LUMAT 2001 DRAFT 5/14/01

Simudating a Shock Absorber

Introductiow

Shock Absorbers have many applications.
The most obvious application istheir use in
motor vehicles. They are attached to the
wheel of the car and the body of the car.
Inside the Shock Absorber is either air or oil
that acts as a dampening agent to the shock
that bumps in roads and the like put on the
vehicles wheels. Essentially, dampening the
shock means that instead of the wheel
bouncing up and down repeatedly and
perhaps uncontrollably, the wheel only
bounces up and down afew times with
decreasing severity. Such motion is called
‘dampened simple harmonic motion’.

A great deal of mathematicsis required to be able to
design a successful Shock Absorber. We can not
experiment with actual Shock Absorbers, but we can
simulate a shock absorber and then experiment with
the system so we can predict outcomes from the
system should we change the value of certain
variables. Our Shock Absorber issimply a spring with
amass applied that will act as the shock. The
dampening will be supplied by a piece of cardboard
positioned at the base of the mass cradle. Hence thisis
an air-dampened system.
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Youwr Tasks

Task 1 A qualitative description

Watch your teacher demonstrate the simulated shock absorber. Consider the
differences and similarities to this system and a cars shock absorber. Think about how
the position of the mass varies over time when the massiis lifted to the maximum

height possible and let fall freely to supply a shock to the spring.

Also watch as a number of different air dampeners that have different surface areas

(100cm?, 200cm?, 300cm?, 400cm? and 625 cm?), are used on the simulated shock
absorber.

At the start of the write up of this project:
describe how you think the amplitude of the mass' s motion changes over
timefor just one dampener. [Amplitudeisthe maximum distance the

mass reaches from itsrest position]

describe the effect that you feel dampeners of different surface area will
have on how the amplitude changes over time.

Task 2 A quontitative descriptionw
Form ateam of three or four students. Each team has two tasks in this section:

research dampened simple harmonic motion and discover what form the
change of the amplitude of the mass’'s motion should exhibit.

working with only one dampener (adifferent oneto all other groups) develop
an algebraic rule that appropriately models the change in amplitude of the
mass s motion as a function of time.

Once you have completed this task, share your findings with the other groupsin the
class.

Task 3  Inwvestigating a claim
Asan individual, use the findings of your group, and the other groups, to make
a conjecture about the relationship between the decay in amplitude and the

surface area of the air dampener.

Remember that a conjecture is a statement based on some evidence, not just a
guess.
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Tooly at your disposal
Thelibrary
The Internet

Data logging equipment that can measure displacement (and a demonstration
of how it works)

Y our graphics calculator
A spreadsheet

Anything else you can think of.
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Information for the teacher

Experimental set-up

The choice of spring iscritical. Y ou need one with the ability to
extend a considerable way when around 100 grams of massis
added. We have used a 25 cm spring that extends to
approximately 50 cm when 100 grams is applied. We have also
had success with a series of rubber bands |ooped together. Five
size ten bands works quite well.

Y ou should experiment with the spring,mass and dampener
combination you have to get a period of about no less than 1
second but no greater than 2 seconds.

The distance between the motion sensor and the dampener is
also critical. If too small the data-logger will not perform
accurately, the same will happen if it istoo far away.

We have found that if the distance between the motion sensor
and the dampener isin the order of 70 cm good results are
returned.

The air dampeners can be made of cardboard or foam and can
be of whatever areayou desire.

Collection of data

Students can use the program called CASIOLAB (installed on the Casio 9850GB
PLUS) to drive aVernier Motion Sensor connected to the Casio EA-100 data logger.
Thiswill allow them to collect measurements of the distance from the motion sensor
to the dampener. Later they can use a program called LCHANGE.

Both programs are self-explanatory once they are running.

To learn how to load the programs into your calculator from another calculator, or
from a computer, go to the LUMAT website (http://www.lumat.net) and download
the document called Using the FA-123 Program Link. If you do not have the Program
Link it can be downloaded from the website as well.
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Once loaded connect the data logger into the sonic channel of the EA-100 and the
data-logger to the 9850GB PLUS with a SB-62 cable.

CASIOLAB islaunched by selecting the PRGM mode, highlighting CASIOLAB and
then pressing EXE.
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Follow the instructions there after. When asked to select atype of data collection,
choose non-real time and then choose to collect data samples at intervals of 0.1
seconds. Collect the maximum of 255 data points

Lizt 2| List 3| List u
1. 02528

neswmn—

0.3| 0.9938
0.4/ 0. BESZ
[GRPHJCALCJTE ST JIHTR 0TS T M

Once the data (time and distance between sensor and dampener) collected has been
transferred into List 1 and List 2 of the calculator analysis may begin.

© Anthony Harradine/Deb Woodard-Knight 2001 Page 5 of 18



LUMAT 2001 DRAFT 5/14/01

Data Analysis
Thedataseenin List 1 and 2 above were collected using the 625 square centimetre
dampener. Thisis downloadable from the LUMAT website.

When at rest, the distance from the dampener to the data-logger when the spring was
initsrest position was 69 cm. Hence, to determine the

mass' s distance from its mean position using the data we List I|List @ List
have collected, we need to subtract 0.69 m form each I =
valuein List 2. I D
Place the cursor in the top of List 3 and then press OPTN L iy M p-enae
then LIST (F1) and then List 2-0.69. ]
Press EXE and List 3 datawill be calculated. These are Lizt I|List 2/ List 3| List u
the actual displacement values of the mass from its mean \l | 5f1-o2s DREELE
position. 3| p.2|1.08528| 03358

y 0.3| 0.9936| 0.3038

5 0. 4| 0. BB39E| O. 19592

H. 3352

Press SHIFT and then SETUP to ensure that the settings are as shown below.

Arale tRad T
raF unc  =lR Coord 0
Bac karound  :Hone Grid tOff
PlotsLine tBlue Axes aulyl
Anale Ea Label t0ff
Coord tn DisFlay ! Marml
Grid 0ff -

It would now be good to produce a graph of amplitude vs.

. . St.atGrarhl
time. Press EXIT until you return to you see the GRPH ~arh Trre
(F1) option and select it. Then use SET (F6) to set up
GPH 1 as shown opposite. Freaugnc

Grarh Color ;élue

Press EXIT and then GPH 1 (F1) to produce the graph. It
looks like a beautiful case of dampened SHM.

L Y
i

We are now really only interested in the peak values, that will give us the ability to
model amplitude over time.
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To extract the data points that correspond to the peaks we can use a small and rather
simple program called LCHANGE (list change). The code is as follows:

"How many pairs are"d
"to be transferred"?-Md
Seq(0,X,1,M,1)~List 4d
Seq(0,X,1,M,1)~List 5d
1-Nd

Lbl Xd

If N=1d

Then "First row # to be"d
"transferred is"?~>Ad
List T[A]>List 4[N]d
List 3[A]>List 5[N]d
N+1-Nd

Goto Xd

IfEndd

"Next row # to be"d
"transferred is"?->Ad
List T[A]>List 4[N]d
List 3[A]»List 5[N]d
N+1-Nd

If N=M+1d

Then Goto Kd

IfEndd

Goto Xd

Lbl Kd

ClrTextd

"All done."d

"Press MENU and select"d
"STAT mode to proceed."d
Stopd
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Before proceeding we need to identify the row # of each of the data pairs we want to

extract. To do thisyou can either TRACE the graph or ssmply scan the table of
values.

StatGrarhl Lizt I|List 2Lzt 3| List U
¥ 18] 17 0.BEB3| 0. 1163
o 18 1.8 D.531| O.2u1
LR I 20 1.9 0.852) 0.3E2
EERTE P A 2l 2| o.952| L
Sy 22| 2.1 0.9206| 0. 2306
- 8. 262
=2 ¥=0. 262

Thetable is probably a simpler process.

In this data set the peaks have the following row numbers (we have chosen only six):

3,21, 39, 58, 76,94

To start this program, enter the PRGM mode, highlight the PEEHEﬁE List. N
program LCHANGE and press EXE. GRAPHS 1 SEG
FOLARIZE 212
SELECT L N
GETDATHAH 239
| LCHAMIGE & agy
Y ou should get the following self-explanatory screens.
How man» Fairs are How man» Fairs are
to be transferred? to be transferred?
First row # Lo be
transferred is?
Lransfertred is?
Hext row # Lo be
%TEHEfEPPEd i=s?
Hext row # Lo be
transferred is?
Proceeding and putting in al the six row numberswill result in the following:
All done.
Presz= MEHU and select
STAT mode Lo proceed.
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Lizt I/ List Y LiFt G[Lift B

Returning to STAT mode reveal s success!

« 3352 3.8 0. 11783
« 3038 5.7 DOa.l2b
1992 0.5/ 0.0736
a. 2

A graph of amplitude vstime (List 5vs. List 4) revealsthe | |a
following: @

Fitting amodel to thisis now the task. Students should, viatheir research, find that an
exponential model iswhat should be appropriate. We would expect them to carry
out log (base 10) transformations at thislevel, but we can do an ‘€’ fit.

Press the continuation key (F6) and use EXP (F2) to fit an o
exponential model. o
. . ExFFea
The following print out results. a =0, 3635404
b =-@. 1292939
=-0, 3953452
r2=A, PREEI5ZE
¥=3-a"hx

A little further analysis returns the fact that the dampener =< -8. 155

is reducing the amplitude by about 17% per second. 0. 827TE53067

We could also have drawn the curve of best fit using the
DRAW (F6) option the previous screen. Looks good —
balanced residuals that are not too large! (Could be sure
by doing aresidual plot).

We can now proceed with the rest of the dampeners and see what we find!

TARTHQUAKES
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EXPONENTIAL GROWTH DIRECTED INVESTIGATION

The purpose of thisinvestigation is to investigate the relationships between
earthquake magnitude and energy released during earthquakes.

Read through the following information car efully befor e attempting any
questions.

PART 1 THE RICHTER SCALE

In 1935 Charles Richter developed a scale that allows the measurement of the size of
an earthquake using data from seismograph stations. Seismographs register the shocks
and motions of earthquakes by measuring the amplitude of the resulting seismic
waves in the earth. The overall tremor is recorded as a trace amplitude, measured in
mm.

A standard earthquake is defined as one that will cause a1 mm trace on a standard
seismograph, 100 km from the epicentre of the earthquake. The magnitude of this
standard earthquake is given avalue of 3. To calculate the magnitude of any
earthquake (based on the standard earthquake definition), it is necessary to know the
distance from the epicentre and the recording station (containing the seismograph),
and the maximum trace amplitude in mm. The nomograph shown in Appendix 1 can
then be used to find the magnitude, M. This scaleis called the Richter scale.

Using the nomogr aph:

The symbol D, refers to the distance between the epicentre and the seismic station and
Ismeasured in km. B, in mm, is the trace amplitude measured on the seismograph,
and M is the magnitude of the earthquake. Using aruler, line up the values, D = 100
km, B = 1 mm and read off the value for M. You should get M = 3, since thisisthe
standard earthquake magnitude for these values of D and B. To measure any
earthquake, corresponding values of D, B and M lie on a straight line.

Task 1:

Investigating the relationship between magnitude, M, and the trace amplitude
(mm) at a set distance of 100 km from the epicenter.

1. Use the nomogram in Appendix 1 to obtain atable of values for magnitude, M and
amplitude, B, while D =100 km.

Magnitude, 3
M

Trace 1
amplitude, B

2. Use your graphics calculator and skills learnt from this section of work to find a
relationship between magnitude and trace amplitude. Show all your reasoning and any
relevant sketches and tables from your screen. Scales on the sketches please.
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3. Check your rule found in part 2 with two more readings from the nomograph.

4. Read the following statement and comment, clearly and in detail, using your results
from this task:

“ ... each whole number increase in magnitude represents atenfold increasein
measured amplitude.”

PART 2 ENERGY RELEASE DURING EARTHQUAKES

An earthguake occurs when there is a sudden release of energy. The total amount of
released energy does mechanical work in moving masses of rock, generates heat asa
result of friction, and radiates seismic waves. The amount of energy released as
selsmic waves can be approximated with the following formula:

logE = 1.4 + 1.5M,
where E = the amount of energy released in waves,
and M = magnitude of the earthquake.

Thisformulais derived from many observations and experiments. It is therefore
called an empirical model.

The energy calculated using the above formulais only a percentage of the total energy
released by an earthquake. The energy stored as strain in any volume of rock will be:

1

E  ==-Ge?
2

total

Energy, E, ismeasured in ergs, where the erg is the standard unit of energy. Gisa
constant, related to stress (the force per unit area), called the elastic modulus. eisthe
strain in the rock body, and is related to the ratio of the change in length of arock
body under compression and the original length. V isthe volume of rock, measured in
cm®,
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Task 2:

Investigating ener gy release and magnitude of earthquakes.

1. In 1964, an earthquake in Alaska damaged the homes and destroyed the business
and commercial district of Anchorage. A seismograph in the USA at Berkeley,
Cadlifornia, recorded a trace amplitude of 50 mm. Berkeley was measured to be 3000
km from the epicentre. The strain released in the region, e, was 1.1 x 10* and the
elastic modulus, G = 3 x 10" units.

(a) Determine the magnitude, M, of the earthquake.

(b) If the distance between Boston and the epicentre is 5500 km, find the
seismograph trace (mm) recorded in Boston.

(c) Find the amount of energy released as waves in the earthquake.

(d) Assuming that only 50% of the total energy released was in the form of
waves, what would the total energy bein the area just before the
earthquake?

(e) A 20-kiloton atom bomb releases approximately 8 x 10%° ergs of energy.
How many atom bombs is the total energy found in part (d) equivalent to?

(f) Find the volume of earth affected by the total energy releasein cubic
kilometres.

(g) Assume that the depth of earth affected was 10 km, find the area that was
affected by the total energy release. (Volume = depth x area)

2. Read the following statement:
“... each whole number step in the magnitude scal e corresponds to the release
of about 31 times more energy than the amount associated with the preceding

whole number value.”

Comment on the statement, supplying detailed mathematical reasoning for your
thoughts.
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Paper Mountaing

EXPONENTIAL GROWTH DIRECTED INVESTIGATION
(A little one)

Consider a piece of A4 paper, whichis 0.1 mm thick. Cut it in half and stack it on top
of the other half. The stack will therefore be 0.2 mm thick.

Cut this stack in half and stack it on top to obtain a pile 0.4 mm thick.

The process continues and is referred to as * cut and stack”.

Question: (Guess) How many cut and stacks do you think you would need to do,

such that the stack produced will reach the Moon (approximately 400,000 km
away)?

1. Draw up atable with the number of cuts, n, in one column and the thickness, T, of
the resulting stack in another. Compl ete the table for n = 0 to 8 cuts.

2. Look at the values for thickness. What type of sequence is generated? What
convinces you of your answer?

3. Using your answer from part 2, find the rule connectingnand T.
4. Use your graphics calculator and find log T for thevaluesonn=0, ..., 8.
5. Now plot nagainst log T and find the linear relationship in the form logT =an + b.
6. Supply a sketch, with labeled axes, of the relationship found in part 5.
(a) Should your sketch display a set of points or a continuous line?

(b) Clearly explain your choice.

7. Return to the original question and find the number of cut and stacks required to
reach the Moon. Make sure you show your method of solution.
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Some test/exam questiony and
Ussues to- consider

Introductiow

These questions are not meant to form atest as such. They are meant to highlight the
following facts:

we can choose to make questions graphic calculator inactive(l), user
choice(UC), active(A),

the balance of I, UC and A is not yet clear for 2002 Stage 2— SSABSA is still
to give some direction on this

the words we use in writing our questions are of the utmost importance

we need to consider ‘old’ questions value in the light of what technology we
now have.

In each gquestion we have highlighted key words that results in the question being I,
UC or A. It isimperative the students become comfortable with the fact they will
have to read questions closely.

Active questions seem scarce at the moment. Is that so bad? Having ET available has
really allowed usto consider different learning and doing approaches. Our fegling is
that there must be a very good reason to be pressing lots of buttonsin atest situation.

Even if aquestion is made inactive, students may still determine the solution using the
calculator as a check or at the start as a guide to the solution

The key will be to get a balance and not to test things over and over again in the same
paper

1 Consider the sequence -6, -12, -18, -24, .....
i)  provethat these four terms are a part of an arithmetic sequence

i) find an expression for the general term, T, of the sequence

i) find the 50™ term of this sequence

iv)  find the sum of the negative multiples of -6 from -18 to -300 inclusive.
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1*.

2%,

Consider the sequence -6, -12, -18, -24, .....
1)  provethat these four terms are a part of an arithmetic sequence

i)  find, using sequence formulae, an expression for the general term, T,
of the sequence

i) find the 50™ term of this sequence

iv) find, using sequence for mulae, the sum of the negative multiples of -6
from -18 to -300 inclusive.

Rodney hasjust started in the road tarring business. Hisfirst contract isto
tar 2000km of road in the outback. He is required to estimate the time the job
will take him.

He figures that since he is learning about the job he will be able to do 4km in
thefirst day and then an extra 2km than the day before on every day after
that. Deter mine how long the job will take him.

Rodney hasjust started in the road tarring business. Hisfirst contract isto
tar 2000km of road in the outback. He is required to estimate the time the job
will take him.

He figures that since he is learning about the job he will be able to do 4km in
the first day and then an extra 2km than the day before on every day after
that.

a)  write down a sequence that models this situation
b)  Determine, using sequence formulae, how long the job will take him.

a)  find the vaue of xin each of the following

i) 2x=12
i)  3x=33
i) 4x=64
iv) 5x=105

b)  consider the sequence 12, 33, 64, 105, .....
i) show that these four numbers are not part of an arithmetic sequence

i) using your result from a) show algebraically that the terms on the
sequence obey T, = 5n*+6n+1
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3+,

4.
a)
b)
c)
d)
€)

4,

a) findthevaue of xin each of the following

i) 2x=12
i)  3x=33
i) 4x=64
iv) 5x=105

b)  consider the sequence 12, 33, 64, 105, .....
i) show that these four numbers are not part of an arithmetic sequence
i)  show that the terms on the sequence obey T, = 5n*+6n+1
When light passes through a certain type of glass, the light exiting the glass
is of lessintensity than when it entered. The intensity on exit is dependent on

the thickness of the glass.

It was found that the intensity of light (1) leaving ‘n’ panes of glass 3
millimetres thick is given by:

|, =1,2 °> where |, isthe original intensity of the light source.

n

If the light passes through 4 panes of glass, find the intensity of the
exiting light intermsof |.

Deter mine how many panes of glass are required to reduce the intensity
of the light by 40% of its original value.

Show that each of the four panes reduces the intensity of the light by
approximately 19%.

Now consider one very thick pane of glass. Show that theintensity |, of

the light ‘X’ millimetres after entering the paneis given by
l, =1,(0.93)"
Explain the meaning of the number 0.93 in the context of this problem.
When light passes through a certain type of glass, the light exiting the glass

isof lessintensity than when it entered. The intensity on exit is dependent on
the thickness of the glass.
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It was found that the intensity of light (1) leaving ‘n’ panes of glass 3
millimetres thick is given by:

| =1,2 °* where |, isthe original intensity of the light source.

e) If thelight passesthrough 4 panes of glass, find the intensity of the
exiting light in terms of 1.

f)  Determine algebraically how many panes of glass are required to reduce
the intensity of the light by 40% of its original value.

g) Show algebraically (isthe algebraically redundant) that each of n
panes reduces the intensity of the light by approximately 19%.

h)  Now consider one very thick pane of glass. Show that the intensity | of
the light *x’ millimetres after entering the paneis given by

I, =1,(0.93)"
e) Explain the meaning of the number 0.93 in the context of this problem.
5 Simplify
1 5
a 2r b) 16*

5% Simplify, using index laws and showing al steps of your working
1 5

a)

6 Q)

b)

273 b) 16

Show that 5™ 2 = >
25

factorise 5" 2 - 5"

n-2 _ n+1l
625 =2
- 2
25

hence prove that

7 Solve each of the following index equations

a)

162— X — 8X+l b) 32x+1 — 2x+2
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10

11

12
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Solve each of the following index eguations using index/log laws showing

each step of your working

8 167¥=g™ I
Evaluate the following

a log,27 b)  log,,(27p°)
Convert log,12 = A into an equation free of log terms.
Solve each of the following for x:

a  logs(x+25)=3
b) log,,,9=2

8

Prove that - 2log(a®) + 3log(ab ?) +1= -|09(%)

Write equivalent statements to the following that do not contain logarithms

a logD=0.669x- 1.845
b) logK=5log m+5
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