EXPERIMENT 9

CONSERVATIO
N OF MOMENTUM AND KiNeTIC ENERGY

OBJECTIVE:

In this experiment, the conseryafi
ati

S Will be tosts
fter they collj

g:irgs:]s&tfgfac:rgonls'on : o Sof k'_?etlc energy and momentum in four different one-
Mindic araro and a e Fpecn ically, we will measure the velocities of two air track
M ergies and momenta f th rom these velocities and the masses of the gliders, the
omentum before collision w'||° the gliders, before and after they collide, can be calculated.

il be compared with momentum after. Kinetic energy before

collision will be com
it pared wij inetj
.the analys_ls # Experimentv‘il;tfr:)rmeth energy after. This experiment repeats, for linear motion,
in Appendix B in this manual. rotational motion. Prepare a formal report using the guidance

BACKGROUND:

Conservation laws i

drive towards redug':i; at!h:entral role in physics. Such laws are the center of the physicist's
causes. As an example, co number of_ assumptions necessary to predict effects of specific
experiment provided evid nsider the history of the law of conservation of energy. Anytime an
physicists simply expand gnce.that energy was not conserved in a given physical situation,
R i <orme cons eh tl')e_lr definition of energy so that energy would always be conserved.
physical process. In tﬁ'p YSICI§ts have defined energy to be that which is conserved in every
Vinatic. If th Ii' ; IS experiment, we have no way of measuring any kind of energy except

. e collisions are sufficiently inelastic, kinetic energy should not be conserved.

In this experiment, we will test conservation of kinetic energy and conservation of
momentum. If we consider all types of energy (heat, sound, etc.), then energy is conserved in
all processes. On the other hand, momentum is only conserved when no net external force
(e.g.,ifrlctlon) acts on the system. This latter point can be seen by considering Newton's second
law given by

F =ma (9.1)
Momentum, /2, is given by p=mv. The most general form of the second law is

(for m = constant) (9.2)

if the net external force is zero), there is no time-rate-of-change of momentum

If F vanishes (l.e., :
ed, that is, the total momentum of the system is constant.

and momentum is conserv
for the conservation of energy we must be careful to account for all forms of

hould not expect conservation of momentum unless there is no net external
ment, the motion is confined to one dimension, which

Thus, in testing

energy and we S ' :
force acting on the system. In this experl

means vector notation can be dropped.

absence of any net external force (e.g., friction), the conservation of linear momentum

and after collision is given by










g 0 e
k"letlc energy lost o i Xternal force acts)

< Ilid, € inelastic coy; hile Kinetic
© collidj i ollision stays
from deformation of the waln’ g'c I:odles as another form of energy such N

In thi i i
Fromstheexspeegr:tzmt' we wil| measurg th.e Velocities of twe gliders before an
e + (N€ sum of the kinetic energies and Sum of the mome ta of th
ag\m;ehand after thg Collision can be calculated. You are then equipperc,jatoon:aﬁemga;n .

out the Conservation (i.e., €quality) of thege two total quantities in the var; o, Gl
We can now summ

ous collisions.
\ ; arize the conserva
dimensional collisi

tion laws for two gliders, 1 ang 2, und i -
On on an air track. 5 s
For an elastic collision, (A is after, B is before, 1 s projectile glider, 2 is target glider
Ka1 + Kaz = Kgg + Ks2
For all collisions, when there is no net external force, we expect that Z

Pa1* Paz = pgs + pg, 4

i irecti i tum is still

f the gliders. Be sure to record the directions of t!':g 'glldc.ers t;ecause momentum is |
ktﬁﬁl;auaj\]tity for one dimensional motion. Define the initial direction of the projectile glider 2

' us, “+", direction and the opposite direction as the minus, "-", direction.

for elastic collisions.

for inelastic collisions.

> target glider does not move for ab o
e tatc? raige or lower that end of the
metal collider with a flat metal
ojectile glider with the blade ve ‘
adjacent end of the target







[ et ’;";Pf P
calculate any uncertainties unti you have calculated total
momentum and total kinetic energy before and after
collision for all collisions.

ic. Recordin Tak;le 9.3
at rest - near elastic. Record in Table 9.4. (y
arger mass at rest - inelastic. Recordin Table 9.5.

ANA : . .
5. Complete all the calculations in Tables 9.2 - 9.5. If, after collision, the projectile glider moves

in the direction opposite to its initial movement, its final momentum is negative.

6. Summarize your results in Table 9.6. The percent differences in momenta for all collisions
usually are less than 5%, but should not be larger than 10%. The percent differences in kinetic
energy in Collisions 1, 2 and 3 are usually less than 10%, but not always. Use the before values

as the accepted values in all cases.
7. Estimated uncertainties: o, = * 0.0010 kg, oy=#+ 0.0010—’"-—@"%9 s.

8. Construct Tables 9.1 to 9.6 using Excel. Populate them using the data from your collisio
When computing percent difference, use the before-collision value as the accepted value.
Collis there will be two velocities after collision. Use the velocity of the target glider
fi 2 second photogate) for calculating momentum and kinetic energy after collisi

Table 9.1. Glider masses—with attachment







Table 9.4. COLLISION 3: Lﬂger mass at rest - near elastic

Projectile Target + 0.1000 kg | Total
Trial1 | Trialz | Tral1 [ Tralz | Trai1 [ Tamg
Atg (s) At rest At rest
Aty (s)
vg (m/s) 0 0
Va (m/s)
Ps (kg-m/s) 0 0
pa (kg-m/s)
Kz (J) 0 0
Ka (J)

Projectile

Table 9.5. COLLISION 4: Larger mass at rest - inelastic

Target + 0.1000 kg | Total

Trial 1 Trial 2

Trial 1 Trial 2 Trial 1 Trial 2

At rest At rest













5 . . . i es i
sion with friction between glider and "aCk.(combmes)
6._Explain how moving the phot a
tes farther apa would | i
o uld impact conservat
: ;,38‘;“°U"’, YOu expect to see better or Worse agreement between momentur:'? rk\:off .
on with the photogates farther apart? |If so Temede

» Why? If not, why not?
Z‘.) ria;gﬁl/::g whethgr f{'iction has tEhe Same quantitative effect on conservation of momentum as on
2 - Explain why the effect on Kg should be larger or smaller than on

air track in such a way that
lor ! ’ - (HINT: 1t is possible to use the data from
Collision 4 in Experiment 9 to Mmeasure the acceleration due to friction. Think about item 5
above.) You will get no credit i

| _ if you do not describe a complete procedure for measuring
something with enough detail that another student could do it. We have used the air tracks and

the photogates in more than one experiment in ways that would allow you to propose a minor
modification of one of our experiments to measure the force of friction. The ability to do this type

of critical thinking is vital to your professional success. (NOTE: Inclining the air track can be used
as part of a method to measure the acceleration due to friction BUT inclini

compensate for friction WILL NOT WORK because in Collision 3. the projectile glider goes in the

reverse direction after collision—l add this because innumerable students have made this
mistake.)

PORT-WRITING GUIDANCE: . i
gEYour goal is to prepare a formal report that is complgte enough that someone with yo\.x‘
fémiliarity with science and with the equipment used in this lab, but totally unfamiliar with this
experiment (e.g., the next class to take Physics 210L) could reproduce(you(rj Wo;khzr:/i vtiréfys\;c::

ing ON tomers (readers 8

ONLY your report. You may assume your cus ( ;
;izlgifiszsi:%hysics a); you do and the same understanding of the equipment you had when yo

came into class to do the experiment.

< i r written report look “professional” \(Vill enable me to critiq .‘
al;?xt);?;ive profess,?onal experience in writing and editing techniln
valuable to you in the professional wor]d. Few studer;ts c;m;ni {
nal-quality writing. The ability to write clegr, concise, te :
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take of my offer of professional critique of your work.

to the text. Try to insert tables and figures digital
in the text, each table, equation, or figure sho
se my sample formal report for gwdanoey

ations in the text. Note that | do not refe
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is a stand €s, tables 5
- -alone >S, Or equation
g se repo $9.1,9.2,... i
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13 w ports. nical journal. It is not one in a

all i
for Experiment 1 o Hons, tables, and fi
gures using the format used in the sample formal report

nt 1 on my web site.

14. Acce
ptable ok
the material i organization
ial o tion means you : :
each section is approgriateu'ts:(tjhtehﬁes:;tr“gn headings directed in Appendix B and

15. When
you first intr
for the reader. oduce a new variable, e.g., m, v, d, KE, p, At, %Diff, %Unc, etc., defi
y V. 4, , P, At . %Unc, etc., define it

1
6. Do not use present tense.

17. Do
not use |, wi
, we, 2 i
or us. Do not use “experimenters,” the “group,” etc. as stand-ins for

personal pronouns.

18 Do - i
uble-space ALL text-including the abstract. Tables are not “text.”

19.
9. DO NOT allow tables to spread across two pages. This is highly unprofessional.

rphans.” The following is quoted from
. it falls at the top of the following P
separated from the remainder of the paragraph on the previous page for

orphan, refers to the first line of a paragraph if it appears on its own at the
column] with the remaining portion of the paragraph appearing on the foll

addition, do not permit headings to stand alone at the bottom of a page, an

their text.

Wikipedia. “...a widow 1S
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owing page..." In
d separated from
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