Practical
Physics Labs

A RESOURCE MANUAL

/
Z

e
(7
i

TETSISTTCTTIORTY

\‘\\\\\\\\\\\\\ NAR R
\‘\ = e 7
=~ = ). \\}

8017 2%
1" 5

“‘\\\}}\\\\\\\\\\\\\\\\;\\\\\\\\\
NN

3 N
Q 2 /
=_\ Db R
L g = ~ S
Po\: v { v
'3 %W—-ﬂ il R
R \
P !

Peter Goodwin
illustrated by Nicholas Soloway

J. Weston Walch, Publisher

Portland, Maine




Contents

About This Book ........cuuiuuiiieiiiieninnnanennnn. Vil
Errorand HowtoReport It ...........ccoviiiiiiiiinnn. Vil
Graphing ... ...ttt i i i e x
LAB # TITLE
I. The Massof AirinaRoom ............ ... .oiiiiiiiiiiinnn.. 1
2. Acceleration of Gravity ...........c.ccviuiiiiunreenneeneennannnn 6
3. Bicycle AcCeleration ...........c.vieiiiiiiiiiiriiieiieeaaan 13
4. Acceleration as Viewed with a Strobe Light .................... 19
5. A Pendulum, or How a Grandfather Clock
Keeps Accurate Time  ..........oiiiiiiiiiniiiieiieeennnnn 27
6. Human Horsepower ............c..iiiiiiiiiiiiininnennnnnnnn 33
7. Conservation of Energy: Potential into Kinetic ................. 38
8. EnergyandaRubberBand ................... ... .. ... 44
9. Rope Vectors: Velocity and Displacement ..................... 50
10. Firing a Projectile Horizontally .....................c.oovt.. 57
L R D o 1 L 64
12.  Collisions: Conserving Energy and Momentum ................ 69
13. A Collision in Two Dimensions ............ccceiveveeenneennn. 76
14. BallisticPendulum........... ...t 83
15. Springs and Masses . ........c.ccveueernerenerreneeeneeeneenns 88
16. Imertial Pendulum .......... ... ... i, 94
17. Centripetal Force ...........cociiiiiiiiiiiniiineennennnnnn 100
18. Inclined Planes: Why It Is Hard to Goup a Steep Hill ......... 106
L8R b ¢ Tt T 111
20. Forces on Beams, Torques, and Diving Boards ................ 117
21. Torsional Pendulum ........... ... i il 123
22. Energy and a Bicycle Wheel ................cciiiiiiiiin... 128
23, EleCtrOSCOPES .t tvvvtiietin e eieenereanretaeeenannaanns 134
24. Balloons and Coulomb’s Law ...............cciiiiiiiinn... 140
25. Simple CIrCUIS .« .ovviittie it iieiieenerernneeneeennann 146



LAB# TITLE

26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,
43.
44.
45.

Drawing Magnetic Fields .................ooiiiiiiiiii., 153
ACurrentBalance ............c.ciiiiiiiiiiiiiiiiiiiiiian 160
Electrical Equivalentof Heat ....................cooiiiiine. 167
Specific Heat  ..........iiiiiiiiiriiiriitiiiianneennenns 173
Heat of Fusion, or How Ice Coolsa Drink .................... 179
Solar Energy ...ttt s 185
Heat Loss and Insulation ..................cooiiiiiiiie., 191
Expansionof Water ............ccoiiiiiiiiiinrinninennnn. 198
Boyle’s Law and Compressed Air  ..........ccoviiiiinnnnn. 204
Using an Echo to Find the Speed of Sound ................... 210
Waves in SIrings . ..ovuitintin e ieeeeeeeeeeeaaeaannns 216
Resonance in Pipes ..........ciiiiiiiiiniiniiiiiiinnnenns 224
Reflection and Refraction: Tracing Light Rays ................ 230
L enses ittt i e e i e 238
Telescopes and MICTOSCOPES .. ..ovviviiniinnvenneennnennnnn 244
A Sweet Lab on the Index of Refraction ...................... 250
Radioactive Decay .........c.iiuiiiniininnninnennennenns 256
ADecay Series ........couiiiiiiiiiiiiiiiiiiiiiiiiiaieeans 261
Star CouNnting .. ..cvvvitnn e rneenneaneaeeneeaeeancanennes 267

Retrograde Motion ..........c.c.oiiiiiiiiniinneennnennnennnns 272



Lab #13 Name:
A Collision in Two Dimensions Date:

In this lab you will investigate collisions in two dimensions. Two balls are used.
The first ball rolls down an incline and then hits another. The collision causes the balls
to move at different angles. The horizontal distance which each flies will be measured
as well as the direction of the flight. These data will allow you to see if momentum has

been conserved.

Materials
clamp string
ramp washer
tape pencil
paper meter stick
2 balls of equal mass protractor
carbon paper

Procedure

L.

Clamp the ramp so that the lower end is just off the edge of the table. Make sure
the ramp is horizontal at the table edge. See Figure 13.

Take some string long enough to reach from the end of your ramp to the floor
and tie a washer on it. Hold the string at the end of the ramp so that the washer is
just off the floor. Gravity makes the washer hang vertically and you can find the
point right under your ramp. Tape a piece of paper to the floor under the washer
and then mark this point with an X.

Place a ball at the highest point and release it. Note approximately where it lands.

4. Tape a piece of white paper to the floor with its center approximately where the

ball landed. Then place a piece of carbon paper over the white paper.

. Roll the ball down the ramp from the top. When it hits the carbon paper it leaves

a dot on the white paper. Roll the ball down the ramp a few more times.

. With a meter stick, measure the distance from each of your dots to the X. Record

these values.

. Draw a line on the paper from the X on your paper under the ramp toward the

middle of the black dots where the ball landed.

(continued)
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Lab #13 Name:

A Collision in Two Dimensions Date:
(continued)
Figure 13
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8. Now move the support at the lower end of the ramp so that the moving ball will
hit a ball placed on the support. Put a ball on the support and roll the other ball
down the ramp and observe the collisions. You do not want a collision where the
moving ball barely hits the stationary ball or a head-on collision. Both balls
should also move horizontally initially after the collision.

9. Once you have the balls colliding properly, tape a piece of paper to where each
ball lands. Put carbon paper on top of each piece of paper. Have the balls collide
five times, each time hitting their respective papers.

10. Remove the carbon paper and measure the distance to each dot. Record these
data.

11. On the paper under the ramp, draw a line from the X toward each of the two
clusters of dots. Find the angle between the line you drew toward each cluster
and the line to where the single ball landed when it did not collide.

12. Finally, measure the height of the ramp above the floor.

13. Remove your pieces of paper from the floor and keep the one with the X and the
angles on it.

(continued)
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Lab #13 Name:
A Collision in Two Dimensions Date:
(continiied)

Analysis

1.

Find the average distance that each set of black marks was from the position right
under the ramp. Give some estimate of the error in this value.

. Using the height of the ramp above the floor, find the time for the ball to fall

from the ramp to the floor. Assume that the vertical velocity is initially zero.

. Each ball moved horizontally the distance you found in step 1 in the time you

found in step 2. Calculate each ball’s velocity when it left the ramp. For the two
balls which collided, give the angle at which they went. Write these on the piece
of paper with the angles and the X on it.

Turn the paper so that the velocity vector for the ball which did not hit another
ball is pointed to the top of the page. Call this the Y direction. At right angles to
this direction is the X direction just as on a graph.

. Find the X and Y components of velocity for each ball which collided. Make sure

that you label them.

. Multiply each of these velocities by m to find the momentum of each ball. (The

actual mass does not matter because the mass of each ball is the same.)

7. Add together the momentum in the Y direction for the colliding balls.

8. Add together the momentum in the X direction for the colliding balls but

remember that if they are in opposite directions, then you must use a negative
sign for one value.

. Next calculate the kinetic energy (KE = (1/2)mov?) of each ball.
10.

Add together the kinetic energy of the two colliding balls.

(continued)
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Lab #13 Name:

A Collision in Two Dimension Date:
(continued)

Conclusions

1. The momentum you found for the ball that did not collide is equal to the
momentum before the collision. The sum of the momenta of the two balls in the
Y direction should equal this if momentum is going to be conserved. Is
momentum conserved in the Y direction? Is the difference significant, given your
measurement errors?

2. Before the collision, the moving ball had no momentum in the X direction so
there should be no momentum after the collision. Was there any momentum in
the X direction after the collision? Does your error associated with measurement
error explain the differences?

3. Was the collision elastic, given your measurement errors?
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Quiz #13 Name:
A Collision in Two Dimensions Date:

1. When a projectile is fired horizontally across a level surface, it will stay in the air
as long as '

a. an object thrown up at the same velocity.

b. an object thrown down at the same velocity.

c. an object fired horizontally with half the velocity from the same height.

d. an object dropped from a height a little bit lower than the projectile was fired.

2. If an object flies horizontally off the end of a ramp and goes 4 meters horizontally
in .5 sec, its horizontal velocity in m/sec is

a. 1.

ao o
% B N

3. Momentum is the product of

a. velocity and displacement.
b. velocity and force.

c. force and displacement.

d. velocity and mass.

4. In an elastic collision which of the following should be conserved?

a. momentum

b. energy

c. momentum and energy

d. neither momentum nor energy

5. A moving ball hits a stationary ball. Initially, the moving ball is going in the Y
direction (at right angles to the X direction). After the collision, the momentum
in the X direction should equal

a. zero.

b. the momentum in the Y direction.

c. a value between zero and the momentum in the Y direction.
d. It can’t be determined with the given information.
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Lab #13: A Collision in Two Dimensions

Teacher Notes

This is a long and involved lab but it does show conservation of momentum and
energy in a two-dimensional collision. The error can be as much as 20% or more,
however, so be prepared! The calculations and collection of data are quite involved and
students must work fast if they only have one period to collect data. With two periods
few students will finish the calculations. The lab is good as long as the students don’t
get lost along the way. If it overwhelms them, it may not be worth the effort.

The “collision in two dimension” apparatus is available from some supply houses
and costs $15-$20. It can be used for this lab and a lab using projectiles sent
horizontally off the ramp. The apparatus is simple and works relatively well. The
height of the support for the stationary ball is critical. After the collision, both balls
must be moving horizontally. In order to have this happen, their centers must be at the
same height. This may require careful adjustment.

A similar lab can be done on an air table using a strobe photo. It is easier to do
although getting enough pictures for each lab group can be trying if you have a large
number of students. You can take the photographs beforehand and take one sample
photo with the students present so they know how you got the photographs. This is
preferable to the ramp experiment but the apparatus is much more expensive. The lab
is analyzed in much the same way so this write-up can be modified to be used with the
air table experiment.

Possible Problems
1. If the students move their paper before they have taken their measurements, they
lose their data.

2. Some students will need to be guided through the calculations or they will
become frustrated.

3. The idea that the momentum in the direction at right angles to the initial motion
should be zero after the collision may baffle some students. It is almost too

(continued)
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Teacher Notes (continued)

obvious for some to see. Also, at that stage in the calculations, some students may
be frustrated with the lab and they will not appreciate the fact that zero is the

correct answer.

Conclusions

1. The momentum in the Y direction equals the mass, m, times the velocity when
the ball does not collide. The sum of the momenta in the Y direction after collision
should equal this, too. There will be error, perhaps 20% or more in some cases.

2. The momentum in the X direction should equal zero because there was no
velocity in this direction before the collision. The sum of the momenta in the X
direction after collision should equal zero, too. There will be error of similar
numerical size to the error in the Y momentum.

3. Kinetic energy should be conserved although some error will exist. Therefore, it
should be an elastic collision.

ORI S

LAB QUIZ ANSWERS
1.

C

d
d
c
a
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