be its
acceleration? 4 —- “
Sy e e ey O ' =P ' 6
g A ST T R 5 N — 3N
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5. A man pushes on a crate with a force of 100 newtons East against a :
force of friction of 60 newtons. The crate has a mass of 100 |
£ J ey “f{f/’ ‘_/>% “_\) /.,%ﬂ)?

kilograms. What will be the acceleration of the crate?
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By showmg an the forces acting on the block, draw an arrow to show the
direction of the force, identify the force, and indicate the magnitude of the

Draw a picture of just Block A and show all

force.
The f of gravity on block A is 5.0
6 ekl il the forces acting on the block

" newtons. -
1, Son/

Draw a picture of just Block A and show all
the forces acting on the block

7 . The weight of block A is 5.0 newtons and
the applied force (Fn) is 1.5 newtons.

Block A is at rest.

Sports: Chapter 2 - Analyzing the Forces on an Object page 4 10/11/04
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8. THe weight of block A is 8.0 newtons and
the applied force (F,) is 1.4 newtons.

Block A is moving to the left with a
constant-velocity.

'

L .9

Draw a picture of just Block A and show all
the forces acting on the block.

9. The weight of block A is 10.0 newtons
and the applied force (Fp) is 2.0
newtons. Block A is speeding up as it
moves to the left. -

r N \’»‘\.
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v

J

Draw a picture of just Block A and show all
the forces acting on the block.

J.lﬂ o
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10. The weight of block A is 10.0 newtons
and the applied force (Fj,) is 2.0

newtons. Block A is slowing down as it
moves to the left.

Draw a picture of just Block A and show all
the forces acting on the block.

Sports: Chapter 2 -

Analyzing the Forces on an Object

page 5 10/11/04



11. The weight of block A is 15.0 newtons
and the system is static.

P 5 8P B 18 B 2 AL W A
R A S W N A

Draw a picture of just Block A and show all
the forces acting on the block.

12. The weight of block A is 5.0 newtons, the
weight of block B is 3.0 newtons, and the
system is static. ook

Draw a picture of just Block A and show all

Draw a picture of just Block B and show all
the forces acting on the block.

Snorts: Chapter 2 -

Analyzing the Forces on an Object

page ¢ 10/11/04
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Mass in 100 grams

OOV~ WN-—-O
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Ruler Hight off Ground  Additional Deflection

10.2
10.1
10.05
9.85
9.8
9.75
9.65
9.6
9.55
9.5
9.45
9.4

9

0
0.1
0.05
0.2
0.05
0.05
0.1
0.05
0.05
0.05
0.05
0.05

0.4

Total Deflection

0.1
0.15
0.35

0.4
0.45
0.55

0.6
0.65

0.7
0.75

0.8

1.2

1.4

Ruler Deflection

Deflection in CM

10 11 112 13 14

Mass in 100 Grams

Prepared by: Michael Plasmeier
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SPORTS

REFLECTING ONTHE ACTIVITY
AND THE CHALLENGE

According to Newton’s Third Law, each time an athlete acts to
exert a force on something, an equal and opposite force happens
in return. Countless examples of this exist as possibilities to
include in your video production. When you kick a soccer ball
the soccer ball exerts a force on your foot. When you push
backwards on the ground, the ground pushes forward on you
(and you move). When a boxer’s fist exerts a force on another
boxer’s body, the body exerts an equal force on the fist. Indeed,
it should be rather easy to find a video sequence of a sport
which illustrates all three of Newton’s Laws of Motion.

PHYSICSTO GO

1. When preparing to throw a shot put ball, does the ball exert
a force on the athlete’s hand equal and opposite to the force
which the hand exerts on the ball?

2. When you sit on a chair, the seat of the chair pushes up on
your body with a force equal and opposite to your weight.
How does the chair know exactly how hard to push up on
you—are chairs intelligent?

3. For a hit in baseball, compare the force exerted by the bat on
the ball to the force exerted by the ball on the bat. Why do
bats sometimes break?

4. Compare the amount of force experienced by each football
player when a big linebacker tackles a small running back.

5. Identify the forces active when a hockey player “hits the
boards” at the side of the rink at high speed.

6. Newton’s Second Law, F' = ma, suggests that when catching a
baseball in your hand, a great amount of force is required to
stop a high speed baseball in a very short time interval. The
great amount of force is needed to provide the great amount
of deceleration required. Use Newton’s Third Law to explakn
why baseball players prefer to wear gloves for catching high
speed baseballs. Use a pair of forces in your explanation.

T ———
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| ' | ) Nichgel Plogne

| Tove
Newton's

/’“ Third Law!

? Newton s Laws

For the following 3 images, decide which of Newton's Laws each of them represents. Write the number
of the law & write out the law. Explain why you feel the image meets the description of that law.
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1. While driving down the road, Anna
Litical observed a bug stiking the
windshield of her car. Quite obviously,
a case of Newton's third law of motion.
The bug hit the windshield and the
windshield hit the bug. VWhich of the
two forces is greater: the force on the
bug or the force Un the windshield?
Explan....
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2. Explain the following scenarios using Newton's 1st Law of motion...
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QUIZ - NEWTON’S LAWS

Fill in the blank with a word or words from the following list: (Each word or phrase is
used only once).

— ACCELERATED _CONSTANT REACTION—
ERATION FORCE STRAIGHT LINE
ATREST INERTIA “UNBALANCED
CHANGE ~INTERACTION WEIGHT

Newton’s First Law

1. If an object is at rest and there is no unbalanced force acting on it, the object will

remain _(] 1 £{¢ . If an object is in motion and there is no unbalanced
force acting on it, the object will continue to move at _( ©/'= 74 speed in
a(n) {; _l./, ri L:: f [ { A1

2. Whenever a net external force acts on an object, the velocity of the object will

a \ : . : o on - :
L Md/t4° | thatis, the object will undergo /L /(¢ €7z 7¢¢  motion.

3; Th’e property of matter which causes it to resist acceleration is called

G

Newton’s Second Law

1[\ ‘

1. According to Newton’s second law of motiona(n) | o/ / can

be described as a push or a pull that will cause the object to speed up, slow down,

or change its direction of motion.

\2 The gravitational force acting on an object near the Earth’s surface is called the

Wweun of the object. When this force acts on an object, the

A

U (2 1Pra7 60 is always 10 m/s?

! T Y
3. In the equation Fygr = m a, Fygr stands for the (/1 3 AU RAN force.

S




Newton’ Third Law

1. According to Newton’s third law a force can only exist if there is a(n)

acatlla between two objects.

2. Newton’s third law also states that from every force there is a(n)

(Ealt @ force from another object.

Multiple Choice (2 pts each): Circle the one best answer. For any partial credit j'ou
must show your work.

1. An object with a mass of 6 kg is pulled with a net force of 1.5 N. What is the

acceleration of the object? ™ F .
a) 9m/s® () 0.25 m/s? .
b) 4 m/s’ ) 0m/s’ b=
2. What force is needed to give an object with a mass of 150 kg an acceleration of
10 m/s*?
s A= wn
- (2 1,500N ¢) 15N T
1| b) 150N d) 10N
3. What is the weight of this object of mass 150 kg? |,,p/3h-0 |, Lo a9 ]
" a) 1,500N ¢l 15N
b) 150N y d) 10N
= md
F< S

Force Diagrams (4 pts each): Draw a force i:'liagra\rr(i‘tfo the right for each of the situations given
below. Label each force drawn.

1. A 5N block sits motionless on a floor.

J ,Ir / 4
IIT £ l »‘\j .

A |

2. A cat that weighs 8 N is falling from the limb of a tree.

N\
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IPS- Unit 2.3 “Bang Up Job” hael Pasrer

Name:

" WHAT DO YOU THINK?

An unfortunate bug collides with the windshield of a car. Which has the greater force acting on it-
the bug or the car? How do you know?
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o Inthe same situation as above, what has the greater acceleration, the bug or the car? Why?" * " g

_j/l ,"_"u,[a A

FOR YOU TO DO

1. This activity is a challenge. Here is the challenge: To create a collision between two PASCO cars
on a track where the force on one car is different than the force on the other car. For each car, you
can modify the mass, speed and direction (or any other thing that you want to modify- within
reason). You can also choose whether the collision is sticky (the cars stick together after the
collision) or bouney-(they bounce off of each other when they collide). - .

The two cars will be equipped with force sensors that will tell us about the force that acts on that
car. We can then compare the force acting on each car and determine if the force on one car is
indeed greater. If you can get the force on one car to be greater than the force on the other car your
group will receive extra credit! Sounds easy, right?
With the members of your group decide on what could make the force on one car larger than the

other. Once you have discussed the features of each car circle the components of the cars.

{ 2

AU . ’ - . el W

h : Wnwabé, |
Car #1 Car #2
Light (no added mass) Light (no added mass)
Mass Medium (one added mass) Medium (one added mass)
Heavy (two added masses) Heavy (two added masses)
Slow Slow
Speed ( QLYW Medium Medium
Fast Fast
Towards the other car Towards the other car
Direction Away from the other car Away from the other car
Not Moving Not Moving
Other Modifications
( Collision: sticky ¢ fast bounce (rubber) slow bounce (spring)




4. Now let’s test the cars. Your teacher will do the collisions one group at a time on the main TV (or
on computer) so that everyone in the class can see. When your group is called be prepared to tell
your teacher how to configure the cars. Record the results of each group below.

‘\,\\.

Group # Was the force on one car greater?
1 Ii:" '
2 o oy
3 “ Lz// |V l_d )7)6”
4 iz (- [ |
5 Uiy N0
6 1/ A b “i“:' ) ‘*. 0~
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5. Were there any groups that were able to create a collision where the force on one car was greater
than the force on the other car?

6. Ina head on collision between a huge train and a tncyc]e which object gets hit with a bigger frprce‘?

%‘o vé*/ﬁﬂ vl om LA D60 o0 Lach —t?/p‘“’

7. Inthe previous question, which object has a greater acceleration? Why? (Hmt look back at Unit
2.2- Newton’s Second Law ) § N
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2.3 Bang up Results and Log

Run 1: Pushed car2 , Car 1 still
Run 2: Push car 1; car 2 still
Run 3: Pushed both cars - oNE CAR HAS 10 more force then the other
--New Day--
Run 4: Push both real Tightly - car 2: 20 N, Car 1:12N
RUN ﬁ: Car 2 has 1 kg mass, push medium - Car 1 had 11.5 force, car 2 had 39.0 force
1 1what!
Run 6: car 2 (with 1kg of mass on it ) crashes into Car 1 which is againts the wall,
so it can't move - )

car 2 has peaks at both %@ and 39; car 1 has one steady peak at 12 which
last for .6 seconds {q

Page 1
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2.3 Bang up Job Sensors.ds 01/30/2006 10:33 AM
Table 1

b Force, push positive ¥ Force, push positive # Force, push positive| B Force, push positive ¥ Force, push positive »  Force, push positive
Run#1 Run #2' Run#3 - \ Run#4 Run #5 = Run #6~

Time | Time | Time | /| Time | Time | Time
(s) | (N) (s) | (N) (s) | (N) (s) | (N) (s) | (N) (s) | (N)

2.0000E-3 0.0 | [T2.0000E-37 0.0 | [T2.0000E-3~ 0.0 | [ 2.0000E-3— 0.0 | | 2.0000E-3~ 0.0 | [“2.0000E-3

3.0000E-3" 0.0 || 3.0000E-3 0.0 | [3.0000E-3” 0.0 | | "3.0000E-3” 0.0 | [ "3.0000E-3 0.0 | [ "3.0000E-3" 0
“4.0000E-37 0.0 | [T4.0000E-3™ 0.0" || 4.0000E-3" 0.0" || 4.0000E-3 0.0 || 4.0000E-3~ 0.0 | [ 4.0000E-3

| 5.0000E-3” "0.0" | |"5.0000E-3" 0.0 | ["5.0000E-3~ 0.0~ || 5.0000E-3 0. oi T5.0000E-3 0.0 | 5.0000E-3 0.0
“6.0000E-3" 0.0 || 6.0000E-3" 0.0 | "6.0000E-3” 0.0 || 6.0000E- u:i | | 6.0000E-3" 0.0 | | "6.0000E- m;é
7.0000E-3 0.0 | [ 7.0000E-37 o o 7.0000E-37 0.0 | q.oooom., o.o 7.0000E-3° 0.0 || 7.0000E-37 0.0

cm.oooom-wlo.oxi “8.0000E-3 0.0 8.0000E-3 0.0 || 8. oooom.wl-o 0 || 8.0000E-3° 0.07 || 8.0000E-3° 0.07 |

T9.0000E-370.0 | | 79.0000E-370.0 T9.0000E-3 0.0 | "9.0000E-37 0.0 ] | 9.0000E-370.0 9.0000E-3 0.0
b I i ; ;

| 0.0100" 0.0 | [T0.01007 ] 0.0 0.010077770.07 ooaolw T0.00 | (700100 0.07 | [T0.01007 0.0
T0.011070.0 oo:olll 077 tao:oiii 00011077 0.0 ||0.01100 T 0.0 || 001107 0.0

70,0120 0.0 70.01207 " 0.07 | [T0.01207 0.0 ] oo._moiiéoo | oo._mcﬁ;.fTo 0 || 001200 0.0

j 0.0130 0.0 0.0130 0.0 |[ 00130 0.0 |[0.0130 ] Doi_ 70.01300 1 0.00 || 00130 00

i

0.01407 | 0.0 |[70.01407 T 0.00 || 0.01407  0.07 [ 0.01407 0.0 io.ozo?wiao.ol_. oozol:i.ocs:
70.0150 K 00

00 |J00150" T 007 |[ 00150 0.0 || 00150 0.0 || 0.0150 | oo 70,0150 | 0.0 |
0.0160 | 0.0 0.0160 | 0.0 || 0.0160 00 || 00160 00 || 00160 | 0.0 |[ 00160 | 00 |
70.01707 0.0 | [70.0170" 0.0 [T0.01707 0. 0 ]] 00170 0.0 | [70.01707 007 || 00170 | 0.0
0.0180 1 0.0 ] [70.0180 T 0.0 | [T0.0180" T 0.0™" 0.0180 1 0.0 || 00180 | 0.0 || 00180 | 00

- 0.0190" 0.0 | [70.0190 " 0.0" || 00190 | m 0.00 || 00190 0.0 || 00190 00 || 00180 | 00

0.0200 0.0 0.0200 0.0 70.02007 7 0.07 ||0.02007 0.0 || 002000 | 0.0 || 0020 00

0.0210 0.0 0.0210 0.0 ][0 %Siixo 01 [0.02107 0.0 || 0.0210 0.0 00210 0.0 ]
00220 0.0 || 0.022077 0.0 ||70.0220 wi 0.07]]70.0220" 700 |]|70.0220 | 0.0 |[00220 0.0

0.0230 0.0 || 0.0230 | 00 0.0230° | 0.0 || 0.0230 0.0 ]]70.0230° 0.0 || 0.0230 0.0
70.02407 0.0 || 0.0240 | 0.0 || 0.0240 m 0.0 || 002407017 || 00240 | 00 || 00240 | 00
70.0250 0.0 || 0.0250 1 0.0 7002500 0.0 || 0.0250° 1 0.0 || 0.0250 | 0.0 || 0.0250 0.0

0.0260 0.0 0.0260 0.07 | [0.0260 0.0 || 00260 00 || 00280 00 || 0.0260 0.0

0.0270 0.0 0.0270 0.0 70.02707 0.0 || 0.02707 7 0.0 || 0.0270 W 0.0 |[ 00270 0.0

0.0280 0.0 0.0280 0.0 002801 0.0 |[ 002807 0.0 || 00280 | 00 || 00280 0.0

T0.0290 0.0 0.02007 0.0 0.0290 | 0.0 |[0.02907 | 0.0 || 0.02007 | 0.07 || 0.0290

| i i i |

Minimum =11 Minimum -0.4 Minimum -{).4 Minimum = -0.2 Minimum -0.4 Minimum |

Maximum | 37.7 Maximum |  41.5 Maximum | 518 Maximum m 11.5 | Maximum |  11.5 = ~1"| Maximum |
Mean 0.1 0.1 == _

Mean : Mean 0.2 Mean Mean 00 Mean |
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2.3 Bang up Job Sensors.ds

Table 3

01/30/2006 10:34 AM

a(

Force, push positive: » Force, push positivez * Force, push positivel *  Force, push positive; ¥ Force, push positivez T Force, push positive:
Run# Run#2 Run #3 Run#4 Run #5 g Run#6 :I
Time Force.ﬁ Time Force,push| Time Force, push| Time Force,push| Time Force, push| Time Force, push

(s) | (N) (s) | (N)_ || (s) | (N) (s) | (N) (s) | (N) (s) | (N)
[T0.00007 ] 0.0— | [ 0.00000 0.0 0.00007 | 0.0" | [T0.00007 ] 0.0 |[T0.00007 | 0.0" |-2.0000E-37 0.0 |
[ 1.0000E-3™ 0.0 || 1.0000E-3 0.0" || 1.0000E-3 0.0" || 1.0000E-3" 0.0 || 1.0000E-3~ 0.0 | -1.0000E-3] 0.0 |
| 2.0000E-3" 0.0 || 20000E-3~ 0.0 || 20000E-3" 0.0 || 20000E-3 0.0 || 2.0000E-3~ 0.0° |[[0.0000" | 00 |
3.0000E-3™ 0.0 || 3.0000E-3 0.0 | [ 3.0000E-3 0.0 || 3.0000E-3 0.0~ || 3.0000E-3" 0.0 | [1.0000E-3] 0.0 |
[ 4.0000E-30.0" | | 4.0000E-3~ 0.0” || 4.0000E-3~ 0.0 || 4.0000E-3~ 0.0 | [ 4.0000E-3~ 0.0 | [2.0000E-3] 0.0 |
| 5.0000E-3° 0.0 || 5.0000E-3~ 0.0 || 5.0000E-3 0.0 || 5.0000E-3 0.0° || 5.0000E-3~ 0.0" |[3.0000E-3] 0.0 |
6.0000E-3° 0.0 || 6.0000E-3” 0.0" || 6.0000E-3~ 0.0 || 6.0000E-3  0.0° || 6.0000E-3  0.0" | [4.0000E-3] 0.0 |
| 7.0000E-3" 0.0 || 7.0000E-3~ 0.0° || 7.0000E-3 0.0 || 7.0000E-3~ 0.0 || 7.0000E-3" 0.0" ||5.0000E-3] 0.0 |
[ 8.0000E-3° 0.0 || 8.0000E-3~ 0.0 || 8.0000E-3~ 0.0 || 8.0000E-3 0.0 || 8.0000E-3~ 0.0 | [6.0000E-3] 0.0 |
| 9.0000E-3™ 0.0 || 9.0000E-3 0.0 || 9.0000E-3" 0.0 || 9.0000E-37 0.0 || 9.0000E-3~ 0.0 |[7.0000E-3] 0.0 |
70.01007 0.0 || 0.01007 1 0.07 | [0.01007 0.0 [70.01007 0.0 | [T0.01007 T T0.07 | |8.0000E-37 0.0 |
0.0110 0.0 || 001107 0.0 |[001107 00 |[001107 | 00 |[00110 | 0.0 |[9.0000E-3 0.0
001200 00 || 001207 00 || 00120 | 00 |[001200 00 |[ 0012 00 [[0.01000 | 00 |
7001307700 |[ 00130 [ 0.0 |[ 00130 | 00 |[ 00130 [ 00 |[0.0130° 00 [[o.01107 00 |
| 0.0140 | 0.0 || 00140 | 0.0 || 00140 | 0.0 |[00140 [ 0.0° || 00140 | 0.0 |[0.01207 0.0
700150 | 0.0 |[0.0150 | 0.0 || 00150 | 0.0 |[ 00150 [ 0.0 || 00150 | 0.0 [[0.0130 | 0.0 |
[ 0.0160° | 0.0 |[0.0160 | 0.0 || 00160 | 00 || 00160 | 00 || 00160 0.0 |[|0.01407 | 00 |
70.01707 0.0 | [0.01707 | 0.00 |[T0.01707 [ 0.00 |[ 001707 | 0.0 |[ 001707 | 0.0  |[0.0150° | 0.0
0.0180" | 0.0 |[0.0180 | 0.0 |[0.0180 | 0.0 || 0.0180 00" || 0.0180 | 0.00 ||0.0160 0.0 |
700180 [ 0.0 |[70.01907 | 0.0 |[0.01%0 | 0.0 |[ 00190 | 00 || 00190 | 00 |[[0.01700 | 00
70.02000 | 0.0 || 002000 | 00 | ‘0.0200__0.0:J 70.02007 | 0.0 |[0.02000 0.0 |[|0.0180 | 00 |
0.02107 7 0.0 |[ 00210 | 00 || 00210 | 00 |[00210° 00 |[002100 00 |[0.0190 0.0 |
002200 0.0 | (002207 00 |[70020 [ 00 || 00220 [ 00 |[00220 | 00 [[002000 | 00 |
0.0230 0.0 0.0230 | 0.0 || 00230 | 00 |[00230 | 00 || 00230 | 00 |[0.0210 0.0
00240 0.0 | [0.02407 0.0 |[0.0240 | 0.0 |[0.0240° 0.0 | "0.0240"’f'ﬁo.o**“ 0.0220° | 0.0 |
700250 0.0 || 00250 | 00 |[ 00250 | 00 |[00250 | 00 |[00250 | 00 [[0.0230 | 00 |
[ 0.0260 0.0 || 00260 | 0.0 || 00260 | 00 |]|0020 | 00 ||00260 | 00 [[0.0240 = 00 |
00270 0.0 | [70.0270" | 0.0 |[70.0270 | 0.07 || 00270 | 0.0 |[0.0270 | 0.0 |[0.0250 | 0.0 |

| |

Minimum | -0.7 Minimum -0.3 Minimum -0.7 Minimum | -0.2 Minimum 0.4 Minimum -0.2

Maximum | 37.6 Maximum | 41.7 Maximum | 44.2 Maximum | 199 Maximum |  39.0¢ Maximum | 43.8

Mean 0.1 Mean 0.1 Mean 0.2 Mean 0.1 ‘ Mean 0.1 Mean 0.5
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QUIZ — NEWTON’S LAWS PART 2 / FRICTION /97 S

True or False (2 pts each): Write TRUE or FALSE in the space provided. If the
statement is false, change any word or words to make the statement true.
. N\
. Newton’s first law says that an object needs g force to continue moving
at a constant speed. |, (1-o,4 '

B
—

{7 2. A force requires that there is an interaction between two objects.

(L€ 3. A net force on an object will always change the object’s velocity if the
net force is not zero.

L 4. Inertia is the property of matter which causes it resist acceleration.
| Acreas?  Lheasl
JALS 5. Doubling the net force on an gbject will decrease-the object’s

acceleration. U ’ No (0 (t
L X i i B N é

Matching (1 point each): Match the correct term in Column I with its definition in

Column II.

Column I Column II
| DA | newton \@Lrate at which velocity changes over time
28 ( weight “~b) apushora pull
D 6, net force ©) amount of force exerted on an object by gravity
4. f mass “t)_amount of force needed to move an object

\ against friction divided by the object’s weight

T static friction “e) unit of measurement for force
6. }A kinetic friction B-forces which exist in a cord, rope, or cable
7. _ Q& coefficient of friction \g\) total force affecting an object’s motion
8. { tension “h). force exerted between objects that are sliding

‘ against each other
9 C‘ acceleration "B amount of matter in an object

—_—

o %
[ E—
\

force “P-friction between non-moving objects



Multiple Choice (2 points each): To receive any partial credit for any calculations you

must show your work in the available space. T - ) { clen [y LY 160 |
i B, - gl iOmfs | (o VIV -
1. Calculate the weight of an object that has a mass of 15 kg.
~a) 0.67N c) I5N
b) I.5N @) 150 N
2. What is the coefficient of friction of a block of wood sliding on a vinyl floor if the
block of wood weighs 6.5 N and it takes 2.5 N of force to pull the block of wood
at a constant speed. LTy VYN |
0.38 c) 4.0 = v == -
) 2.60 d) 16.25 ‘ “LoW
3. The two things that affect the amount of friction an object feels as it slides across
a surface are:
a) its weight and its speed
b) its speed and its surface area [
(©)y its weight and the material the surfaces in contact are made of ( {/I.N!
d) its speed and the material the surfaces in contact are made of ‘
4. Static friction is kinetic friction.
@ greater than b) equal to c) less than
5. You and your best friend each pull on a pair of spring scales attached to the ends
of a horizontal rope in a tug-of-war fashion. How do the readings on the two &
scales compare?
a) one scale reads greater than the other scale
"b) both scales have the same reading
' not enough information to tell
Short Answer (5 points): Choose a sport or activity and explain the effects that friction
has in the sport or activity.
j\‘ (dC ./—‘-"‘. \ oy X
ol
/, l r’T/I / Vi i £33 7
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IPS UNIT 2.6 i — X Name: _| [ (Wat| acpp .0
The Mu of the Shoe - Friction VL T ——

b =M o & 3 - Ul ) ] i "
WHAT DO YOU THINK? TR I 2
. Wh}’ dO some SPOT‘LS requ1re spec1al shoes‘? \\""""f—i;l,fl.“'.l\‘,"'.____V____ , i 3 i)
( 7 Par - -
f : r - ‘ ; | I - ; / | \ \l ’
terr oottt am  pee. . |

e What affects th<=F amount of friction between your shoe and the floor?

g a Wy A AL
Lo . QIMAOLE o
v i - bl | e 4

b
A

e When we drag a block of wood across a table or counter at a constant speed what do you think
affects the amount of friction that the surface exerts on the block?

L/ >y ~ -
- S } -

FOR YOU TO DO

1. Place the block of wood with its largest face on the table and connect the scale to the screw-eye
at the end of the block. Pull the scale and the block horizontally across the table. Make sure
the scale is horizontal (parallel to the table surface) at all times. Make sure that you pull the
block across the table at a constant speed, read the force on the scale in newtons.

* Pull at constant speed

T Hold Scale Horizontal 0.C

N N A, (
o A PULL
I AN N AN NN NN NN N L
AN AAAAAAARA &

%

Draw the forces acting on the block on the freebody diagram of the block shown below.
Remember we learned that if the block is not moving or moving at a constant speed, that the
forces on the block must be balanced. If you are pulling on the block to keep it moving, then the
force that you apply must be the force that balances the friction of the surface on the block.

| o
LTIy

PN VAN AN N N W N N N NN 2 N )

.

When pulling at constant speed, how does the force that you pull with and the force of friction
compare? Why?

IPS Unit2.6 - Friction 1 2/18/05



2. First observe the force necessary to start the block moving and record the reading under “To

Start.” Do this by pulling slowly and observing the largest force just as the block starts to move.
Do this a few times to make sure your results are consistent. Next, while pulling the block across
the table at a constant speed, read the force on the scale and record this under “To Pull.” Try
this several times to see if there is consistency. Hang the block from the scale and record the (»—’
weight of the block where it says “weight of block =",

1 Block Flat

I\

Reading of Spring Scale
To Start To Pull
[

i ]
AY,

Weight of
bloc_k =

|

Is there any difference between the force needed to start the block and the force needed to keep
the block moving? Which case requires the greater force?

{

»

.f.

Do you think adding a block on top of the first will affect the force needed to pull the block across
the table at a constant speed? If so how?

\l.

Place the block on its largest face again and place another block on top of it. Repeat the steps that (A
you did in #1 with the two-block system and record your results in the chart. Hang the second block
from the scale and add its weight to the first block and record the weight of the two-block system.

2 Blocks Flat

Reading of Spring Scale

Weight of

To Start

To Pull

(
S
'

/.
J

1)

blocks =

)
L/

How did adding a block on top of the first block affect the amount of friction?

What do you think would happen if you added one more block so there are two blocks on top of
the first one? Write your prediction here.

\-:

A

IPS Unit2.6 - Friction
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Now do it to find out. Record your results in the table below.

[ 3 Blocks Flat -
Reading of Spring Scale Weight of T S o
To Start To Pull blocks = 3\_;/'@' '
ari N (o /7
f;‘. f' ‘ I {/\/‘ v ikl

How did the force needed to pull the three- block sys compare to the force needed to pull the
one- block system'? /{:

: A i -~ A
/\J fL.// 7 ' T I - f ) M 4 \'
What does this tell you about the friction force acting when the number of blocks (the weight) is
mcreased'? - 0 | S : f

s / & ) WA, .'_ A J
f ‘f { /AA :’, s - . £ LA _A)
(

5. What else might affect the friction force acting on the block as it is pulled at a constant speed?
One thing that may affect friction is the two surfaces that are in contact. To test this we will keep
the weight the same by using the two-block system, but we will change the surfaces that we pull the
blocks on. We will pull the two blocks at a constant speed across different surfaces including the
back of the whiteboards and then the front. Which surface do you think will have the most
friction? Write your thoughts before testing it.

{ s x
A - e v 7
A 1 X } ) [ ]
1 Ja) - L
'\E ""/i,//;.” / C* { 1 /4 1 . )
| 00 £

6. Now test the two block system on both sides of the whiteboard Pull a couple of times on each
surface to check for consistency. Fill in the table below based on your experiment.

Surface Force Required to pull at | Weight of 2 Blocks
constant speed
Front (White) Side ) a Q (141
v 9 1V M TV

Back (Brown) Side

i\_-'lrj J. 1Y

Do the two surfaces that are in contact affect the amount of friction between them? Explain
how you know. ) )

U, Y /e Vs MY AT

I":,;. /l/,"‘f ANV A) R

7. Turn to page 87 in your text and read the blue-shaded area about the coefficient of friction ().
Also read blue shaded area on page 89.

IPS Unit2.6 - Friction ' 3 2/18/05



Your teacher should discuss coefficient of friction, then do an example of how to calculate it.

The table below is based on work that you have already done in this activity.
For # 1-3 in the table, fill in based on what we did on page 2 and 3

For # 4-5 in the table, fill in based on the data that you collected in #5 of this activity (page 3).

For #6 in the table, pick another object to find the mu of. This could be sneakers, a bag, etc. Find the
force required to pull at constant speed and its weight. Then calculate the mu between the object and
the surface it was dragged on. For #7 in the table, add mass to the same object (#6) and find the mu
with the additional mass.

For each situation in the table below calculate the coefficient of friction and record it in the
appropriate place.

, Force to Pull Weight of Coefficient of friction
System Force of friction | blocks - _
(N) Normal Force | Force of Friction/
(N) weight
1. One block on Table (from #2 on C il s z : il
page 2) RAVAY SRR Y -
1 2. Two blocks on Table (from #3 [!, 7 EAShY Lol e B (
., on page 2) i L% a1 9™ & |~
3. Three blocks on Table (from #4 |/ 2 | ¥ ,' 20
from page 2 and 3) Sl gy T '
4. Two blocks on back (brown side) e 7 U2 ) s
of whiteboard (#6 from page 3) bl 2. o e
(.| 5. Two blocks on front (white side) | 20/ v, i AR
| of whiteboard (#6 from page 3) ¢« 07 bkl £
) ;"L'a_,‘ /6. Object you choose. o193
Samg g N . I/ / Lok
7. Object you chose in #6 plus
extra mass o _ 5
' y O« !

T\ TR Tr) 1 Ler |

A

f-'(‘,’;{'_] V1 LQ Inlé | A

8. In the table #1-3 what do you notice about DU l‘(J.'\:P[Vhicl‘l‘ surface had the fnggest ‘force of

the coefficient of friction (p)? friction? Why do you think that it is largest?
o 2 ¥l e . oy i = F,
AN 48 K\. FT I " | .. )
/’; .- . r -'l i ; /
Ie . ‘i .‘ il [ ey 1} p | - S
C \J'r.',"’ﬁ {1 ‘ \ | o A 510 1
9. From the table, which surfaces had the ¢ “11. What do you think affects the coefficient
highest coefficient of friction? of friction? :
.’.I -
N 3
L/ i
IPS Unit2.6 - Friction P ——  2/18/05
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REFLECTING ON THE ACTIVITY Y/ R : G

_/ / v
\ l' ;r( c’ ;
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gl IS W 1 I [ e acled| dhf Gt
WC satace afeq [owc jh--’-‘_(}i e ho €1 \Cﬁf : Yo itk o ( } r 3 x ’C
PHYSICS TO GO (p90-91 #1-4, 7, 9-10) And problems below.  ~ Cecred by TV sord
1. What is static friction? tope t o of oo

Fiidkoon That ¢

2. What is kinetic friction?

25 4o < 4
/ [ [ ~ 1
3. What are the units of mu? Wh)f? L rapth L b ob 71007 b -
‘j =T i L JIU - | - 1 J-l Pe
i A1 Z,'F’(j’,,-‘ ,.. TaE i — ¥
e / y y e 1 d ~
bectst W} 15 o fatio T ~Yes
4, You push on a 5200 N car with a force of 100 N and the car does not move.
What is the force of Is this kinetic or static What is mu in this case?
friction in this case? friction?
Y SR N )
) (y{l( | / "}(0 i |""/ (ol _'
¥ ta - l"( l[
\ £y 5 ZL)O [J
| L‘.
4

5. You push on a 1200 N crate with a force of 98 N. The crate travels at a constant speed because
of the constant push.
What is the net force on What is the force of friction What is the mu between the
the crate? acting on the crate? crate and the ground?

On 151) a3

i '
1\': Tale ‘. (¢

6. The force of friction required to pull a 1200 N sled on ice at constant speed is 50 N.

What is the mu If a 500 N child got on the sled, what How much force would it
here? would the mu be with the child on it? require to pull the sled with
Why? (Consult your activity) the extra weight?

(JW . O /] . 70 1/

g
e / . ) J' f ] :‘ B f?
}/Fl’_//’ V& i ~’/(§Lr Ve fldse ; fﬂf - ,.' 'L)j‘ (\ " fq
Veakd 1 ‘ 3 HETE
ad v ; 0n Y| ( g [’ ‘7L’”
IPS Unit2.6 - Friction n 0Ce0dion gnd e bisul 2/18/05



/

10000, 0

i\

7. A desk with a mass of 90 kg is pushed across the floor at constant speed by a force of 500 N.

What is the mu between the desk and the floor?

M= &

/W o G Y
\ vio R

S

8. Suppose, in the previous problem, your friend is tired and sits on the desk. His weight is 400 N.

A) What is the total weight of your friend
and the desk?

IPS Unit2.6 - Friction

B) Earlier you were able to push the desk with a
force of 500 N. Now, with your friend adding
weight, how much force must you push with
to move it at constant speed?

6 2/18/05
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IPS Unit 2.7 Circular Motion Name: |
Period. /| Date

'@"VHAT DO YOU THINK?

e When you are on a psycho (really fast) merry go round, you are traveling in a
circular path. Is there an unbalanced (“net”) force pushing or pulling on you? Is it
directed towards the ground, the sky, the center of the merry-go-round, away
from the center or no “net” force at all?

Y.

~ & A
Y

FOR YOU TO DO

1. Remember your friendly neighborhood accelerometer? He's back! He missed you,
too. Recall from a long time ago that you can tell if an object is accelerating, how
much it is accelerating (a lot or a little)and what direction it is accelerating based

o on the liquid in the accelerometer. Discuss with your partner how an
’ accelerometer can tell you what direction you are accelerating and how much you
‘ are accelerating.

2. a) Use our liquid accelerometer and place it in your
hand so that it points straight out from you. Twirl in a
circular path and draw the position of the liquid 4in
the accelerometer at the positions shown at the right.

2. What does the position of the liquid in the accelerometer
tell you about the direction of the acceleration?

0; - 7

ol i 0
3. Draw an arrow in the picture at the right to show the direction of the acceleration
in each case.

3. Based on what you learned in Unit 2.2 (Newton’s Second Law), what does the
acceleration tell you about the direction of the force on the liquid accelerometer
as it is being twirled? (Hint: Read the bold paragraph on page 64 of your text.)

A i

~ IPS UNIT 2.7 Page 1 2/18/05



This can be done as a class demonstration. New © -

4. Start a ball rolling across the Path of ball il =1
floor. While it is rolling give it a ‘ . ST el |
push sideways, perpendicular to * rfatilieban il
its path as shown at the right. In ko) e AP
each case sketch the path of the Push QA ‘f". ¢d
ball after it is given the push. + Puolt

Path of ball
5. a) Try to make the ball go in a " """""""""""""

IPS UNIT 2.7 Page 2 , 2/18/05 |

circular path by giving it short quick taps. Describe what you must do to keep
the ball moving in a circular path. Describe the direction of the taps.
\/ |

15. y [ A i | | | WU [ 4

(¢ \ ‘ . | . = ) : fi

{0, At ( L, \-:__\ e - / f { cd

= | L .1 | tnl { [ P Ar 4 TP T
i_ ""-, Dy l"“ .}.J | 'u.ur Tl | 8 + l ¢ J1 L.i_‘/"‘,"y, V(¢ o178

4l , o Vi P
. AW AR & OV ol AR LW
b) On the drawing shown at 'the right place an/ _
arrow with a "v" to show the direction of .
the velocity of the ball at each position

shown. ’

o |
1 pal 19 L i
"5

vV

W/

c) On the drawing place an arrow of a
different color to show the direction of the
force you applied to make the ball go in a

circular_‘_Pat‘h, Put an "F" next to this arrow.
S :

Ve

d) If you stop puskhing the ball, what path does the ball take. Describe what
happens with a written statement and draw a sketch.

nocgf
S |
i

{

1 LATY
{

. We have| learned about Galileo's Principle of Inertia and Newton's First and Second

Laws. Each helps us describe the motion of an object and why it happens in a
particular way. Use each of the following to help describe what you just did in this
activity.

—

a) Galileo's Principle of Inertia & Newton's First Law of Motion. (p58 -59)
\ 2 J . A T
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m ‘. ACTIVITY NINE: Circular Motion @ |

REFLECTING ONTHE ACTIVITY
AND THE CHALLENGE

Both circular motion and motion along curved paths which are
not parts of perfect circles are involved in many sports. For
example, both the discus and hammer throw events in track
and field involve rapid circular motion before launching a
projectile. Track, speed skating, and automobile races are done
on curved paths. Whenever an object or athlete is observed to
move along a curved path, you can be sure that a force is acting
to cause the change in direction. Now you are prepared to
provide voice-over explanations of examples of motion along
curved paths in sports, and in many cases you perhaps can
estimate the amount of force involved.

PHYSICSTO GO

1. For the car used as the example in the For You To Read,
what is the minimum value of the coefficient of sliding
friction between the car tires and the road surface which
will allow the car to go around the curve without skidding?
(Hint: First calculate the weight of the car, in newtons.)

ﬁ 2. If you twirl an object on the end of a string, you, of course,
must maintain an inward, centripetal force to keep the object —
moving in a circular path. You feel a force which seems to be
pulling outward along the string toward the object. But the
outward force which you detect, called the “centrifugal force,”
is only the reaction to the centripetal force which you are
applying to the string. Contrary to what many people believe,
there is no outward force acting on an object moving in a
circular path. Explain why this must be true in terms of
what happens if the string breaks while you are twirling

an object.

3. A 50-kg jet pilot in level flight at a constant speed of
270 m/s (600 miles per hour) feels the seat of the airplane
pushing up on her with a force equal to her normal weight,
50 kg x 10 m/s? = 500 N. If she rolls the airplane on its side
and executes a tight circular turn which has a radius of
1000 m, with how much force will the seat of the airplane
push on her? How many “g’s” (how many times her normal
weight) will she experience?

—_— <5>® SPORTS ‘
- |
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IPS-9 : Circular Motion

Centripetal Acceleration and Centripetal Force

An object can move around in a circle with a constant speed yet still be

| ( }
E ( 2104

accelerating because its .,/ | 7+ (| /4! 'is constantly changing. This acceleration,
. .
which is always directed 1 WO L the (¢Nip! of the circle,
: 4" A
is called [ gntcigtie acceleration. [ (/- of *d means center

seeking. The magnitude of this acceleration is found using the equation:

centripetal acceleration = ( speed x speed )/ radius

or
a. = vr
If an object with a mass, m, is being accelerated toward the [ L4 ; O\l
of a circle, it mustbe ___| or pulled by an unbalanced '
that gives it this acceleration. This force, called the [ @ntcypiig force, is
always directed inward toward the center of the circle. The __ = o - of

this force is found using the equation:
centripetal force = mass x centripetal acceleration
or
F.=ma,=(m v))/r

The units for centripetal acceleration and centripetal force are m/s* and N, respectively.
Y P P Y



IPS-9 Circular Motion

Problem:
Missy’s favorite ride at Hershey Park is the Rotor, which has a radius of 4.0 m. /The ride

takes 2.0 seconds to make one complete spin or rotation. e~/ /1

f ) /
; W,

{ L - 'i:‘ / ,-"‘, /
a) What distance will Missy travel on the ride during the 2 seconds when the ride is

going around one time?

Given: radius=r=__{__ meters
Unknown: distance=d=2 (pi) r 7T
d= ? : |7 meters
b) What is Missy’s speed on the Rotor?
Known: distance=d= 7 ".''m
Time=t=_"/.( seconds

Unknown: speed =v =distance /( i+t )

v= LSd D ¥

v:

c) What is Missy’s centripetal acceleration on the Rotor?

Known: speed=v=

Unknown: centripetal acceleration = a; = Vit
a.=( 12,62 12.57 i Y,
ag= 4 0 mi
d) If Missy weighs 85 lbs., what centripetal force does the wall of the Rotor push on

Missy to make her go around in a circle (use: 1 Ib. is 4.4 N).
Known: weight=F,=851Ibs.=__ /! N

centripetal acceleration = a; =

Unknown: mass = weight / acceleration of gravity
m=F,/10mis?=_< 7. U /10 m/s*
2o 1 kg
To be found: centripetal force =F.=m a,
F. = N ,"‘,‘,x 29 .t ‘ ) / )
. 5 . ey

Fc= ; (g 11 !‘:-" N o [ |/ - |
A b Y, | " /




C&Id{) ;e il

Thok + fafvp Qs ions pb) 2/22

fm/, ) T llg7u. ] T 2Bl Gufs )20 5 W

/7‘11/ Fm{ﬁ ﬁ{ (Pﬂlfpef / \ Dbe ¥ tar I{//ﬁf{" o)
I

i Zzhug

;2 a- ﬁlf/f ];[ Qfo 7‘2"\/ /Qm) F /Z(q/gp/g/2ﬂ] )2}’1//25@ /((1//)
L9y speud
J) F mu/r)f /M/g /?f’”‘);: /!:,W/S//ﬂ 2 (/,U/?mf) @
L fﬂl.!\.(

-l Ll "/m/? J/POSEORN LY TV

A Tk o™ > F- 2y el [ 5 F-32 I fla

Eies 2n

% i)

n

.2
Ytais J;T\/w'w{,f E meﬁ ]

\

/117 I%”TLS ﬂp‘ﬁﬁﬂ &03 a ﬁf é”"" !ﬂrm’ x_,}"“"[ 7’L ﬂﬂ(’{ O/IJ‘\/\(]

f"l{) Lrv}- Marc Mg gfs an by /

} L/{’nus Fs . mf’d{ i /aldifz‘r/m’ﬂ/ C-,x;‘?éd, e ,é;_/fgue

UPJaH )917{/ St (IAh hosl Pfg,wl,r l\ﬂF #nzd)lv} fy;’pw(',mp/ # /ﬁfgf speed s

Don / \/OL nesd Qﬂmf/w 'WPJ 49 Oy (Orrp ﬂf’é’u//‘

So NOU nppc{ ana)q go 1t deac af Mm/s O’f’i QET(S (o (] af ‘F/

4‘02,







IPS-9

[+

I L Ay | \"jl 16 (g /
Name: | ‘ N AL | f

Block #: 9/9v
| e e [0
Circular Motion Quiz /"L

Please watch the demonstration to help you answer questions 1 and 2. The demonstration
is of what is called a vertical circle.

X Where is the bottle when the tension in the string is the grc:atest‘7

a)

,/
P
Y

at the top of its path. ,,;f N, . _ ) ol e

at the bottom of its path. " o
the tension in the string is the same no matter where the water bottle is.

2.  Why does the water in the bottle not spill out of the opening at the top of the
circular path?

a)
b)

Because gravity does not affect water the way it does solid objects.
Because centrifugal force is pushing the water up.

Because the water’s inertia keeps the water moving in a direction tangent
to the circular path.

Because the weight of the water is less than the tension in the string.

3. Why does an object going around in a circular path at a constant speed have
acceleration?

a)
b)

9

Because it is speeding up.

Because it is slowing down.

Because it is constantly changing direction.
Because of centrifugal force.

4. A car travels in a circle with constant speed. The net force on the car:

.a)
%)
c)
d)

is directed toward the center of the curve.
is directed forward, in the direction of travel.
is directed away from the center of the curve.
is zero because the car is not accelerating.

5. If you whirl a tin can on the end of a string and the string suddenly breaks, the
can will:

)
b)
<)
@
)

6.
%
)
d)

fly directly toward you.

spiral away from your hand.

spiral in toward your hand.

fly off in a straight line tangent to its circular path.
fly directly away from you.

The centripetal force on a car going around a curve is provided by

friction of the road pushing on the tires

force of the engine speeding up the car

the weight of the car.

the reaction force of the brakes applied to the wheels.
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IPS UNIT 2.8 Concentrating on Collisions

WHAT DO YOU THINK?
e A football player runs toward the goal line and a defensive player tries to
stop him with a head-on collision. What factors determine whether the

offensive player scores? e : '

n
Ay . o A {4
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g ot
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FOR YOU TO DO .
In this activity, we will set up several collisions between two Pasco carts and
observe the results.

1. Set up the Pasco tracks so that there is one block under one end of the
track to create a slope. Align the second track at the bottom of the first,
along the table so the track is level and the grooves in the track for the
Pasco Cart wheels are aligned. The red cart gets placed at the top of the hill.
Place the blue cart on the horizontal part of the track about one cart's
length from the bottom of the hill as pictured below. In all of the collisions
set up the carts to bounce off each other, not stick together.

IPS Unit 2.8 1 2/18/05



2. We will do three collisions with this track configuration. Record your

observations below.

e Collision #1: the red cart + 250 gram mass into the blue cart + 250 gram

mass.

e Collision #2: the red cart + 250 gram mass into the blue cart with no

additional mass.

e Collision #3: the red cart with no additional mass into the blue cart +

250 gram mass.

Collision

" What Happens to Red Cart?

What Happens to Blue Cart?

Red Car +0.250 kg
]_ into

Blue Car +0.250 kg

S h?{ g ":} A/

Red Car +0.250kg
2 into

i Blue Car by itself

Red Car by itself
into
i Blue Car +0.250 kg

|

! -—..—"

3. Identifyi a real-life situation, which the previous collisions could represent.

I

IPS Unit 2.8
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Red

4. Arrange another head-on collision between the two carts, but this time have
them moving at the same speed towards each other. Release the carts from
the same height on opposite hills so that the collision takes place at the
middle of the flat track as shown above.

5. We will do three collisions with this track configuration. Record your
observations below.
e Collision #1: the red cart + 250 gram mass into the blue cart + 250 gram
mass.

e Collision #2: the red cart + 250 gram mass into the blue cart with no
additional mass.

e Collision #3: the red cart with no additional mass into the blue cart +
250 gram mass.

COH;SiO“ What Happens to Red Cart? What Happens to Blue Cart?

Red Car +0.250 kg
into i
Blue Car +0.250 kg

TN

Red Car +0.250kg i S &
into 190 ¢ ‘ : X nerg
Blue Car by itself

[ -

3
~
AN
S

Red Car by itself o - ‘ : ' .
into
Blue Car +0.250 kg | ¢ 1+

6. Identify a real-life situation which these collisions could represent.

=) ] PP : ; : b [ I e
ehals € ron S Le ¢ A€l St e Trao ¥Vass| L |
(WL LAl (Lo & {
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7. Your teacher has two boxes that look exactly the same; however, one has
more mass than the other. You will have to figure out which one has more |
mass without touching the boxes. Your teacher will ask the class what kind |
of experiment can be done to try to figure out which box has more mass.

Your teacher will then set up. and do the experlment as a demonstration.

Qu[“-} R Pasc R

8. Wthh box had more mass?

9. What experiment did you ask your teacher to perform? What were your
observations and how did they indicate which box had more mass?

,7"‘ ' “"‘ A J‘ 3 “. ‘ o N al ,‘;‘) (Lff !’“ - /.';, o M [ Lt
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\
.

7 )

10. Read “For You To Read” on page 94.
Reflecting On The Acti'vity
/ll (A !_~. A E r:";’-f.‘ '.‘(“ & V i : i _,-'f-"‘b.
L//l/)i’ . ’y / ] i .
:! / / !
Ay A A
By ]
Q) g & { ‘.,' At
(o f
Physics To Go (p. 95 96, #1-9, #W“B’**ﬁpﬁonal,. -ask—your  teacher if
youshould*~do=~it:) /
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" ACTIVITY SEVEN: Concentrating on Collisions @

REFLECTING ON THE ACTIVITY
AND THE CHALLENGE

You already have identified several real-life situations which
involve collisions, and many such situations happen in sports.
Some involve athletes colliding with one another as in hockey
and football. Others cases include athletes colliding with
objects such as when kicking a ball. Still others include
collisions between objects such as a golf club, bat, or racquet
and a ball. Some spectacular collisions in sports provide fun
opportunities for demonstrating your knowledge about
collisions during voice-over commentaries. Use the concept of
momentum when describing collisions in your sports video.

PHYSICSTO GO

1. Sports commentators often say that a team has “momentum”
when things are going well for the team. Explain the
difference between that meaning of the word “momentum”
and its specific meaning in physics.

2. Suppose a running back collides with a defending linebacker
who has just come to a stop. If both players weigh the same,
what do you expect to see happen in the resulting collision?

3. Describe the collision of a running back and a linebacker of
equal mass running toward each other at equal speeds.

- % SPORTS

N EE




PHYSICS IN ACTION

4. Suppose that you have two baseball bats, a heavy (38-ounce)
bat and a light (30-ounce) bat.

a) If you were able to swing both bats at the same speed,
which bat would allow you to hit the ball the farther
distance? Explain your answer.

b) How fast would you need to swing the light bat to produce
the same hitting effect as the heavy bat? Explain your
answer.

5. Why do football teams prefer offensive and defensive linemen
who weigh about 300 pounds?

6. What determines who will get knocked backward when a big
hockey player checks a small player in a head-on collision? !

7. A 100-kg athlete is running at 10 m/s, At what speed would a
0.10-kg ball need to travel in the same direction so that the -
momentum of the athlete and the momentum of the ball
would be equal? ; 1

8. Use the words mass, velocity, and momentum to write
a paragraph which gives a detailed “before and after”
description of what happens when a moving shuffleboard
puck hits a stationary puck of equal mass in a head-on
collision.

9. Describe a collision in some sport by using the term
momentum. Adapt this description to a 15-s dialogue that
could be used as part of the voice-over for a video.
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IPS Unit 2 .10 Problems

Momentum and Impulse

A. A 50.0-kg football player is running East at 1 20 m/s. What is his momentum?

p: v/ Q; (,\r #i- T0m/s | ( [ - (!f) \\. 0 ‘/J_.q_

(

2. A 5.00-kg object is moving North at 12.0 m/s, what is its momentum?

. l/ ?"'\) P < S(I\/\ (]; },l/r‘] P = ; _ \.‘ 7 /: /

3. An object with a momentum of 120-kg-m/s [South] has a velocity of 15.0 m/s. What is the
mass of the object? '

}/W;;; - i I;,"‘ . “‘q"_”‘_ ( Vﬂ. ’Ej(/ .
V / _ -

4. An object with a mass of 3.20 kg has a momentum of 54.0 kg-m/s [Wesf]\v&hat is the velocity of

the object? , / . .
(/ ".ﬁ (4 £ . | N\ (& .
0 R [T R (R b
}(“ ; " _‘: [

'5. A truck of mass 2,500-kg is moving East at 14.0 m/s (approximately 30 mph). A bullet of mass

10.0-g (0.010-kg) is moving East at 88.0 m/s (qpproximately 180 mph).
» / 'a) Which one has the greater momentum? ¢/ :
: b) What is the momentum of the truck? [y = o LS00 kg [/, "'?;f-"r\.ﬂ‘.f? £ ers
c) What is the momentum of the bullet? F pv < P .[,; I!f » x VS, g

6. A 1,000-kg car has a velocity of 25.0 m/s. What is the velocity of a truck of mass 3,500-kg, if it
has the same momentum as the car?

ﬁ: M \/ \/;{, ‘h ,v/ 14 / \jo‘ J /5 150(

(

Fear = (600 ) 9000 eq Jﬁ‘a/r - LA
J )

7. A 1,000-kg car has a velocity of 10.0 m/s. What is the velocity of a sled of mass 20.0-kg, if it
has the same momentum as the car? el =

bru " 1600 k0 * (0)s = 16.000 larls_apy e
\ \ /’ N 7 :
o= efm. = 10000 ks FJsgly = 28 ol

#

-



8. A1 ,000-kg car has a velocity of 10.0 m/s. What is the velocity of a bullet of mass 40.0-g, if it
. has the ‘same momentum as the car?
DOO (/ ff - e

P(m’ - (060[/( 4 / 0
Virapet - \'//"{ <1660 0 leg ]/ / (ij : :/) S 00d 0 ',f./g

/9. A force of 10.0 newtons [West] is applied to an object for 32.0 seconds. What impulse is given
\ to the object?

\j : “«l,.. / E/

" JSomds o6 VJ!’%
4 & l A
10

. An object received an impulse of 50.0 N-s [South]. ’If the force applied was 2.50 N [South], how
long was the force applied?

J:FaY  SOugmks~ 230 B4 Qs 50

-
e

11. A car received an impulse of 2500 N-s [East]. If a force was applied for 40.0 seconds, what
. force was applied to the car?

J< T 2800 g o F(4pa) (049 V)

|
i

(12. A 20.0 newton force is applied to a 50.0-kg object for 65.0 seconds.

_a) If another object receives the same impulse when a force of 5.00 newtons is applied, how
long must the force act?

b) If yet another object receives the same impulse for 40.0 seconds, what force was applied?

PO e (F- .50

Impulse and Change in Momentum

1. A golf ball and a baseball are initially at rest. Both receive an impulse of 0.150 N-s [East]. The
mass of the golf ball is 46.0 g and the mass of the baseball is 0.145 kg. ) '
a) What will be the velocity of the golf ball? | - - i 5 s By r g )
b) What will be the velocity of the basebaqb (U UASV/A VRV CAN] /J

J— I in iJ ] '/ o JJ’

\‘_/'ll
f\\



I o, 1y

A force of 12.0 N accelerates a 3.00-kg body, fromﬁ) 0 m/s [East] to 18. O m/s [East]

\) / “What is the change in momentum of thjjfwj =pe Dy ) )
-;ub)-\\What impulse was given to the body?
c) How long was the force acting on the body?

il

[¢

|- (1 2, 11
I

, " ( [

i/ ’ ‘( / U f[ 1! % () ‘_J \.;,
A golf ball of mass 0.046-kg is hit off atee W|th a velocny of 35. O m/s [East] L '
a) What is the change in momentum of the golf ball? I/ ¢ /5 | kgrys
b) ‘What impulse is given to the ball by the club? o /1 MLy 5 \]
c) If the club is in contact with the ball for 0.0080 seconds what force was apphed fo the balt J

by the club?

Superman can exert a force of 50,000 N. He uses this force to stop a train (m = 80,000 kg)

that has a velocity of 25.0 m/s [North].
a) What must be the change in momentum for the-train?

; e Y UE)O¢
b) What impulse does superman give to the train? (. ' Y ;u.}._
I I /)

c) How long will it take to stop the train?

< 1

,x.)
000,



5. When you catch a fast-moving baseball is it better to try to hold your hand perfectly still or to let
it move back as the ball hits it? Explain in terms of change in momentum, impulse, time of
impact and force applied to the ball. ' ‘ (wy

s p—
=
SV
- (
gy o \

6. Everybody knows that yc'>u will be harmed less if you fall on a floor with ‘give’ than a rigid floor.
In terms of change in momentum, impulse etc., explain why this is so.

7. Interms of safety in an accident, much has been said about people who do not use seat belts,
those who use a seat belt, and cars with air bags. Assume that a car is involved in a head on
crash; explain each of the following.

a) Which person will experience the greatest change in momentum?-
b) Which person will experience the greatest impulse? - p—y
c) Which person will experience the greatest force?

REFLECTIONS
Now that we know about impulse, can you explain the following?
e What is the importance of following through when swinging a bat or a golf club?

|

e  Why do boxers “roll with the punch”? Hint: The answer is the same for all of these
questions, no need to write it three times!
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o Unit2.11 Energy N Period Date
WHAT DO YOU THINK?
e Knowing that roller coasters don’t have engines, what determines how fast they can go?
FORYOUTO DO

1. This activity is about energy. The energy that we will discuss in this class is one of two types: potential
and kinetic. Your teacher will briefly discuss each type. Your teacher will give you the formula for each
and show a couple of examples.

Fill in the table below.

Potential Energy Kinetic Energy
F e R v ‘ C [ \
Formula: f L [ ’}\ Formula: |©_ | p L (et C
What does potential cnefgy depend on? | What does kinetic energy depend on?
S| /

2. For the following examples determine if the object has any potential energy and any kinetic energy.
Place a checkmark in the appropriate place if the object has that type of energy.

Object has PE Object has KE
A ball rolling on the ground. -
A crate at rest on the ground. |
A person skydiving in mid-air. v

A ball held above a cliff.

The same ball dropped from the cliff in mid-air

3. The following is based on stuff that we learned a long time ago, in projectile motion- Unit 1-9. A ball
(mass = 1 kg) is held 45m above a cliff, then is dropped. Fill in the table below based on the dropped ball.

Time Velocity (Speed)- \ Distance traveled - .’ Height from ground
0 0 0 | 45
1 e Y
2
3

IPS Unit 2.11 1 2/18/05



4. Based on the calculations made above fill in the following table below.

Time Potential Energy (m-g-h) Kinetic Energy(1/2-m-v?) | PE + KE
0 USs | = -
1 Yo SO J '
P >
2 i 4 (,\J UL
3 | .
5. What happened to the PE? What happened to the KE? | What happened to the PE + KE?

|
]

T T4 ¢f,

6. Your teacher has a pendulum set up in the class room. He (or' she) will offer a test of courage to the
classroom. The test of courage: place the pendulum to your nose, release it, let it swing to one side and
back, when it gets close to you- don’t flinch! Try it, its tough to do.

7. When the pendulum swings back and forth, do you think that the total energy (PE + KE) increases,
decreases or stays the same? | . ' _ -

-8 7 [ ff / :
J Uunwi U L 2] et vepnles 2gnile,, T ) wel
J

s ) F Attt gy 07 Aea
8. In terms of energy, why will you never get hit by the pendulum (as long as you don’t give it a push)?
1 - / ] ;o N

o

X
™

.

\
X,
S:'

g
X

;

LY
ey

¢

-1
/4

AN bndid ¢ ~tr Lo« DA . P Voo T ! i i A
A S e e Ny AT Y

- 7 < ~Z
- AA P .2 ' p i
N/ ‘{,{ T B4 /M ~U VLT / 417

9. It turns out that the PE + KE of any system will always be the same, as long as there are no forces from

anything outside the system. Another way to say it is that energy cannot be created or destroyed- it only is
transferred from one type into another- such as from potential energy into kinetic energy. This is known as
the conservation of energy.

IPS Unit 2.11 & 2/18/05



10. Fill in the blank spaces based on what we learned in this activity.

PEJ4) @ -1kg PE=/(

Y
A
=

PE~20 PE- ()
KE-350) KE-7
PE+KE- /() PE+KE=
v=un V=1 .43 /s
S0=¢& 7'/ i (AR
00 < )2 [0 < v?

11. A 500 kg roller coaster gets pulled to the top of the first hill. Its speed as it passes point “A” is 5 m/s.
You can fill in the rest of the blanks based on this information.

},"3(,.(/’
A B & D
PE-/9 0000y | |PE-() PE-l00,000) | | PE=0)
=/ 75D KE=(5¢750 KE=¢ /7 KE=/¢(7
PE+KE= ;r£20) | PE+KE= 15024 PE+KE=[C/ 2} | PE+KE=
V=5 ¢ V=754 = Uufy” 7| v=254
750 ("" / 151 )'.‘;fr/ - 7
O/ .Jg / A
IPS Unit2.11/, —~——" 4 2/18/05
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WHAT DO YOU THINK? nsgreatim o€ Chaam cpeed

e What determmes the momentum 0}‘ an object? Mp mén +”’V] e  What does it mean to conserve somethmg‘?

/l . . - w /] ’
/ 0 L e | SO gt 7’“ ( y V"/ 27 U AdTW Al - A /}_"/
il ‘A ‘ .

Vel Lovdlba 2 @m,,
l otol |7 A f:.\. =N, !,"

. = i R .

FOR YOU TO DO swileast b

1. In this activity you will produce four “sticky” collisions between 2 Pasco Cars. You will only use one track. In all four of the
collisions the red car will be pushed into (and stuck to) the blue car originally at rest. The two cars (now stuck together) will
continue moving together. To get the red car moving you simply give it a firm push. You will have two photogate timers set up;
one between the red and blue car the other after the blue car, as seen in the picture below. Timer 1 will tell you the velocity of the
red car. Timer 2 will tell you the velocity of the combined cars. *You need to make sure that the timer is only “seeing” the top
row of bars, otherwise the velocity that it calculates will not be correct. Based on this information and the mass of each car we can
determine the momentum of the red car before the collision and the momentum of the combined cars after the collision. We will
examine the momentum of the cars before the collision and compare it to the momentum of the combined cars, after the collision.

Timer 1 Timer 2
Push
—————
—— —
| a9 ]
] -,,Eed- |
2. Spend some time ‘ - playing with the timers. How does
the timer work? How does it calculate speed?
B f | Y] ) 3 14 NP 8
Ti{’ 1 (e Senlls o'} d LiTTTe 7 oeam @ & wolom, WHa |
/‘ | S , | » "y :
) W s | . i - 1 $ N [ ~ )
]i‘,.‘ I ._/«‘{‘ ('r/_‘ r Tl TS 1 N [ P Vi = T¢ .,'_,". f / 2 N S ¢ ’_ %» [‘_. . E
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3. Do the four collisions described below. Fill in the tables below based on doing the four collisions. For the first table you need to be
working with the cars and timers. Table 2 is only calculations based on these data.

Sticky Head-on Collisions:

One Car Moving before Collision

Alise Velocity of Red Mass Velocity of Blue Car Mass of Velocity of
Collision of Car before of before Collision Combined Combined Cars after
# Collision (m/s) (m/s) Objects after Collision (m/s)
Red Car (k Blue Car (k . b3 /
(kg) (kg) Collision (kg) P Jut el
Car by itself = Car by itself el &G -
Red Car by itself into ] ) ’; P, e 0 \ é' (;SC/ } \J\f\
Blue Car by itself 1/2 )l L vV U d )\]f\
\
Car +0.250 kg . Car by itself 77 6 [O -2
Red Car +0.250kg into 0 07 7 R 0 : (el ez
Blue Car by itself ! S' A / 5 . 7 S ‘}‘ q -
V £ - : ':_‘-—7-7 e
Car by itself R Car +0.250 kg S Ty
Red Car by itself into () s = g P ¢ [ J
Blue Car +0.250 kg . 24 } \ ? 7 / g f) O S \"""'1 O/Z(.l-:‘?#——A
Car +0.250 kg Car +0.250 kg ( ,’»’”j T =T
Red Car +0.250 kg into - Ont — 0 J Sl e-uid
BlueCar +0.250 kg Y] ' 1Y ( e S i ¢ A
\ 9]

Momentum of object before and after collisions.

Momentum = mass X velocity p=mv
Eallision Momentum of Red Car Momentum of Blue Sum of Momentum of both Momentum of combined cars
4 before collision Car before collision cars before collision after collision.
kg(m/s) kg(m/s) kg(m/s) kg(m/s)
(calculated from data above) | (this is too easy to tell you) (add the first two columns) (calculated from data above)
q A ‘:" ! % n /'t. - ) =i v,
1 L‘H i 'j A/ ] \),’:";_j- /: _A \ ,‘}—
2( yq( W27 U el
2 { L[ { (J \ Vv * {/ . | "W D
2197 Vi ol 29
3 \\)‘/55 J g | (\.[s et ot |
’ N C )| -
4 497 RSy
7~ =
Soutd pe Samg
i ¢ /] } '} ] f
! Fniies t (<5
£ “ > o 2/24/06
o
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REFLECTING ON THE ACTIVIT)(

g 4 A g e /
ey 114 — O e Tl Cevddisn 7
jzéw /W’ M" 72 Y ,}.'/'- Ll S * "‘OU AJ Luff . J//J /Ecl,/' el 4 f , T -
I _(/, (/&fﬂ, Idﬁ'&_{-’f AN/ lu(/v'"w 7.4 f f()/l-f', fo g {,a" afe ¥ Ve -'.O'C ,"';'J) —AQ "/ UL ’ ¢ L f .«;'/:“'f A& / /ﬁ
1y, _—q . A ~ 4/ : g . g
g, ) — vy , o I / .
YL yY Yrlamn AL s -/ 1 9 AL 2 X r
=- Fi r L (—— B - {L {/ L ",‘ ¥ ~ L
| Az 4 1/ / N a — )
'/’.7\ i 't-- l/—}';'r: ///‘v ; //5_/: \‘_ { S — 1 —;’" e f ..'_1_‘
o [ = M . /- ) /
p onse(val ;e Vlovd it ¢ .1 [ 3CC o (on/
PHYSICS TO GO Problems below and p.101-102 #1-7
1. What is the Law of Conservation of Momentum (get it from ‘your book)? Is momentum conserved in every collision? When 1S
momentum not conserved? . ot e o . “ PR, % (I of A& SvSTos (¢
{ 3 L f o1 (Co | /2 i | ,_“:" | PR : o d ! ¢
P p aSenle o : < h@ by -
1 P - - g I/ ol J 3 p A =
p 4 7 74 —~ M Ao { t T -~ ¥ o [
f"-?,../{ AU WG ALTEC NG Atk o v. 71
f P 1 : 7 7 s - ) 2 O ¥
7 A ) ) o~ o 1 2 Cto o (Ord - o 0 AT / vl IR P A
/ (’Lj\//xdr/ M/‘//(:-t"‘_-i< TAA S v ey Arn @& &7 L / ,7} ) ek ¢ (4

/&/ { - 7, f ¥7 _j" / ) 7 / 4/
v (4] - C s i . / ol O] / P
' - Z=1{ f.{‘ j,".k, ¢rv AL EGg /{\//\/f,/ JoCL SATYE A v

2. A 1290-kg rail car is coastmg along some railroad tracks at 12-m/s. Ahead of it is an unsuspecting passenger train (975 -kg) at rest.

The two cars collide and stick together.

A) What is the momentum B) What is the momentum C) What is the mass of the D) What is the final speed
r ~  of the cars before the of the cars after the two stuck together cars? of the two cars?
collision? collision? . x5 Wil
/ YRR ~ 1790+ 175 g < LS_;?U\ !Z@‘
«/~ 11901, | lp $Grv g a7 e
&4 o _ /2 c ‘ F¥
“Ad.r ~ .’; -'.' G :(),-—-— \ ( ’L/-‘r"‘/(d
15 U0 Yol )

3. The same scenario as above, except after the collision the trains do not stick to each other. The1290-kg rail car travels on its path at
3.0m/s after the collision.

A) What is the momentum of the cars B) What is the momentum of the cars C) What is the speed of the 975-kg rail
\before the collision? after the collision? car after the collision?
T /j . -t p
IMesgines, bi- e so-2( 539, 15480 karls = (20,7 975,
%‘JU /J IS4g6 = 3876 * 975,

IPS UNIT2.9 iR Ll 2/24/06
}" bW /0 = _/_ "
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IPS-9 | JxILE - [ ntl / Review Worksheet

| 4 b

Momentum, Impulse and Energy

Part 1
Momentumisi ' “« {7 in motion.
Momentum is calculated using the equation: p=_ "/

e Calculate the momentum of a 12 kg bowling ball moving down the alley at 14m/s.

Impulse is the amount of momentum given to or taken away from an object when the
object collides with or interacts with another object. Because of Newton’s Third Law the

other object applies a force to the original object for a period of time. The amount of
the impulse is equal to the [ |

S AN, S,

in momentum.

I)

Impulse is calculated using the equation: J= AN F

e Calculate the impulse given to a baseball if a baseball bat hits the ball with a force
of 500 N for a time of 0.15 seconds when they are in contact with each other.

J = ) \ '. : /
A change in the momentum of an object can be determined in two ways:

- Method #1: If the mass of the object is known and the velocity of the object changes,
then the change in momentum is calculated by subtracting the momentum at one velocity
from the momentum at the other velocity. An equation that can be used is:

e Calculate the change in momentum when a 1,500 kg car accelerates from rest to a
speed of 30 m/s.

\ - 3 -‘.;’ §



IPS-9 Review Worksheet

- Method #2: The change in momentum is equal tothe 77
given to an object. {

e Find the change in momentum of a 2 kg hockey puck as it is shot toward the goal
with a force of 50 N from a hockey stick that made contact with the puck for 0.55
seconds.

J¢ \)]J

I
IN ~ g3

] Ve
| { {

o

in a collision or an interaction between those objects. This means that the
momentum of all the objects added together before the interaction equals their
momentum added together after they lose contact.

e A person stands motionless on a skateboard holding a bowling ball. What is the
total momentum of the three objects?

N /
r A
\ £ fii
\ J (/1
J )

!

o The pers,(gn then throws the bowling ball out over the front of the skateboard.
What hgppens to the person and the skateboard?

kil

A1 N\

J Agnr li
e What is the total momentum of the bowling ball, skateboard, and person system
after the bowling ball is thrown?

L
.

Part 2

Energy is used by objects in order todo W () ¢ ( .

The unit of energy when using kg, m,andsisaj . | £ .

In comparison to a 100 watt light bulb it would take f_ (_;_ (_)joules of energy to
light the bulb for 1 second.



IPS-9 Review Worksheet

Gravitational potential energy is calculated using the equation:
PE = ma

e (alculate the potential energy of a 1.75 kg basketball when it is 3 m above the
floor of the gym. = 19 _

Kinetic energy is calculated using the equation:

KE=_-
e Calculate the kinetic energy of'a 0.05 kg bullet shot from a pistol at a speed of
425 m/s.
) O . 11 Zz
(( 6 ’; r . [ /;

The total of the potential energy plus the kinetic energy of a system (e.g.
a roller coaster, pendulum, falling object, or even an object attached to

a spring) lsCJL [ ' /. This means that the total

mechanical energy of all the Ob_]ECtS added together does not change.
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IPS-9 20 Name: I. e i

Block/ Date:

Quiz: Momentum and Energy

Fill in the blank with a word(s) from the word bank below (1 point for each blank).

1. Potential energy is stored energy due to o

2. Kinetic energy is energy that depends on .F and

v

3. An object lifted to a higher position has gained _ |/ L 187 energy.
[

4. Inertia in motion is a description for _|

¥
5. Impulse can be calculated using the equation: impulse = i’ X time .

r

6. The amount of impulse given to an object is € () [ the change in

momentum of the object assuming all forces outside the system are ignored.

7. A _)U 6 is a unit of energy that is used if kilograms, meters, and

seconds are the units used in other quantities.

8. Ifaquantityis (¢ (vt . it means the amount of the quantity does

not change.

9. If an object has energy, it can do

Word Bank:
conserved ‘mass-
equal to mementum
foree position
greater than -potential
~joule- veloeity

less than ‘work



IPS-9 Name:
Block/ Date:

Calculations (2 points each): To receive any partial credit you must show all of your
work. Place your answer on the line next to the units.

A German Shepherd has a mass of 20 kg and is running along a road with
a velocity of 9 m/s.

1. Calculate the momentum of the dog.

%y i
ioh
—_——

L.

| A } | A ; ] & \
{' /UKgY | ¢ Y kg m/s
2. Calculate the kinetig energy of the dog.

iR 1 - B
{ 1 = ‘ ,":J

}: { n VY /*' z"ff ~ 0 U joules
(LF < [0 ’

3. Whatis the potelultial- enefgj? of the dog if it is running along the ground?

Lj\ i L 4aq j [ T4 | ¢

\/, joules

4. If the dog started from rest to attain this speed of 9 m/s, calculate the dog’s
change in momentum?

2l G SRV Y
/rj > INnles ¥ “ LE-S ,” U kg m/s
5. What was th.e impulse on the dog? i}

C i Y

QUIT¥ / D s
vV kg m/s
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IPS Unit 2:12 Hi Ho, Hl Ho 1ts off to WorkI go.

o WHATDO YOU THINK2|,— 5 |
e  Whatis work’? [ T>H 10 SN O R )
LA 10ewer € —— — Bla s ,
Vi m AL 7 od < Bl o o g g
A. ; { '- ) 3 z “,'1 - ‘. { 'I‘_l .F\*\, 'lw % ‘JIV“ ( l - L “‘:‘
/\/j/u’ —f s ,.. / - / f SO 1 j ‘;_ y = " | ol - e . } ” {\[ “,ﬂ
o Is homework really work? — £ :
> o ~ L ey & 7.
(/2 / el A, U U LA U AL g
‘ y . 7 , | Py

o A—cart 1s beiﬁqgh";)ulled along a track or lifted straiéﬁt up at a c'enstant‘"speed. In each case the
cart is being pulled to the same height above the floor.

A B) C)

1. In which case is the most work done on the cart? Why?

(~

»

L : \f _ )
2. In which case is the least work done on the cart? Why? —_— ‘ o
g nf - ) ‘. ‘u: » . ¢

(\ - }/“ ({ _'- ;1 I | 104 -‘ ) "'—.'—H’.'." "’14 ‘ll‘l j]( \

3. Inwhich case is the fmost force requ:red to move the cart? Why? [ l,“:/“ e e e L
: | | { Yool YOu Qea T i iz
( ' f 4“ u, e s SNOtTEST =~ Tetty “—
"FORYOUTODO. .« (I ] Lt

Read the Physics Talk found on page 77 in your book (read only page 77 at this time). ey
The equation for work is: Work = Force x Distance the force is applied.
1. Calculate the work that must be done to pull the cart up ramp “A.”

a) Measure the length of the track from start to finish. Record your value below.

b) Attach the scale to the cart and pull the cart at a constant speed. Make sure that the scale

1s parallel to the track. Record your value below.
)
Distance =d = ) L m
f 0/ |

Force=F = W0 N Work=W=Fxd= / |h |

2. Repeat the process used in #1 to calculate the work done to pull the cart up ramp ‘B.”
(wx 3<18)/
- 1o m X oIV L

IPS Sports Chapter 2 Activity 10 1 4/2/06



3. Repeat the process used in #1 to calculate the work done to lift the cart straight up (illustrated
in “C”) to the same height as in #1 and #2.

) 27 ~

yz - 7 i”\ § : L
/5 M’ Z [V

4. Summarize your results in the following chart.

Case | Force (N Distance (m) Work (J)
A J 1 ﬁ’ / I 2 .7.\ ’(9
B £ L & )\, £
C \4, 6 (18 [ E18
5. What trend do you notice?
\ [‘ s/ bk < b s ol
/ 3L W 4 s T ) (
P\‘) A : i o 2 A4 \-./’ i ; : 'y | " A - g
\ ’l] - ___’I % &\‘u‘{ﬁ.’ \A Ik ':_,.':Tf f’ &U/ . "e,I; ! - { "l"
6. Which case required the most work? -
= 2L 3 - 1Yy
p NG d A };’ he (Mmoo
7. Which case required the most force?
8. What is the advantage of lifting something straight up?
)
9. What is the advantage of pulling something up a long tamp. *
) )
coo Loy
2 4/2/06
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Sports- Chapter 2 Rubric  Name !r af|  Mla&rme ey

VIDEO VOICE-OVER PROJECT

3 Physics Principles (10 points L v IO 10pts.

each):You must provide a typed )\),; J’}'OF ol h er .

script of your commentary and VRS s

what you will be saying in your

presentation or recording. 2. /0 10pts. ‘

/] LS 3¢ /30 points

e (Clarity of explanation LEnvaipe Il [IeC,

e How well it explains the
principle . _ 7D 10pts.

e Is it an appropriate example ‘ ' e p

e Expanded explanation

f ‘f{“f"( L “ L

__9Calculati0n of quantity from one of / 0 /10 i

the concepts presented above.

Delivery/ Clear Presentation /7 110 points

Creativity /d /10 points

Timing 1.5 - 3 min /D/ 10 points

Handing in Rubric (Filled in) / 0 /10 points

Total g0 / 80 points

Principles:

1% Law/ Inertia
2" Law/ Net F = ma Quantities:

3" Law/ Action, Reaction
Friction / MU mass, force, weight, centripetal force,

velocity, distance, time, momentum,
impulse, kinetic energy, potential
energy.

Momentum/ Impulse
Conservation of Momentum
Centripetal Force/ Circular Motion
Kinetic Energy/ Potential Energy

Time Frame for project: You will be given time during parts of two class days to work
on your project. Your project will be due on the third class day.
FHE

PROJECT DUE DATE o/
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Michael Plasmeier | sy 6. . A
Brown 77/%2 M) Revision:
IPS 9H 3/30/2006
30 March 2006

freshmenators

NASCAR Video Transcript

Announcer: Busch Series racing On Fox!
Plaz: Special Physics Report by Michael Plasmeier, sponsored by ThePlaz.com

As the cars race around the track, the first law you will notice is Newton’s Third Law of motion.
That forces always occur in pairs, an action and reaction force. Newton’s Third Law states that
“Whenever one object exerts a force on a second object, the second object exerts an equal and
opposite force on the first object.” You can see that in racing as the racecar tires push backwards
against the road, and the road pushes back on the tires causing the car to go forward. Friction is also
necessary in this re-, in this operation, or else the racecar will not move.

You might wonder why if the forces are equal and opposite, why the road doesn’t move instead of
the race car. The answer is because the road is connected to the earth, which has an extremely large
amount of mass. The race car, comparatively so, has much less mass, therefore has much more
acceleration when the same amount of force is applied to it.

The next physics property you can notice is centripetal acceleration. Did you know that race cars
hafta push out against the track while cornering? You see, the tendency of an object is to continue
in a straight line. If an object, like a race car, wants to curve, it must push inward. That push is a
force and causes acceleration. Therefore it’s centripetal acceleration. That means that it’s center-
seeking.

This force is provided by what else but our old friend, friction! Again, without enough friction the
car could not turn or corner. If friction was magically turned off while a race car is turning, then the
car would stop curving and move in a straight line tangent to the circle. Tangent means that it goes
away from the center. Because of inertia, the car will continue moving in that straight line path
indefinitely; it can not speed up or slow down.

Announcer: Looks like a nightmare. <Flashback sound effect> What happened here buddy? Hit the
curb, hit the curb! The same place---

Plaz: Bam! That was a good crash! I don't know about you but that is what I watch the races for.
Crashes are a good opportunity to see momentum in action. Momentum is the object's mass times
its velocity. Momentum can also be called "inertia in motion." When momentum changes, that's
called an impulse. An impulse is the force times the time that force is app- applied for. So a race car
wants to increase the amount of time the force is applied for. So that means the force is less because
it's spread out over a longer period of time. That is why the race car wants to hit tire walls, and not
a solid brick wall.

There are many other physics principles that you can find by watching NASCAR. See you next
time on physics talk with ThePlaz. <Ending music>

-Page 1 of 1-
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W This activity has given you some experience with a process that
is involved in the electrical system you will use for the HFE
dwelling: using a generator to provide energy for electric light
bulbs. The generator and the light bulbs used in this activity
are scaled-down versions of the ones to be used for the
dwelling, but they work in the same way. One additional
feature will exist in the electrical system for the dwelling, the
electrical energy from the generator will be able to be stored in
batteries until it is needed to operate lights and other
appliances.

Part of your challenge is to write a training manual to help
instructors teach the inhabitants about their wind-generator
system. You will probably want to include what you learned in
this activity in your manual.

1. Make a chart with two columns, the first one labelled “Word”
and the other labelled “Meaning.”

a) In the first column make a list of “electricity words”—
words that you have heard used in connection with
electrical units of measurement, parts of electrical
systems, or how electricity behaves.

b) In the second column write what you think each word
means, or describes.

HOME

2. You know that electricity comes “out of the wall.” You also

know that it “starts” in a power plant. Draw a picture that ﬂ (;I» ,V ,}_ ¢
shows how you think the electricity is “created” and how it ’ / /
« gets to your home. ' | + 1

3. Explain what you think electricity is, how it behaves, and

! | ol
how it does what it does. (G’E/V €RA7 é

‘4. A variety of energy sources are used to operate light bulbs.
Identify as many energy sources as you can which are used
to power light sources.

5. The kind of light bulb you used in this activity is called
“incandescent.” Another kind of light bulb often used is called
“fluorescent.” Look up the meaning of the two words and
explain how they are related to what glows to cause each
kind of bulb to give off light.

6. “You don’t get something for nothing.” Explain how this
expression applies to using a hand-operated generator to
light a bulb.
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IPS - Unit 3.2
“What is a Circuit” - Lighting a Light Bulb

WHAT DO YOU THINK?
*  What is meant by a circuit?

& ~~ | . r
7~ ﬂ i ‘1_ ) U | 2
LI ]

]
: | it I 0 [ ¢ ( . ; s i .“ "I LA )
b P g e Elec , al {Pwe Urom @ SOCAG |7 L/ )ch

e  What parts are needed to make a circuit?

LpuiCe ¢

FOR YOU TO DO.

Use a single “D” battery, a single bare wire and a light bulb. Find four different ways to light the light bulb using
only a battery. one wire and the bulb. Sketch the four different ways on the battery drawings shown below.

~

™

1. What are the two important parts of a battery that must be used in order to make the bulb light? Draw a
battery and label them.

2. What is a source? Give some examples of a source.

o,

IPS - Unit 3.2 Page 1 4/20/2006



What are the two important parts of a light bulb that must be used
in order to make the bulb light? Draw a light bulb, show the parts
and how the filament is wired.

4. What is a load? Give some examples of a load.

f {\'Tf‘f\f T A
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5. What does a circuit mean? Write your own description of a circuit using the terms that were just defined.

(,T /r‘ ) : A i \ ('t

6. Use the battery drawing at the right to sketch a way to light the light
bulb using a "D" battery, two wires and the bulb. This time the light (_\
bulb may not touch the battery. Use your definition of a circuit and <\
what you just wrote about the parts of a battery and a light bulb to 5 ‘A\ /
first predict how to wire the circuit. Then show your drawing to your {
teacher, get another wire and test your hypothesis. \ }
|

7. As aclass write a complete definition of a circuit.

IPS - Unit 3.2 Page 2 4/20/2006



8. Wire a complete circuit using a battery holder, switch, socket, battery, wires, and light bulb. Draw this circuit.

L”f
i‘
_f ¢

9. What is a switch? How does a switch work?

N Ll )

._)Qf‘_ T ho A { ML C_()q,.’f(_; = Lol & o 4 » N~ . ,\- N )

Instead of drawing a diagram, we have developed schematic symbols to illustrate different circuits.

—

10. Make a table of the schematic symbols for a battery, light bulb, open switch, closed switch, wire, and junction,
which are on page 62. (The rest of these will be revealed in a later activity.)

\

battery {- wire
l
light bulb " junction (wires connected) e
/J““r 3 o

@/ switch - open switch - closed
1 v et0 -0 l) enc J({f ‘\“H———%\
ammeter (ask teacher) voltmeter -

,,_@__, ’é )
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11. Draw a schematic drawing of the circuit that you wired and sketched in #8 with the switch closed.

B g o 4

12. Draw a schematic drawing of the circuit that you wired and sketched above with the switch open.

L

¢ ]
&
: )
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This type of circuit may contain
thousands of tiny transistors

- ELECTRICITY CROSSWORD Name
—
1
v
V| [ L2 Q] [6
Bev X
." y s ‘ r'f-‘
‘ _ 7 Bl mIwm Il 11
L H [ / 1 Lo
9 10- | o |~ L -y \
7 Al Ell Q
; A
1" P\J ,\ \‘I s ' \
()
ACROSS DOWN
Q. Made from semiconductors and need \ Measures potential difference
little voltage 2. Current that changes direction
\é\ An eiecir 'Ck. : converts electrical “4. Magnifies a small electric signal
_ energylokinetic energy. 5. A device that produces current by
8. Measures current moving a magnetic field across a wire
Changes alternating current to direct 7. A semiconductor material
current 10. A device that uses electrons to

produce images on a screen is a
ray tube.

. Physical Science IF8767

©Instructional Fair, Inc.
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—  SERIES AND PARALLEL CIRCUITS Name /1€
B

S

ttery E Battery

d.
)
( p,
), Wy -

Answer the following questions regarding circuits A and B above.
1. Label circuits A and B as series or parallel.

If bulb a burns out, will bulb d sfill light?

If bulb f burns out, will bulb g still light?

If bulbs b, ¢ and d are burned out, will bulb a still light? I\

If bulbs f and g are missing, will bulb e still light? ),

S L

Draw a diagram of a parallel circuit having 3 light bulbs, 3 switches and a battery.
Each light bulb is on a separate switch.

rﬂ_._{: __*,_%4 -

1

7. Draw a diagram of a series circuit having 3 light bulbs, one switch and a battery.

w

8. Would series or parallel circuits be better for wiring Iigh"r ina house?

Why') -":I 0 / ,.,A Y | i {

i -

¢

\C.  Physical Science IF8767 @5 @Instructional Fair, Inc.
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UIZ Unit 3.1 & 3.2

Name:

1. Look at each of the following pictures. Write two things: a) Is the bulb “lit” or “not 1it”? b) Is there

current “flowing” or “not flowing”?

Bulb is: Bulb is: Bulb is:
lit \not lit lit not lit lit not lit

g Current is: Current is: . Current is:

Fﬂowiln'g not flowing « flowing not flowing Alowing not flowing
*
Bulb is: Bulb is: Bulb is:
lit not lit lit not lit lit _not lit
- Current is: Current is: _ Currentis:

flowing not flowing flowing not flowing flowing/ not flowing
‘f‘ N / 7

-

ub



IPS-9

Short Answer (3 points each):

Quiz Unit 3.1 &3.2

2. Explain the difference between a series and parallel circuit.

GO
/

|
i 2 |

i

3. Draw a schematic diagram of both a series circuit and a parallel circuit. (Use

correct symbols)

T

4. If one of the 3 lamps blows out when connected in series, what happens to the

other 2 lamps?

¥
\

5. If one of the 3 Jamps blows out when connected in parallel, what happens to the

other 2 lamps?

Matching (1 point each): Place the letter in the space of the descriptidn from the right

column.

l / source

,/,) load

i switch
current

1 filament

A\

B.

L¥ b

a device which controls the flow of
electrons.

a device which uses electrical energy.
an amount of electric charge which
passes a point in an electric circuit in a
certain amount of time.

a device which provides the push for the
electric charges

a thin metal wire inside a light bulb
which gives off light when an electric
current passes through it.



IPS: Unit 3.3 “Using meters”

WHAT DO YOU THINK?
e How do you measure electricity?
“t. U0 I,

' T guess oy ool e cofeen fr
FORYOU TO DO.

Using an ammeter

An ammeter is an electrical device used to measure the amount of current that flows through a wire. An
ammeter is wired in series with the rest of the circuit. To measure the current going through a given wire
you have to break the circuit and insert the ammeter so that all current goes through the ammeter and then
the rest of the circuit. The ammeter has two terminals, one black and one red. The black terminal is placed
in the circuit so that the wire connected to it is closest to the negative terminal of the battery. Closest is
decided by following the wire directly from the black terminal through any other devices like light bulbs to
the negative terminal of the battery. The red terminal is wired closest (along the wires) to the positive
terminal of the battery.

This is done as illustrated at below. We are using a “D” battery placed in one of the yellow battery holders.
If you wire the ammeter backwards the needle will deflect the wrong way. Immediately turn off the
switch and rewire the ammeter in the opposite direction or reverse the battery.

An ammeter measures/J Mmes « Cle e ul
T 1AL Batté il{ '_/
<M—-
li'ln-] l—l‘lﬁte r j L.lght BU] h
——{o) e

Switch

How is an ammeter wired in a circuit?_

What is meant by a series circuit?

Current is ¢ | o of . { Ndrap

A h
The symbol for current is ’% L The unit for currentis__ //,# [ ¢

IPS: Uit 3.3 1 4/24/2006



Here is a schematic of the circuit that you just wired. Measure the current
passing through the circuit and record it on your drawing.

In the last circuit the ammeter measured the current before it went through
the light bulb. [s the current different after it goes through the light bulb?
Make a prediction and explain why you made the prediction.

/
Is: Iin> low /Tin = oy lin < Touss
oo

i b

B

- Black w
Red ¥+ 7%

Ko

In order to find out move the ammeter so that it is after the light bulb, as shown above, and measure the current again. Was your

prediction correct? , o *1 :
\/ ) mIT 4= T 4 Ul

What is true about the current in a simple circuit (the circuit above)?

ot desn

- ——
-

Y
/ P = i |
r Mot ff(i-}{.h{‘;’l('f‘ Seme Wiee ‘){:-.»5 Jﬂ-m
','T_‘\ " (-7
= M2
P
hg(ll’f | pest1o?
, L \\ P
i \r-“m
e v

[PS: Unit 3.3

)
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Using a voltmeter

We are now going to add a voltmeter to the circuit, leaving the

ammeter in place. A voltmeter is an electrical device used'to measure >
sthe potential difference (potentlal drop or gain) between any two points

in-a-circuit. A voltmeter is wired in parallel with the device that you

want to measure the voltage across. To measure the voltage between

any two points in the circuit you touch one terminal of the voltmeter to

one point and the other terminal to the other point. The voltmeter has Black | - +

two terminals, one black and one or more red. The black terminal is

placed in the circuit so that the wire connected to it is closest to the Voltmeter

negative terminal of the battery. The red terminal is wired closest to the positive terminal of the battery.
This is done as illustrated at the right.

1“‘1, - Elack
L o \E_, ack

Red

' ) 4 L
A voltmeter measures_ | ¥ /0 ! P,
How is a voltmeter wired in a circuit?_(n  Pgtca [/
What is meant by a parallel circuit?_( AR : b
Voltage is Tf IPU‘\-Y" D i {) L ( J 2
l }

e 5/ . ] A

The symbol for voltage is The unit for voltage is_ V< ! '~

Measure the current passing through the circuit (I) and record it on your drawing. Measure the voltage loss
across the light bulb (V;) and the voltage gain across the battery (Vs). You do not need 2 voltmeters. You
will measure the voltage from one, the measure the other after that.

'-.,.»'B =

Voltage gain of the battery Vs=[ , / 2 )
Voltage loss of the light bulb Vg = f _

How do these two values compare, are they relatively close in value or way off?

IPS: Unit 3.3 3 4/24/2006



Using voltmeters and ammeters to analyze circuits.
Two bulbs in series

Wire the circuit shown below with two light bulbs in series.

AAr 7

Voltage gain of the battery Vs= } : /v d vol

1)

oo

Voltage loss of the light bulb #1 V= &

Voltage loss of the light bulb #2 V,= f: f j

How does the voltage gain compare to the sum of the
voltage losses, close or not?
Explain why.

L

Are the bulbs bright or dim? i .

Two bulbs wired in series and two batteries in series.

Wire the circuit shown below with two light bulbs in series and two batteries in series.

Voltage gain of the batteries Vg= “Q ([C e
oltgeliss cabelidebulbm = / WL

i

Voltage loss of the light bulb #2 V,= )l q 1)

How does the voltage gain compare to the sum of the
voltage losses?

} J¥ i
iy

Are the bulbs bright or dim? ) (P j- 7 b4 () ( has pure @

IPS: Umit 3.3 4 4/24/2006



AN ELECTRIC MOTOR Name

™ abel the following parts on the picture of the electric motor below. List the function/
purpose of each part.

“ s !J N \
horseshoe electromagnet (or permanent magnet) (1 (" LufC (¢
TG ‘ T _ .
amature 1Y Spipwd  Thirg wedi fu mafer Yaud Qrolue Ty
Li\"\_\’ﬁ‘l / }. \‘.-(.'4 \\(’(‘ nn . ) ‘; T d X,

commutator _(C 008 T elon o Coltlen

!:\ vt ..‘r rFP

N o) i )
brushes (+ and =) _[FLo)  gaqg 0t 70 oMM TATAT  T0 B Py
ﬁeld CO” qi)“)\ : f 00T . r,"", rQ .*' f / 24
whe

current source _WRE [ 9 7

(_f/
(f ,'f‘,) ol 1

ﬁ‘
(
/‘
Physical Science IF8767 Q6 ®©Instructional Fair, Inc.
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- AN ELECTRIC GENERATOR Narme liclas

Label the following parts on the picture of the diagrams below of an alternating current
and a direct current generator. List the fun‘ﬂc’ri?n/purpose of each part.

{rl r g .
‘ | (7 07

) el
wire coils_Ndvt  ¢lecidic

brushes ?’u(r’ daa /15 Lot Wt p0a 10m lpaTip

slip rings (A.C. only)

commutator (D.C. only) [ /"¢

|

armature

\
magnet_~ Ahate ¢ g

]
VA8

L \ : (

Direct Current Alternating Current

* Physical Science IF8767 Q7 ®©Instructional Fair, Inc.
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[PS: Unit 3.5 “I Just Couldn’t Resist Lighting Up Again”
i /
WHAT DO YOU THINK? (]
e What affects the amount of current passing through a circuit? | | 14 \\
A R jrocowaX X |} AR P
| LS oy e lage FER\ X =
How can you dim a hght bulb? =~ 7 [ o AP ¢ =T e
f Ve ” ~ e, g N T 1 . Lo LS L )
,” C ,,.“ { G ) f LW\ r /; ¥ ,} f‘ (/ /’/r/’// I[ \
\ ¢ \/n 148, o # /

FOR YOUTODO. (|

(€505 }‘('jf' ?
. .

—— *jf
1. Wire the circuit pictured in the schematic at the right.
Your teacher will give you a long piece of copper
wire about one meter long. Measure the current
passing through the circuit, the voltage gain of the
battery, and the voltage loss of the bulb and the long
copper wire.

y
Current passing through the circuit: I= 00 1

Voltage gain of the battery V5= _«/ abl
N\ F

Voltage loss of the light bulb: Vg= /5 5 ’/

Voltage loss of the copper wire: Vew= (117 | ),

2. Wire the circuit pictured in the schematic at the right.
Your teacher will give you a long piece of nichrome
wire to replace the copper wire used in #1. Make sure
you spread out the wire so it does not touch itself.
Measure the values shown.

r o rdchr ot
Current passing through the circuit: I =, (j S 1.';1'1-Je ’
Voltage gain of the battery: Ve=") 5t/
Voltage loss of the light bulb: Vg= /‘ ‘ j ] :

Voltage loss of the nichrome wire: V=

A

3. What happened to the current passing through the circuit in #2 compared to #17

A7) | )
ni J CHr s Pf T), 1
IPS: Unit 3.5 1 ST A U A
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10.

11

What happened to the voltage drop across the nichrome wire as compared to voltage drop across the

|
copper wire?__! - /J

—

What happened to the brightness of the bulb when the nichrome wire was used? _ f

Which wire is a better conductor of electrnc:ty the nichrome wire or copper w1re° Think about this a

; o ) |
little before you answer. (9{ 00/ }fv".’—' ‘hichfgM? Nas  futin o 4
. . ] ‘ .
[LRL d o1 Q- DU W JC
7= i "
Which wire has more resistance? /| ( (¥
] \ ‘ |
What do we mean by resistance?_- <« ne it

Hroul ot o L

What is the unit for resistance

What is the schematic symbol for a resistor?

Complete the following table. Length of Current - I Brightness of
wire amps bulb
Start with the circuit that you already wired with the Full o B
long nichrome wire. 06
Loosen the screw on the meter and shorten the 1 /2 Cﬁ
nichrome wire so that it is one half its original length. . ﬂ 9] , .
Shorten the nichrome wire so that it is one quarter of 1 / 4 X ¢ v
its original length. | (
Shorten the nichrome wire so that it is one eighth of 1 /8 « B |
its original length. 1) B
f
12. How does a dimmer switch work? | & n{c
MolUfs (B /onias
2 5/1/2006

IPS: Unit 3.5



13.  Take out the nichrome wire from your circuit and insert a dimmer

switch to complete the circuit. Turn the knob on the dimmer switch | |..|
and see what happens to the light bulb. I

: ; g 1 . _ Rheostat
14. What is a rheostat (dimmer switch)?___ QU (o - /(
|4 r ! \ ’ ‘
Thrtofllf ﬁ:c‘.-’;- [ waliaga v T2 Vg
1) \

15. a) What is the schematic symbol for a rheostat?

b) Draw a schematic of a circuit with a battery, light bulb and a
rheostat (dimmer switch).

.f’
] (0D )
\ Y
i. ~ 1
] i |
S Y W
v

PHYSICS TO GO. , |t slatemit gt cu

Ve

Ohm's Law Problems L
What is the equation for Ohm's Law? &, A0 S

- N

Write the equ‘ation in the memory circle at the right.

Show the equation and your work to solve the following
problems.

1. When a given light bulb is connected to the 120-volt outlet of a house a current of 0.4 amps passes
through it. What is the resistance of the bulb?

/ | -~ "
Py o V="« K V/]
- I’ | . :
) .\F , / b= I clamd ) ~ 19,
> e ‘.'\. .
¥ ' “f:! [ \_\ -
L. 71
l\
Over U]+

“ -
fer « mpee

IPS: Unit 3.5 kKl 5/1/2006



o]

When another, brighter bulb is also connected to the 120 volt outlet of a house a current of 1 amp passes
through it. What is the resistance of this bulb?

RV JT
{ ‘

£ 2 ';1

¢

When a toaster is plugged into the 120 volt of a house a current of 10 amps passes through it. What is
the resistance of the toaster?

(OS]

4. A hair dryer has a resistance of 8 ohms. How much current will pass through it when it is plugged into a
120-volt outlet? )
0 /
; - "/f"/l\

—

. 4 5/1/2006
IPS: Unit 3.5



o

[}
|

Name:

Unit 3.5 Quiz

Draw the schematic diagram of 2 batteries connected together in series. (2pts) 'L/

1 ]*f ~—

What was the voltage gain of your 2 batteries connected in series? (2pts)

volts

Which wire had a larger voltage loss? (circle one) (2 pts)

- S
. s 5 A
copper wire rqchrome wire

Which wire is a better conductor of electricity? (circle one) (2 pts)

4 ail 7- 7\ . .
/ copper wire nichrome wire

C

Draw the schematic symbol for a resistor. (2 pts)

“ANNIN—

(circle one answer) (2 pts)

A rheostat is a: —
a) voltage source Cc)_variable resistor ~
b) conductor d) resistance meter

Write the equation for Ohm’s Law and draw a memory circle for the equation. (3 pts)

List three properties of a wire that might affect its resistance. (3 pts)
a) {7“:‘.'7—‘ N[ A

b)

c) .
besT o us¢
What setting of the voltmeter is,u-sf%o measure the voltage loss across the long piece of copper wire

in step #1. (2 pts) e
a) 200 volt maximum scale ¢) 2 volt maximum scale
b) 20 volt maximum scale (d), 200 millivolt maximum scale

./
N



IPS UNIT 3.6- Load Limit Name: | 1004 Migote <

WHAT DO YOU THINK?
e What is a fuse or circuit breaker? _

& ( L\

(C'{(”'.. . c w1716,

e Exactly what conditions do you think make a fuse “blow” or a circuit breaker trip?
M. A fv,_'_.‘ l'-’ /"..' /

UALRQ ¢ 7 U [ "1 O¢ wid 1Y v’ |

FOR YOUTO DO

1. Your teacher has an apparatus with light bulbs that he will use to show what a fuse is and how it works. Before we
can do this, it is worthwhile to examine how the whole circuit works, then we will focus on what a fuse is.
Your teacher will demonstrate the basics of the circuit now, including the use of steel wool.

2. Are the bulbs in the apparatus wired in series or in parallel? How do you know?

3. Is the steel wool wired in series or parallel with the rest of the bulbs in the circuit? How do you know?

2 s o i
- . ‘ L all <. | al, / 4 .!
o o vlows al] th akls go ¢

There is a formula that includes P - Power (Watts), [ - Current (Amps) and V-
Voltage (Volts). Here it is: P

P=IV
IV

It can be put into the memory circle as seen to the right.

4. Based on the above equation, if you increase the amount of current (I) that flows in a circuit, and the voltage (V)
is kept the same, does the power (P) used go up, down or not change?

@ VP
YAl

5. We will now find the maximum amount of current that can flow through one strand of steel wool, this is also
know as the “load limit”. We will also find the maximum amount of current that can flow through two strands
and three strands of steel wool. To find this load limit, the maximum current (in amps) that the circuit can
support, we will light bulbs in increasing order of wattage (thus increasing the current flowing through the
circuit) until the steel wool burns through. We will then calculate the maximum current the steel wool can

P
take. We rearrange the formula P=IV and solve for I and we get 1= —. Fill in the table on the next page based

on the data we collect and this equation.

IPS UNIT 3.6 1 5112006



Voltage Current flowing in
Blusikes B stanks Nl pawEr from PECO syisters, Load limit
AL AN 2¢C 4
1 lf 5 W )/_z O l./ /0 n‘\ )
X S . [ | 72¢H
/ k;. fom ” )
: 20U | (2.65%)

6. Suppose your parents are going out to dinner. They don’t want you playing on your PS-2 while they are out, they
want you to study. They know better than to trust you. They know that the PS-2 uses 270 Watts of power, but
your reading light uses only 100 Watts of power. How could they use steel wool in a similar way as above to
keep you from using the PS-2? Explain fully.

g = J OB 7 | I

> [ o y |
(o) y - . A

| =
7. Notice that in each case in the table above the current gets big enough that the steel wool glows and burns. It "/‘U’ Fp‘f']
turns out that this can happens with any wire, including wires in your house. If you send too much current ¢\
through wires in your house, by using too many appliances at once, the circuit will become unsafe, making the".
wire get hot and possibly starting a fire. Having a fuse is like having a piece of steel wool in series with the
rest of the circuit, it only allows a certain amount of current to flow before it burns and allows no more current

to flow.

v¢l

8. The fuses that we use in class will allow up to 15 Amps to flow through it. Based on the table above, how many
pieces of steel wool would you have to use to have the same effect as the 15 Amp fuse? Explain.

— a )
/ | Y [ 1 ey
Fe€Qun [ ¢ {L EXY

Schematic Diagrams

9. Your teacher will light only one of the bulbs using one piece of steel wool. Draw a schematic diagram of the
circuit, including only the one bulb that is lit, the power source, wires and steel wool.

IPS UNIT 3.6

L

5/172006



10. Your teacher will now light another bulb. Draw another schematic diagram, similar to the one above, but now
« with two bulbs.

1

I'1. Suppose your teacher were to light all 5 bulbs with only one piece of steel wool (not likely). Draw a schematic,
similar to those that you did above, for this case.

12. Read PHYSICS TALK on page 57 of your text.

/

v
Reflecting on the Activity

7
"{f[){' Jlff’r"{'

-+ <D | [' | | .' ) 1 N " ; Aol -/ L _/ oLy
[ ! ! ) .l
( T -b{;-”q,_';;‘r

) A N L P 2] J )
KU & {/ W - \/00 L VOU Ju_:} bt ]’:Pf,_ A \

da Oc
L/. DR /’3\/ ~ = ?ﬁ{ V1061 jG & n

SV
Oleaor 7 CoTxP mal

/q:ﬁy“{;n-(\'g i; adds b <2Y0O0 W o

A = 1 | ¢ - ) 1. ) ). . A '
0 . LV V- [0 (5 - P 1800 Lv'/(;,j (N O(j ®aulyr Do lls

J
)
/|

\
| a1
W ¥ (FL-

<
® /iy snp e < o
LW A Y . § ~ . B ~ ) .
1o W P /8.0 W =) T+ F/b/} T <€4L.X/ /1975 ) « Chowee]
){07 { L4 - | ¥ C(/ Iy :. & i’, ‘;f - \J ;’.‘(‘t,:‘ y
) P: -T ‘V '-‘) ,,L ’ Joy — ~
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IPS: Unit 3.7 "Short Cuts" f\ el Qlagred
WHAT DO YOU THINK?

e Whydo houses have c1rcu1t breakers or fuses?

7 4 :‘."‘ o ‘l'Q L-"‘"\C#‘L)f A\ [E‘(_ f'i y _"/" (L / {‘ AR 1’[ ) f1 . i

r/’

Iy il 8 ~
J ey Cih (i

e  What is meant by a short?

f{ -. " . ' i "L oWl Ao
NP Ie | At +r ] [
FORY(OU Topo. ! Saen 1 le

Wire the circuit at the right, read the meters to get the following

5 ]
measurements, and write the values on the schematic. |—®—| Vo=’ L/
. . . - L

Potential gain at the batteries.

”
£ <31

Current passing througﬁ the circuit,
0 n
A

Place a wire between the terminals of bulb #1. as shown at the
right. Measure the values shown and write the values on the
schematic.

1. What happens to each of the following?

a) the current, [? 'MM, (,0 ': 'r},\
b) Bub#1?
¢) Bulb #2'>~’ |

o The voltage across the batfery, Vi 9

. Why does this happen? @l aq

/
[, O ). |
--\: | ‘,'%) [ ,‘ { .. 1. A .1.’"'

v
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Place a wire between the first terminal of Bulb #1 and the last
terminal of Bulb #2, as shown at the right. Measure the values
shown and write the values on the schematic.

2. What happens to each of the following?

a) The current, 1? R v
| nceasts o let g LA

b) Bulb #1?

¢) Bulb#2?

r)
d) The voltage across the battery, Vs?

l s | .jf’
[ c‘{/}.’j T \ | #i

OK, we learned that our homes are wired in parallel. So what
happens when we have a short in a parallel circuit?

3. Wire the circuit at the right.
a) Measure the current coming from the battery, the
potential gain across the batteries and write the
values on the schematic.

b) Use a colored pencil to show the path(s) taken by the
current.

4. Place a wire between the terminals of bulb #2, as shown at

the right. Measure the values shown and record them on
the schematic.

a) What happened to the current, 1?

b) The voltage across the battery, Vs?

WM

c) What happens to bulb #2?
0v

d) What happens to bulb #1?

A

h) y

IPS: Unit 3.7

5/1/2006



e) Why does this happen?

0 D £ - :,- ]
I'{_‘l L AW ] i

f) Using a colored pencil show which way most of the Surrent goes when there is the short.

5. To protect a circuit fuses or circuit breakers are placed near the

source.
a) What happens to the fuse when there is a short like the one
shown? ) . \
\ & T

b) What happens if there is a circuit breaker instead of a fuse?

T,, Ltecen LOCALU s 5w, { ot (A

Electric Power

What is the equatio} tfgrr ?ower‘?

Write the equation in the memory circle at the right.
What is the unit for po\wsr? »

What is the unit for curjrcnt‘?‘-: ’

. . b g g
What is the unit for voltage?
Vi

So that means that the unit for power is a W = Qmp X

IPS: Umit 3.7 3
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1. A 40.0-watt bulb is connected to the 120.0-volt outlet of a house: }f—;_x—\_ "'
a) What current will pass through the bulb? ; } '

: i \
Given: V= ]?O Solution: I = {) .ﬁ} 0. LA

- b T Py

T- G

b) What is the resistance of the bulb? [
e AT
. 7 . ?/' () [ 21T |
Given: V= L 6 Solution: R= 0 A \ (N} 1|
'_f”' J O "‘f"-*- ]
Q< {20/132

2. A 40.0-watt bulb is connected to the 12.0-volt power supply of a camping trailer.

a) What current will pass through the bulb?

Given: V: lQ Solution: 3¢ 2O £ (15
\ Y
y - 4/
- Up T s/
b) What is the resistance of the bulb?

—~ 7
Given:v 19 Solution: 30 b -(L

-t
b X\ /|
AR & : !
. n NN "
“ ) 4 d ]

A add

e

; 12/ 99
A ef " LA

t

Compared to a 40 watt bulb used in our homes, a bulb operating off a 12 volt battery can have the same power (brightness too) if

it has _» g Q) ﬂ current passing through it. In order to have more current passing through it, the resistance of the bulb operating
off 12 volts must be f@ O than the resistance of the bulb operating off 120 volts.

3. An electric heater with a resistance of 8 ohms is plugged into a 120.0-volt outlet in a house.
a) What current will pass through the heater?

~ )
Given: [ - ) L Solution: | , > }(«- p
J [Y U

7
] = V/{

/3 » i
i\

b) What is the power of the heater?

Given: _i_ - Solution: - /
- {( _g' v v J .
_| h [J [.' gj}m .
\ oA N J V
VA 0
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Name: ) nd Fgu
Unit 3.6 Quiz -
4™ 1. What is the purpose of a fuse? (3pts) . . . : [ {
' N L. e (4 ) ; ) ! . 4 f eyl Wwn 1
1 TG ox cYvioor iP5 fop S (e &YY!L « LY ' {
WMh  |ad  wg olaced on 1 ‘e ' L Yo H hel

2. How does it work? (3pts)

B Cre i | o W@ Hat G ooly Spper
" ‘ ! j r@g.\\," ji Cr!r {/.." g £ D » 4 } . ‘ J; [0y —rf? E; [\\gf)“.u

0T cudel S s

3. Draw an example of a schematic diagram with a fuse and three bulbs in parallel in a circuit that works (the
bulbs light and the fuse serves its purpose). (4pts) The symbol for a fuse: /\/

-
: ; )
ia it /

— @ . |

——— 3} \ ‘.‘. %

4. A VCR uses 22 Watts of power in a standard United States outlet. How much current passes through the
circuit? (3pts) (You need to use the formula from “Load Limit™.)

AR 7= P/y

e,

ChA)

|

{

/ a1/ —
- | / / v J 4;
\ ) | . \ ‘ ¢ ; -’_-} { B
= i~ F ‘ " . -
- 5. You hook up a 100 watt bulb to a standard outlet. The circuit has a certain amount of current that passes

through it. Suppose you add another 100 watt buib (in paraliiei as we did in class). How much current flows
through the circuit now, as compared to the single bulb? (3pts)

L bvlb
T FJJ J"ﬁyy
= 160/120 T = 206/



| Mihag) Pl
e 37 4

E#éciﬂw & katind wgfor

§% s/
o What ss Tk vaast ef{igat way of boglieg wett? ~
e “lmm

K —Mp!ﬁe oSk Lyl fres,, ecat Iha_.z_(»tﬁmj_l&_&__
-4 — imreredr atle.

3 |

e | Gt 200 ] of water S 4

2 - 960 Za

3 IR i

i AZRE f”’mmﬁ

4 A0 w cangimplin ~ 800w o put-

B GO weconic |

3 SYL

Y

3 b—You_netd b vewyre ouiclly bpraose Ta Mff’ wilf

P Cad down amc(é/f yCtare \ou can. hefma

: Qc ”o-l—pébfe

ke _ 200ml 2209 23°C befur€

k| - 900u/ mnsmwffa/\

E ~Lonin Mo Hill £ 7Y

| it

o ¥ M mL/ 290597. ?3 C

= ‘200\” Cﬂngurﬂpf(an N

3 Amo 2 ee tll $7°C

E ) $ Jodk’ﬂ |

#‘(\ mtcwudﬂ Enm\p l (00\,&50 Bres ?%000 Jousz

{_Haiplch@: »Eﬂ!(m; - (30[')11 * UGS sec - IEQSODJO Ules
4 CDH = t’ﬂﬂ‘(ﬁ‘}l- 200w, ~ 1§ 2sec = /3 L'DO \\W,!S




Jf'bom

(eed dr

CA ﬂf mmﬁ:ﬂfso.n ngs m'ﬂ r!”d[/y I/d.r/ fZ/ gf//m’//a/’w if

Cup  nde hm.o er/ (05 S

d:ﬂd ‘h«.ﬂ LO’L D{d‘}r w:”h;pmt’? Q'C{R' il Lu‘{"l

retal cap ) aladd

/ Lfo Yo rongtedtion 1 ﬂalff/{acfu;y_ﬁﬁ_&_fgﬁzr/f_%—f

lblms < pat,

ﬁ,eo h’ 9\"[”@ amﬁ IVAGC ot flrm’l 501’/’/{‘(‘\4
! and {arx, e

Physidto G

/, Nes  malea b do ﬂffcﬁ £llign st, Sorme et 47”«""”«1,

hedt Mu_ﬂa_v_fm_ux_pfd_ﬁ,_f__m_f_éﬂi

Ear paﬂ b pla ste bor ylindie “and _hendle

Z P M((‘(Owdvf’ Can ia o %n Jut b “""f

éQ !d(‘ o l]v" ﬂldg"’ ﬁ’ fL( {adr L/f Hf"c’?""(

\ater ﬁ:l"d rafJa.«: fo"ﬂ r) d.nf < I‘-r g4 XGLS

2. Lo mer EyrncdT o "”'gaj/ka C 4o qefic

Aedlo{fﬂfﬂ(@ 78479 § Thn ramﬁd-’i" s $o

{e EM(W 0660({ Jﬁp/rﬁf’fﬁ

ty

g; 50 < Tioia - 05000 § € Bl -

& & i
Faecgy < 1200w X D)ec = 2.28,000)

&N

,Paw:.]uwoxz?o:uoom? 1YY, 000§ pecday, ¥ 260 das/ver
J - 3049Y 0000 )




5 7 Qbledion

A@acnf Ly %WL/MMW el atoon

ks / / i e
7t£m Mﬂ J’m 2l

4_‘»' i ll/al 2T {4 Yal€ i

e &)
T m_ A
) |
!. . JMJMIAW_ Wit 4’ L '.f
2R 71N 7
MM ; of | b food

Mﬂ /@M,@‘M

C (LQL@

[(/m’/m gy (vrmen’ AJLQ;M

2Tl /md/ szwmj 7»Lo HFEW

Thio meand /zmﬂf' qﬂp

'W/é' A AT l/{:ﬂz""? '7_'1_.-5"' Q’ZM/

j—f Jﬁu [ Wmnk
0/0 LA £l [

Thaw e D upt thdt  bigrd ﬁ detoent?’
Lo Avten |

/VVEE%ZQ__MM‘_—

A Do gl Ope T Yal ¢4

i

'fold( F,,,gfgy useade boe 049 £ kuh







CALCULATING ELECTRICAL Nome [Tichgu! Py )

..ENERGY AND COST 4 CE=4 _ A
One kilowatt hour is 1,000 watts of power for one hour of time. The abbreviation for
kilowatt hour is kWh. E

.
Example: A coffee pot operates on 2 amperes of current on a 110-volt o
circuit for 3 hours. Calculate the total kWh used. kttery
1. Determine power. P =V x| kWh = P x hours
= 110 volts x 2 amps kWh = V x| xhours
= 220 watts . 1,000
2. Convert watts to kilowatts: i l =X
220 watts x _1 kilowatt = 022kW T \/ | (- Ll
1,000 watts i 1/ 1
3. Mulhply by the hours given in the problem: 2
0.22 kW x 3 hrs = 0.66 kWh 5
Solve the following problems. 4
1. A microwave oven operates on 5 amps of cur_reln‘r onal 10—volf C|rcurr for one hour ke 5
P, Calculate the total kilowatt hours used. €6 (W p Jol S50 x fhve DLZY 6
.. : J P
2. How much would it oosf to run the mlcrowove in Problem 1 if the cost of energy is
$0.10 per kWh? , 5 4 ‘ h <\l
3. An electric stove operates on 20 amps of cuirent on a 220-volt circuit for one hour.
Calculate the total kilowatt hours used. 4. Y ., 20~
4. Whatis fhercosf of using the s‘rove in Problem 3 if the cost of energy if $O.10 per kWh?
{ | L I ‘
5. A refrigerator operates on 15 amps of current on a 220-volt circuit for 18 hours per 7.
day. How many kilowatt hours are used per day? . < S
6. If the electric costs are 15¢ per kWh, how much does it cost to run the refrigerator in
Problem 5 per day?.._ & . 7/ ‘
7. The meter reading on June 1 was 84502 kWh. On July 1, the meter read 87498 kWh.
If the cost of electricity i in 'rhe areq,was 12¢ per kWh, what was the electric bill for the
month of June? _4 % °
" 8.
o™ 8. Aroom was lighted with three 100-watt bulbs for & hours per day. If the cost of
electricity was 9¢ per | k h, how much would be soved per doy by switching ’ro
60-watt bulbs? .,/ 300 ¥ € < 1500 [1oog = 1:$
Physical Science IF8767 aaa Q4 kg § " 7 " @nstructional Fair, Inc. ﬁ
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Name

CALCULATING POWER
'i

P=Vxl
Power (watts) =

- Voltage (volts) x current (amperes)

Solve the following problem:s.

1. A 6-volt battery produces a current of 0.5 amps. What is the power in the circuif?

4 -~ (,)

) , . /
p {
. ‘, ) f :
VA VRV \ 4

{

2. A 100-watt light bulb is operating on 1.2 amperes current, What is the voltage?
‘\/ = ::-g;::‘: "."I’: l_. . ) /‘)‘

3. A potential difference of 120 volts is operating on a 500—wc11'r microwave oven.
What is the Currenf being used?

‘F.’”{ = H(" ) [

|

4. Alight bulb uses 0.625 omperes from a source of 120 volts. How much power is used
by the bulb?

1
{

[

5. What voltage is necessary to run a 500-watt motor with a current of 200 amperes?
- “ A ‘

~

Physical Science IF8767 Q3

@Instructional Fair, Inc.
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Appliance Usage List http://www.psnh.com/Residential/ReduceBill/Applianceusage.asp?ref=...

By

Appliance Usage List

« Use the Appliance Usage List to determine the estimated cost of electrical items in your home.

» Some items were not included in the list due to their relatively low monthly cost.

» Typical monthly costs are based on a family of four.

« Totals do not include the monthly customer charge or meter fees which may be part of your bill.

« Percent On Time is the average amount of time the appliance is drawing electricity when it's in use.

To get a customized monthly cost of everything in your home try our interactive Energy Calculator.

Percent Average Average Typical

Appliance V-I\P;?ti;;:e Qn Hours Monthly Monthly
Time Used kWh Cost
Air Compressor - 1 H.P. 1000 100 20 20 $3.18
Air Compressor - 1/2 H.P. 500 100 20 10  $1.59
Air Compressor - 3 H.P. 3000 100 20 60  $9.53
Air Compressor - 6 H.P. 6000 100 20 120 $19.06
Air Conditioner - 10,000 BTU 1000 Fis 200 150 $23.82
Air Conditioner - 5,000 BTU 500 75 200 75 $11.91
Air Conditioner - 7,000 BTU 750 Fi) 200 112 $17.79
Air Purifier 120 100 720 86 $13.66
~ Answering Machine 10 100 720 7 $1.11
Boat De-lcer - 1 H.P. 1000 100 720 720 $114.34
Boat De-Icer - 1/2 H.P. 500 100 720 360 $57.17
Boat De-Icer - 3/4 H.P. 750 100 720 540 $85.75
Bug Killer 40 100 300 12 $1.91
Ceiling Fan w/o light 50 100 180 9 $1.43
Ceiling Fan with 3 - 60 Watt Bulbs 230 100 180 41  $6.51
Christmas Lights - 100 Large Bulbs 70 100 150 10  $1.59
Christmas Lights - 100 Small Bulbs 50 100 150 8 $1.27
Clock - Electric 3 100 720 2 $0.32
Clothes Dryer - Electric 5000 100 24 120 $19.06
Clothes Washer 1200 100 16 19 $3.02
Coffee Maker 900 100 13 12 $1.91
Compactor (Trash) 400 100 10 4 %064
- Computer Printer (Printing) 600 100 3 2 $0.32
Computer with Monitor 270 100 120 32 $5.08
1of6 Printed by : Michael Plasmeier 6/3/2006 3:51 PM



Appliance Usage List http://www.psnh.com/Residential/ReduceBill/Applianceusage.asp?ref=...

Percent Average Average Typical

_ e Watage 107, ours Mertnly Menty
Deep Fat Fryer 1500 100 3 4 $0.64
Dehumidifier - 20 pint 480 50 720 173 $27.47
Dehumidifier - 40 pint 625 50 720 225 $35.73
Dehumidifier - 65 pint 790 50 720 284 $45.10
Dishwasher (With Dry Cycle) 1000 50 20 10  $1.59
Dishwasher (Without Dry Cycle) 200 100 20 4  $0.64
DVD 60 100 120 7 $1.11
Electric Blanket 165 50 240 20 $3.18
Electric Fence 10 100 720 7 $1.11
Electric Frying Pan 1500 100 10 15 $2.38
Electrostatic Air Cleaner (On Furnace) 50 100 720 36 $5.72
Exercise Equipment - Treadmill 2 H.P. 2000 100 18 30 $4.76
Exercise Equipment - Treadmill 3 H.P. 3000 100 15 45  $7.15
Fan 200 100 50 10  $1.59

r Fan (Attic) 500 100 60 30 $4.76
Fan (Window) 200 100 50 10  $1.59
Fax Machine 10 100 720 7 $1.11
Fish Tank (10 Gallon) 80 50 720 29 %461
Fish Tank (50 Gallon) 230 50 720 83 $13.18
Freezer - Upright/Chest 17 cu. ft 600 40 720 173  $27.47
Freezer - Upright/Chest 17 cu.ft. - Frostfree 600 50 720 216  $34.30
Grill - Counter Top 1425 100 8 11 $1.75
Hair Dryer (Hand Held) 1500 100 10 15 $2.38
Heat Lamp 250 100 20 5 $0.79
Heater - Auto Engine - 1,000 Watt 1000 50 360 180 $28.58
Heater - Auto Engine - 500 Watt 500 50 360 90 $14.29
Heater - Portable - 1500 Watt 1500 100 75 112 $17.79
Heating Cable - Roof - 60 Ft. 500 100 30 15  $2.38

™ Heating Cable - Water Pipes - 24 Ft. 200 100 720 144 $22.87
Heating System - Hot Air 1/2 HP Motor 500 40 720 144 $22.87

2of6 Printed by : Michael Plasmeier 6/3/2006 3:51 PM



Appliance Usage List http://www.psnh.com/Residential/ReduceBill/Applianceusage.asp?ref=...

Percent Average Average Typical

Watage 157, iours Moty Moninly
il Heating System - Hot Air 3/4 HP Motor 750 40 720 216  $34.30
Heating System - Hot Water (1 Zone) 315 40 720 91 $14.45
Heating System - Hot Water (2 Zones) 423 40 720 122 $19.37
Heating System - Hot Water (Summer Use) 135 40 720 39 $6.19
Home Theater Receiver 100 100 180 18  $2.86
Hot Tub - Insulated/Indoor (4 person) 1500 15 720 162 $25.73
Hot Tub - Insulated/Outdoor (4 person) 1500 55 720 594 $94.33
Humidifier - Cool Mist 200 100 200 40  $6.35
Humidifier - Warm Mist 384 100 200 77 $12.23
Iron 1100 50 10 6 $0.95
Lawn Mower 3000 100 5 15  $2.38
Lighting - 10 rooms (15 60W) 900 100 100 90 $14.29
Lighting - 100 Watt 100 100 240 24 $3.81
Lighting - 3 rooms (8 60W) 480 100 100 48  §$7.62
™ Lighting - 40 Watt 40 100 240 10 $1.59
Lighting - 5 rooms (10 60W) 600 100 100 60  $9.53
Lighting - 60 Watt 60 100 240 14 $2.22
Lighting - 7 rooms (12 60W) 720 100 100 72 $11.43
Lighting - 75 Watt 75 100 240 18  $2.86
Lighting - Chandelier 5 - 40 Watt Bulbs 200 100 240 48  $7.62
Lighting - Comp Fluorescent - 18 Watt 18 100 240 4 $0.64
Lighting - Comp Fluorescent - 23 Watt 28 100 240 6 $0.95
Lighting - Fluorescent 2 bulb 100 100 240 24  $3.81
Lighting - Halogen 90 100 240 22 $3.49
Medical Equipment - Nebulizer 1035 100 45 47  $7.46
Medical Equipment - Oxygen Concentrator 460 100 720 331 $52.56
Microwave Oven 1500 100 10 15 $2.38
Mixer - Stand 300 100 20 6 $0.95
™~ Motor - 1 H.P. 1000 100 20 20 $3.18
Motor - 1/4 H.P. 250 100 20 5 $0.79

Jof6 Printed by : Michael Plasmeier 6/3/2006 3:51 PM
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]

Percent Average Average Typical

Appliance V.I\-Ixz;fti:ga;:a Qn Hours Monthly Monthly
. Time Used kWh Cost
Motor- 1/2 H.P. 500 100 20 10  $1.59
Oven 5000 50 10 25 $3.97
Range - Large Surface Unit 2400 100 10 24  $3.81
Range - Small Surface Unit 1200 100 10 12 $1.91
Refrigerator - 1.7 cu. ft. 126 33 720 30 $4.76
Refrigerator - 14 cu. ft. 226 40 720 65 $10.32
Refrigerator - 14 cu. ft. - Frostfree 383 33 720 91 $14.45
Refrigerator - 17 cu. ft - Frostfree 463 33 720 110 $17.47
Refrigerator - 19 cu. ft. - Frostfree 509 33 720 121 $19.21
Refrigerator - 21 cu.ft. - Frostfree 572 33 720 136 $21.60
Refrigerator - Freezer 21 cu. ft.- Side by Side 783 33 720 186 $29.54
Refrigerator - Freezer 24 cu. ft. - Frostfree 653 33 720 155 $24.61
Refrigerator - Freezer 25 cu. ft. - Side by Side 841 33 720 200 $31.76
Septic Pump 1000 100 40 40 $6.35
™ Slow Cooker 200 100 40 8 $1.27
Stereo 75 100 130 10  $1.59
Sump Pump 500 100 20 10 $1.59
Swimming Pool - Above Ground 500 50 360 90 $14.29
Swimming Pool - In Ground 16 X 32 500 50 360 90 $14.29
Swimming Pool - In Ground 18 X 36 750 50 360 135 $21.44
Swimming Pool - In Ground 20 X 40 1000 50 360 180 $28.58
Telephone - Cordless 5 100 720 4 $0.64
Television - 13 inch 60 100 120 7 ¥
Television - 19 inch 100 100 120 12 $1.91
Television - 25 inch 123 100 120 15 $2.38
Television - 27 inch 125 100 120 15  $2.38
Television - 32 inch 130 100 120 16 $2.54
Television - 36 inch 133 100 120 16 $2.54
o~ Television - 43 inch 200 100 100 20 $3.18
Television - 55 inch 220 100 120 26 $4.13
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Percent Average Average Typical

Appliance V-I\-I};rt)ti:;:a Qn Hours Monthly Monthly
I Time Used kWh Cost
Television - 60 inch 240 100 120 29 %461
Television Cable Converter Box 35 100 720 25 $3.97
Television/DVD/VVCR Combination 120 100 120 14  $2.22
Toaster 1000 100 3 3 $0.48
Toaster Oven 1500 27 25 10  $1.59
Tools - Bench Grinder 600 100 10 6 $0.95
Tools - Circular Saw 1000 100 10 10 $1.59
Tools - Drill 400 100 10 4  $0.64
Tools - Saber Saw 400 100 10 4 $0.64
Tools - Sander Belt 300 100 10 3 $0.48
Tools - Soldering Gun 600 100 10 6 $0.95
Tools - Table Saw 3000 100 10 30 $4.76
Vacuum - Central 800 100 10 8 $1.27
Vacuum - Regular 1440 100 6 9 $143
- Vaporizer 750 100 4 3 %048
VCR 45 | 100 30 1 $0.16
Video Game 200 100 100 20 $3.18
Water Cooler With Hot Water 600 15 720 65 $10.32
Water Heating - LCS 10-11 Hours 4500 25 308 346 $54.94
Water Heating - LCS 8 Hours 4500 32 243 350 $55.58
Water Heating - Master MTRD (20 G) 4500 10 720 324 $51.45
Water Heating - Quick Recover (QR) 4500 11 720 356 $51.83
Water Pump 900 100 43 39 $6.19
Waterbed - Double 100 ° 375 74 720 200 $31.76
Waterbed - Double 80 ° 375 a7 720 100 $15.88
Waterbed - Double 90 ° 375 62 720 167 $26.52
Waterbed - King 100 ° 375 100 720 270 $42.88
Waterbed - King 80 ° 375 50 720 135 $21.44
m Waterbed - King 90 ° 375 83 720 224 $35.57
Waterbed - Queen 100 ° 375 87 720 238 $37.32
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o

Percent Average Average Typical

Appliance sz‘:t'ca:e On Hours Monthly Monthly
" attag®  Time Used kWh Cost
Waterbed - Queen 80 ° 375 43 720 116 $18.42
Waterbed - Queen 90 ° 375 72 720 194 $30.81
Whirlpool Tub 1800 100 15 27  $4.29
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'r ik IPS Final Exam Review

1. Draw ticker tapes for the following:
a. slow constant speed _ _ ~ —
b. fast constantspeed -~. .- * -
c. accelerating (speeding up) - ~
d. decelerating (slowingdown) =~ - - - - e
2. Plot position-time graphs for the following:
a. illustrating an object moving to the left at constant velocity ~ Stf
b. illustrating an object moving to the right at constant velocity \\
c. illustrating an object slowing dowi>$ A
d. illustrating an object speeding up Vs
e. illustrating an object at rest —————— |
3. Define the followmg IRTE PPERRN A
a Speed( Mo i E el dis arf S0t e LS e
“b. " acceleration /7, Pt Sppol” + af Fri
4. Suppose you go on a tri )g that covers 60 km and takes O 5 hours What 1s your average
speed? '

/

100

5.Cana lquI() éccelerometer tell you the direction that a car is moving? | ,f - rPad, S A

6. Can a liquid accelerometer tell you the.direction that a car is accelerating?
7. Draw liquid accelerometers for the following:
a. showing a car moving to the right (+) and speeding up
b. showing a car moving to the left (-) and speedingup
c. showing a car moving to the right and slowing down __—/
d. showing a car moving to the left and slowing down "
. €. showing a car at any constant speed . S
(‘8. What unbalanced force is needed to accelerate a 60.0- -kg mass at a rate of 2.00 m/s*? [ U 2
-9. What is the unbalanced force on an object moving at constant speed? () 0
10. Which of the following statements is true?
a. Total energy, potential energy, and kinetic energy all decrease as a cart rolls down
a hill.
b. Total energy, potential energy, and kinetic energy all increase as a cart rolls down
a hill.
c. Total energy remains the same, the potential energy increases, and the kinetic
energy decreases
dy Total energy remains the same, the potent1a1 energy decreases, and the kinetic
energy increases j
11. Which equation can be used to caloulate total energy'7
a. TE=KE-PE
b. TE=PE-KE
(/e JIESZPEXKE
~d.” TE=PE xKE

/
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: showmg all of the forces acting on the object and the weight of the object?

{
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12. What do you know when an unbalanced force is zero? ! [ ., ;4| 4/
~a.the object must have a constant velocity Letm e
b. the object must be accelerating
c. the object must be decelerating
13. If I hit the wall w1th a force of 400 N, with what force does the wall “hit” (push back
on” me?
14. A force of 100 N is pushmg a box across the floor at a constant speed. What is the
magnitude of the friction force? [o O\ f
15. A box is being pushed to the right across the floor by a force of 100 nthons. If the
friction force is 80 newtons, what will happen to the motion of the box?
16. A box is being pushed to the right across the floor by a force of 100 newtons. If the
friction force is 110 newtons, what will happen to the motion of the box? e
17. How do you find the net force acting on a block given a force diagram of the block?
. subtract vectors in the same direction, and add vectors in the opposite direction
1@) add vectors in the same direction, and subtract vectors in the opposite direction
multiply vectors in the same direction, and divide vectors in the opposite direction
__d. divide vectors in the same direction, and multiply vectors in the opposite directi
8 How do you find the mass of an object glven the weight of that object? |, 7.1 | /;
9/How do you find the weight of an object given the mass of that object? a:5¢ /0 .
/20. Make a list of steps to find the acceleration of an object given a free-body dlagram :

S

(21. What two aspects must an object have in order to be having work done on it?

How much work is done on a 40 N rock that is lifted 5 meters straight up? (V) 1\ )
22. You are in a car going around a curve and the speedometer has a constant readmg &
Write true or false next to each statement: '
a, The car is accelerating 7~
b. The speed of the car is constant
c. The velocity of the car is constant
d. The velocity of the car is changing 7
23. A car is moving in a straight line and its speed is increasing at a constant rate. If the
car moves from 30 km/h to 40 km/h in the first second and from 40 km/h to 50 km/h in
the second second, what is the car’s acceleration? !0 Kim [hog
24. Draw velocity time graphs for the following: '
a. illustrating constant velocity -~~~
b. positive acceleration (speeding up) -~
c. negative acceleration (slowing down) T i Sy

/i “25. How does the weight of an object affect (or not affect) how fast it will fall? V&

26. Draw a parabola showing the path of a projectile and show the change (or
consistency) of the vertical and horizontal motions of the object using arrows.

27. A ball is dropped from the top of a bu11d1ng How fast will it be traveling after falling
for 8 seconds? \ ) "

28. A ball is dropped from lhe top of a bu11d1ng How far will the ball drop in 8 seconds/ |
29. What is the launch angle that would cause_a soccer ball kicked from the ground to go

the greatest distance?  (/(~ D
30. What is the launch angle that will cause a projectile to go the highest?

L4 71
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™ 31. A 25.0-kg wagon is being pulled to the right at a constant velocity of 5.0 m/s by a
force of 10 N. What force of friction acts on the wagon? (| |/ )
32. Another phrase for net force is unbalanced force. 7. - - 3 peoSTE fﬁ/ e’ w
33. If an unbalanced force is not zero, then what must the object be doing? ([ g e
34. If an object weighs 600 newtons and is at rest, what force must be pushing up on the

object? O
,f

35. A guy is pushmg ona 50 0 kg box with a force of 25.0 N to the right. The friction 7./ =
force of the ground on the box is 5.0 N to the left. What is the acceleration of the box? 9ot C7)
2¢-4 = ¢

—
>

/36/.\A 6 kg box is being pulled to the right by a force of 12 N. The box is moving ata
constant speed of 3 m/s. What is the coefﬁcnent of frietion, mu, between the box and

floor? \ /7 - MAqset f\,.' : ';—1"._(‘;; L - S ; ; "'L' =
We.q = Ma — \ /\/ 0

37. What affects potential energy? POs (1o ot
38. What affects kinetic energy? V89
19 A car travels in a circle with a cqnstant speed Whlch way does the net force act on
thecar” { e 7 T VI q T el ¢ Wl
0.'State the entire law ofmertlak o \ :
1/ When 2 objects collide head-on, what do you know about the forces actmg on each
object? Pn Nt Ar r}I ot Q1 tong — (L - OpPpe o, 1€
42. Draw a dlagram showing the th ofa llfe guard‘hlstle as yéu twirl it horizontally,
L and the string breaks. e hoqd Loint — 1 Fo C.clé
(A =¥ / 43. The mass of the whistle is O 1 kg and'the Iength ofthe string is O 5 m. If the ipeeq] of
£ the whistle is 3.0 m/s, what is the tension in the string? A’f ) /( : ,‘_ =ml |/ /
-~ "4 t44/ Why do many people fall over when they try to touch their toes while standln/g
against a wall? W N (1 S
45. Give an item m/whlch the center of mass is located at a point where there is no mass/
46. When carrying a heavy bucket of water, I put my other hand out. Why do I do tlius'?
47. What makes a good conductor? /rm v (05td n(t (st
47. Which is a better conductor — & ‘metal /or a nonmetal”
48. Describe the path of motion of aqji"OJectllT with an 1rregular shape. (. : @ O, e
48. Why are metals such good conductors'? €4

49. What does mu depend on? ¢ . r fact Qly
50. What is the relationship between wei ght mu, and the force required to push an

object? M) < <%,

51. What is the relatlonshlp between weight and mass? |, jr/ i |

52. What does the length of time that a goalie is in the air for délpend on? /\51 N f(r) o !z,/_';’,\ .

3. yDraw 3 ramps of the same height, but different angles of incline. If a ball was
released from rest at the top of each incline, which ball would be gomg the fastest when

they reach the bottom? AL il Y Ll £, same k F

4) In the same scenario above, which ball will reach the bottom of the ramp first? /1, n/ { w Jfe« A

5. What is the equation for momentum? ki é Z
56. A 1000 kg car is driven on the h1ghway wit a sp ed of 10 m/s. What is the
momentum of the car? j/} lr () < 10,000
57. If momentum is conserved, explam how the momentum of the car above is not zero,
‘but when it comes to a stop, its momentum is zero. Hint: the phrase “outside force” C ;p{',(,-ﬂ
"33 A 4000-kg truck is driving at 15 m/s. Up ahead is a 1000-kg car at rest. The two
vehicles collide and stick together. What is the final speed of the two veh7es‘7

o, | |
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1250006 150055

N 50,00 (5,000 </ |0
59. A 5000 kg truck drlvmg at 25 m/s hits a 1500 kg car at rest. After the CO]llSlOI‘l the .
car shoots off at a speed of 50 m/s. What is the speed of the truck after the collision?
60. A 150-kg hockey player is moving to the right at 5.0 m/s when he runs into and grabs

onto a 100-kg hockey player moving the left at 5.0 m/s. If they remain together after the

. collision, what is their combined velocny after collision? - <00 v b7 /f' ”/)/
61. A 100-kg hockey player moving to the right at 5.0 m/s, catches up to a 150- kg hockey F )
player that is movmg to the right at 2.5 m/s. When he catches up to him, he grabs on to
him. If they remain together aﬁer colhslon what i lS their combined veloclty after
collision? 2/Y) = - A e, o Gl //" Y W ¢ . /r _)
62. Draw the followmg schematics: /_:/ ; =

"'/

a. containing 1 battery, 1 light bulb, and 2 wires. [ :_:

b. containing 1 battery, 2 light bulbs in series, and 3 wires~ ! :
c. containing 2 batteries and 2 light bulbs (all in series), and 4 wires &/ ‘ /
d. containing 2 batteries in series, 1 light bulb, and 3 wires :
e. containing 1 battery and 2 light bulbs in parallel

63 /Usmg the schematics above, in which case(s) are the bulb(s) the brlghtest? 5 i 53

64. What is meant by a series circuit? [~ o ou : b % 6 J d ¢t
65. What is meant by a parallel circuit? S€P A [.\_.; U NS (N Py l 27
66. What is a load? (), : ' ' : [¥
67. Draw a schematic of a circuit thh 2 battenes 3 hght bulbs in series, and one LA
ammeter. (7 e
67. Draw a schematic of a circuit with 2 batteries, 3 light bulbs in parallel, each with their
own switch, and one ammeter. e "
68.All the lights are lit in parallel, and the bulb in the mlddle bums out. What happens to

-} the rest of the bulbs? ~ O7c . ¢/ i bater= Stay Te sq m!

“\\68/ The lamps in a parallel circuit are tune‘d on one at a tlme What/ will happen to the /
amount of current that passes through the ammeter? ,, /0500 ;f Mo Powes UT Lan& _ /__{ ,
69. Draw a schematic with 2 batteries, an ammeter, and 2 hght bulbs wired in parallel. va Ygp
70. What will happen to the current and the light when a wire is connected to exther 51de '
of the light bulb furthest from the battery? (.- <7~ lof5 oy /

71. Draw a schematic with 2 batteries, an ammeter, and 2 light bulbs wired in series. e~
72. What will happen to the current and light when a wire is connected on either SIW

one of the light bulbs?

73. What is the equation for power? [
A water heater has a 1.5-kilowatt heating element that is hooked to a 120-volt outlet. ’ /« 0 ¢ |

~T ]‘

{,,

74. How much current will go through the heater? %1 \ %%
75. The heater runs for an average of 5 hours per day. How much energy does the heater
use in a month (30 days)? 7 70 004 O
76. A household electrical circuit (” 120 V) is protected by a 20-amp fuse or circuit
breaker. . Lk
a. What is the load limit of the fuse? / '/ 20 I | -
b. How much power will cause the circuit to overload? /“/(/[ »
77. A donut maker is rated at 1500 watts. It is p]ugged mto a 120- volt outlet. How much
current will pass through the donut maker? 500/ 4 20— | ). 5 H
78. Which appliance was the most efficient way to heat a cup of water?
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. What device converts chemical energy into electrical energy? Pci' [
- What device converts electrical energy into kinetic energy? /o [€(
81. What device converts kinetic energy into electrical energy? j, 2¢d{o |
82. What device converts electrical energy into heat and light energy'7 ) Lt vl )
83. A 1600 watt microwave is used at maximum power to heat up a cup of soup for 2
minutes. How much energy was used by the microwave to heat the soup? 2 ) 7jJ |
84. What is the cost of running a 13000 watt kitchen stove for 100 mmutcs at a const 0
$0.05 /kWh? -.%'J—' D) bl )7 S dwde 100760
85. How much time is required to generate 7000 Joules of energy with a 70 watt heating

element?
( OO " "'"10/"0,5
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