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Foreword

Spreadsheets have long been a useful tool for analysing problems numerically. More recently,
computer algebra systems have hit the scene. We demonstrate how the Texas Instruments T1-92
goes some way to incorporate computer algebra into a simple spreadsheet environment. Examples
of some unexpected applications will be investigated.

Firstly the basic functions and operations of the Data/lMatrix Editor are reviewed. Then various
activities covering arange of mathematical areas are proposed. The first three of these deal with
numerical applications of the type that may be familiar to users of spreadsheets in the mathematics
classroom, and serveto illustrate the spreadsheet-style use of the Data/lMatrix Editor. The
subsequent activities introduce some features of computer al gebra systems that hitherto have not
been available within a spreadsheet environment.

Participants are encouraged to review the activities and their usefulness or otherwise for
demonstrating and investigating the mathematical concepts, to consider the advantages and
technical limitations of the Data/lMatrix Editor for this purpose, and to speculate on the future
development of algebraic spreadsheets.
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Introducing the Texas T1-92 Data/M atrix Editor

Before we start, let us create a new Folder called "spread” for our work:
VAR-LINK
F1: Manage
5: Create Folder and enter the name spread

The Data/lMatrix editor is accessed by pressing the big blue APPS key:
APPS
6: Data/Matrix Editor
3: New...

and in the resulting dialog box call the new variable temp as shown:

[Fi T Fz Trs]’ru Trs ]’rsv]’r?]
TE Flot Setup|Cell [Header|[Cale|Util|Stat

i HEW R
Tupe: Datas
Folder: =spread+

Qariable:

M
fet

e

CEnter=0K > CESC=CAMCEL>

HMAIN FRD AFFRON FUNC

An empty data table appears, which may look something like this:

|‘F1 T B ]’rs]’ru Trs ]’rsv]’r?]
vE FPlot Setup|Cell [Header|Calca|Util|Stat
|

DATH |

=51 =] c3 cd oS
1 H
2
3
4
=
&
7

HMAIN ERD AFFROR FUNC

The width of the columns can be changed:
F1:
9: Format...
Cell Width: 8 (thisfitsfour columnsin screen. Experiment with others)
Auto-calculate: ON  (we will keep this setting throughout)

Datais entered in columns. Each columnisa"list" (regular users of Texas calculators will
understand the significance of lists). Use the cursor pad to move around the cells of the table. Note
the name of the cell in the entry line, in the form r1cl=

Type the cell content in the entry line, then press ENTER or the down cursor. See what happens if
you try to enter something directly into cell r5¢3, for example:

[Fi T Fz Trs]’ru Trs ]’rsv]’r?]
TE Flot Setup|Cell [Header|[Cale|Util|Stat

DATA

=51 o2 c3 cd
1 undef
2 undef
3 undef
4 e f
=]
&
T

_:

HMAIN FRD EXACT FUNC
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Thisillustrates that the Data/Matrix Editor thinks in complete columns (which can be up to 999
elementslong). It is not possible to specify the content of an individual cell in terms of another
individual cell, as you can with standard spreadsheets. Try to get the value 49.5 in r6¢4 by defining
itintheentry lineasr6c4 =r5c3/ 2. No luck!

What you can do, and thisisthe key feature for using the Data/Matrix Editor as a simple kind of

spreadsheet, is to define one column as a function of others. Let ustry this. First clear the current
screen by

F1:

8: Clear Editor
Enter thevalues 1, 2, 3,4,5,6incl
Now highlight the column header c2 for the second column. Y ou can now define column c2 asa
function of column c1. Try, for example

c2=2*cl
Y ou should see the following screen, as expected. Note that the length of column c2 is dictated by
the length of column c1:

[Fi T Fz Trs]’ru Trs ]’rsv]’r?]
TE Flot Setup|Cell [Header|[Cale|Util|Stat

DATA

}

c3 cd

b by L] Lo B | g1

=T e G D
Lt Ly | R L] ] Lo
| gl ]

c2=2%cl

HMAIN FRD EXACT FUNC

Now define columns c3 and c4, for example by
c3=c2"2 and c4=cl+c2+c3

l’?i T Fz T F= T 4 T FE T rsvT [ ]

- E Flot Setup|Cell|[Header|Calc|Util|St.at

AT T T
cl cd o] =]

1 1 z q

2 z q 16 22

3 3 3 I6 45

4 q =] Ed TE

3 =] 10 166 115

) 3 12 144 162

7

Ericd=7

MAIN FAD ERACT FUMC

Note that when you highlight a cell in a column which has been defined as a function of other

columns, a padlock appears against its name in the entry line. This shows that the content of that
cell is"locked" by the column definition and cannot be altered.

Of course, you can alter the contents of column c1. Note that, if you alter avalue, the corresponding
valuesin the other columns change. Also, if you add an element, the other columnsincreasein

|’F1 T F T F= T F T FE T FETT [ ]
- E Flot Setup|Cell|Header|Calc|Util|Stat
OATH
cl o [o] cd
1 1 2 E] T
2 2 4 16 22
3 33 55 4355 4455
4 4 =] [ =
] 5] 0] [o]o] 115
& & 2 44 162
7 4 ES 217
ricl="
MRIN FAD ERACT FUNC
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length accordingly:

The blank cells above the column headers can be used for column titles. Move the cursor to the cdll,
and type in whatever seems appropriate:

1 F F= F FE
- E Flot Setup|Cell|Header|Calc
DATH [y 21 [T ]

cl o [o] cd
1 1 2 E] T
2 2 4 16 22
3 33 55 4355 4455
4 4 =] [ =
] 5] 0] [o]o] 115
& & 2 44 162
7 T {14 196 217
cd, . Title="Total"
MRIN FAD ERACT FUNC

Y ou can clear the contents of the Data/Matrix Editor now by pressing
F1:
8: Clear Editor

The facility of the Data/lMatrix Editor that we want to focus on hereis the ability to define data and
column definitions symbolically. Enter yourself avariety of functionsin column cl, for example:

|’F1 T Fz TrzTru Trs TrsvTr?]
vE Flot Setup|Cell|[Header|Calc|Util|St.at

cl cd o] o
1 W

2 Tkt 1

3 Jow™2=12
4 Sintxy
3

)

L L)
1.

HMAlN KAD ERACT FUNC

Now define subsequent columns as functions of c1.:
c2=cl?2 and c3=d(clx) thederivativeof cl

1" F2 Fz Fu FE& Fa Fr
v e [P 1t Setuplcell Header|Calo|Util |Stat

DATA

=51 =] c3 cd
® w2 1

Jkt] (3kx+12 |3

T0o-10[x"5-1 [AINEea |
Sintxd tsintxa.fcos (u
L ot e L] Bt s S
1 12 o

=T e G D

Br3cI=w CI{(x"2-12>

HMAIN FRD EXACT FUNC

We note two things:
1) This"algebraic spreadsheet” does not use "pretty print".
2) Often the columns are too narrow to contain the full expression. Thisis shown by the ...
at the end. Using the cursor to highlight a cell shows its content in the entry line
(although, as we will see, this does not always help). Of course, we could increase the
width of the columns, but the maximum width availableis only 12 characters.

The reader may now wish to experiment further with the Data/Matrix Editor, or move on to the
structured activities overleaf.
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Activity 1. A ssimple business spreadsheet

Start a new datasheet called "business' in your "spread” folder:

APPS

6: Data/Matrix Editor we shall assume
3: New... you can do this
Type: Data in future!
Folder: spread

Variable: business

Change the cell width to 6 (to get five columns on screen) and check auto-cal culate on
F1:
9: Format... and this!

We shall set ourselves up as ironmongers, and order in some stock. Enter the business data as
shown, including the column titles:

|’F1 i B TrsT 2] Trs TrsvTr?]
vE Flot Setup|Cell Header|Calc|Util|Stat

baTh | Ttem  |BugFor|{Ordet
cl c c3 o [et=]
1 nut. .15 E10]
2 bolt.  |.20 30
3 plate [1.160 (10
4 o =] 27
3
)
7 | |

HMAlN KAD AUTO FUHC

(Hint: Use Display Digits = Fix2 fromthe M ODE options)

What isthetotal cost of our order? We define column ¢4 as the costs of each item:
c4d=c2* c3
and obtain the order costs of each item:

rfi i B T F= T & T FE T rsvT F? ]
va Flot Setup|Cell|Header|Calc|Util|Stat
DATHA tem  |BugFor|Order |Cost
=51 cZ c3 [et=]
1 it 15 10] .00
2 bolt  [.20 30 .00
3 plate [(1.10 1O 11.@0
q o L] 27 24,30
5
)
¥
cd=c2¥*c3
MAIN FAD_AOTO FUNE

The obvious thing to do now isto find the total order cost as a column total. In a standard
spreadsheet, we would do this by highlighting cell r5¢4 and typing something like r 5c4=sum(c4).
Try thisnow - no luck! Y ou cannot edit the contents of any cell in c4 because the column is
"locked" by its definition. What you have to do here is to define c5 as the sum of c4: c5=sum(c4)

rfi 1 Fz T F= T 4 T FE T rsvT [ ‘l
- E Flot Setup|Cell|[Header|Calc|Util|St.at
baTh | Tterm  |BugFor|{Order |Cost  |TCost
cl o] o] cd
1 nut. .15 Eie] E.00  [47.3F0
2 bolt |, 20 e E. Q0
3 plate |1.10 |10 11.00
4 oo =] 27 24, 30
3
)
7
ch=zumic4d>
MAIN FAD AUTO FUMC
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Now check yourself that changing any item cost in c2 and/or any order quantity in c3 will result in
the corresponding valuesin ¢4 and the total cost in c5 being updated automatically. (Smply use the
cursor pad to highlight which cell you want to change, and type the new value.)

We can now extend the spreadsheet to include our selling prices, and get the spreadsheet to
automatically calculate our profit.

Enter some appropriate selling prices into column c6. Under the assumption that we will sell al the
items we stock, define c7 to be the take and define c7=c3* c6.

The total take can be shown in ¢8 by c8=sum(c7)

Now what about our profit on this business?

The actual profit can be shown in c9 by c9=c8-c5

The percentage profit can be shown in ¢10 by c10=(c9/c5)* 100

1 Fz B & FE FE™ | _FT [Fi"'!l]]’ Fz T B T & T FE ]’ TG, T [ ]
v |Plaot. Setup|Cell|Header|[Cale|Util [Stat||{« f=—|Plat. Setup|Cell|Header|Cale|Util|Stat
AT 1Ttem  [BugFor|Order |Cost  [TCost ATH |SelFor|Take |TTake |Prof [PocProf

=51 o2 c3 cd =] c cg c2
1 it 15 Eln] .00 |4F.30 1 i 4,00 |F4.50 (27,20 |5F.51
2 bolt [.20 30 .0 2 35 [EI]
3 plate [1.10 Ji0 i1i.00 3 EF ENEDR]
4 o e 27 24. 30 4 30 |35. 10
5 5
& &
Y Y
cS=zsumicd> clO=c%?-c5*100
RN FAD AOTO FUNC RN FAD_AOTO FUNC

We note that we soon hit upon the limitations of the T1-92's screen size, and need to scroll
backwards and forwards to keep track of what we are doing. However, we have created a simple
spreadsheet with similar functionality to a'real” one, in that afull "what if?' analysis can be carried
out by varying the costs, order numbers and selling prices (c2, ¢3 and c6) and observing the effect
on the profit.

Now comes something useful.......

We recall that a function or variable defined in the Home screen of the TI-92 retainsits value
in the Data/Matrix Editor. So suppose in this example, we wish to keep things simple by making
the selling prices of nuts and bolts the same, the selling price of a plate 4 times that of a nut and the
selling price of arod 3 times that of anut. This would mean entering p, p, 4p and 3p into column c6.
Note that subsegquent columns which depend on c6 are recalculated in terms of p. Unfortunately,
since their contents are locked, we cannot work with them directly. However, let us vary the value
of p.

Jump to the Home screen [¢ | HOME and assign p the value 0.50 by 0.50 STO>p .

Now revert to the current spreadsheet by APPS 6:Data/Matrix Editor 1:Current

and observe the updated values:

rfi T Fer TrhTruvT FE T F& rfi T B Trs T ] Trs TrsvTr? ]
va Algebra|Calc{0ther |PrgmI0{Clear a—z...] va Flot Setup|Cell|Header|Calc|Util|Stat
AT |SelFor|Take |TTake |Prof  [FoProf]
cE = cg c3 10
1 ] 20068 [95.50 (48,260
2 ] 15. 66
3 dkp 20, e
4 Skp EIEM=TE]
=]
&
.53 =] =11 T | — =
Bricif=1041 .90274841 438
HAIN FAD_AUTO FUHE 1730 HRIN FAD_AUTO FUHEC

Can you guess avalue of p which will yield a percentage profit of (say) 80%?
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Activity 2: Solving an equation

Thisisaclassic application of spreadsheets for solving mathematical problems. A solution of f(x) =
0 isfound by tabulating values of f(x) over aninitial discrete domain, and observing an interval
where the function changes sign. Thisinterval is then tabulated in smaller steps, and the process
repeated until the desired accuracy reached.

This procedureis particularly easy to apply on the T1-92.

For example, let usfind the root of the equation x3 + x - 100 = 0.

Start a new datasheet called "egnsolve” in your "spread” folder, and choose cell width 12.

In this and subsequent Activities, we shall make use of the SEQ( ) function. Itssyntax is:  SEQ(
expression , variable, low, high [, step] )
and it will automatically fill a column with a sequence. Default stepis 1.

Toset up aninitia list of valuesfor x, use the SEQ( ) function as follows:
cl=SEQ(i,i,0,6)

The corresponding values of the function can be tabulated in column c2 by:
c2=c1"3+cl- 100

|’F1 T Fz TrzTru Trs TrsvTr?]
vE Flot Setup|Cell|[Header|Calc|Util|St.at

DATA
1

-1EE
]
-3
it}
32
1]
125
c2=c1*3+c1-100

HMAlN KAD AUTO FUNC

et L) P
Lo [ B () [T o [ (]

Thus we see that there is a change of sign between x = 4 and x = 5. So we re-tabulate within this

interval, to 1 decimal place now. Do this simply by editing the column heading of c1 to read:
cl=SEQ(i,i,4,5,01)

The function valuesin c2 are updated automatically. (HINT: If you still have the display set to FIX2

from the previous activity, change it now to FLOATS). By scrolling down, we see now that the root

must lie between x = 4.5and x = 4.6

|’F1 T B TrsT & Trs TrsvTr?]
va Flot Setup|Cell|Header|Calc|Util|Stat
OATH
=51 o2
3 4.2 21.712
q 4.3 -16.193
5 4.4 c1d.416
) dq.5 -4. 375
¥ 1.936
g 4.7 2.523
9 4.8 115,392
BrYci=4.6
AN FAD_AOTO FUNE

Repeated editing of the definition on the valuesin column cl alows us to "zoom in" on the position
of the root of the equation.

Bowers: Calculatorsand Spreadsheets— All Together Now? Page 8
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After afew more iterations, we may end up with atable like the one below. (HINT: to edit the
column header, you do not need to scroll back up to the top of the column. Simply press F4.)

|’F1 T Fz TrzTru Trs TrsvTr?]
vE Flot Setup|Cell|[Header|Calc|Util|St.at

AT
cl c

1 4. 56378 — OEEEIDITE
2 4. 5637301 ~ . OEGEEEG 6L
3 - CEAGEZEE
4 4. 5637203 - CEAGESF 2
3 4. 5637204  DEAE1SES
) 4. SEIr205 HEanZ145
7 4. 56206 « DOAEZF22

Brici=4.5%627802

HMAlN KAD AUTO FUNC

Thus the solution would appear to be x = 4.569780 correct to 6 d.p.

Of course, the integrated nature of the T1-92 as atool for doing mathematics means that this
solution can be verified by using the SOLVE( ) function in the Home screen, or by plotting and
zooming in on the graph of y = x* + x -100 where it cuts the x-axis. It is thisinterplay between

numerical, analytical and graphical approaches to problem-solving which can be supported by the
new educational technology now available.

TASK: Use the above spreadsheet technique to locate the root of the equation
X2 + 3x* = 75 accurateto 5 d.p.
and verify using alternative approaches.

Bowers: Calculatorsand Spreadsheets— All Together Now? Page 9
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Activity 3: Locating aturning point

A spreadsheet approach similar to that of locating aroot in the previous activity can be used to
locate a turning point of afunction, by progressively "zooming in" on the local maximum (or
minimum) value and re-tabulating to greater accuracy.

For example, locate the maximum value of the function f(x) = x e
Start a new datasheet called "tpoint" in your "spread" folder.

Set up an initial domain of x-valuesin column c1:
cl=SEQ(i,i,0,6)
and define column c2 as the given function:
c2=cl* e(-3*cl)
Note that you should use MODE to set results to approximate mode, in order to work numerically:

[Fi T Fz Trs]’ & Trs ]’rsv]’r?]
TE Flot Setup|Cell [Header|[Cale|Util|Stat
OATA
-:14_
1 [N .
2 1.  LSFEFEE
3 2.  OE495 7S
4 3 « DEEEFEEE
5 EN « DEE0Z45E
& 5.  DEEOH1SE
Y G « DEEEHEES
c2=cl¥*¥e™ (" J*cld
RN FAD_AFFROR FUNC

Here, we can observe that the function achieves its maximum somewhere within the "double-width
interval" between x = 0 and x = 2. Zooming in on this by editing the column header of c1 to
cl=SEQ(i,i,0,2,01)

yields the new table
rfimT B Trs T & Trs TrsvTr? ]
¥ [Flot Setup|Cell Header|Calc|Util|Stat

DATA

cZ
I, I,
B74081 82
AE9VEZES
L 12197E39
12047 FES
11156503
9917333
cl=seqgfi. i 0.2, .1>

HMAIN RAD AFFROA FUNC

et L) [N YN

| | [ LA | e |

and repeating this process leads eventually to atable something like:

rfi T B TrsTru Trs TrsvTr?]
va Flot Setup|Cell|Header|Calc|Util|Stat
o2

OATA
=51

11 L3323 L 2PEREGE
12 [L3331 A 2PEREGS
13 L3332 L1 2PEREG T
14 | 3333

15 L3334 A 2PEREGE
16 L3335 A PPEREGE
17 L3336 2262644

Er14c2=.12252£479?7?31

HMAIN RAD AFFROA FUNC

where we would deduce the approximate co-ordinates of the T.P as
(0.333, 0.1226265)

Bowers: Calculatorsand Spreadsheets— All Together Now? Page 10
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Thereis an alternative approach to locating turning points using a spreadsheet, based on the fact that
the gradient changes sign on either side of the turning point.

Suppose f(x) is given for a discrete set of equispaced ordered points{x; , X2 , X3, ...}.
Then if f(X,) - f(xn-1) and f(x.+1) - f(xn) are of different signs, then f has a turning point for some x
between .1 and Xn+1 . (Assumptions of continuity are made.)

This can be implemented neatly using the SHIFT( ') function, which shifts the elements of a column
a specified number of rows.

Start a new datasheet called "tpoint2" in your "spread” folder:
cl=SEQ(i,i,0,6)
c2 =cl*enr(-3*cl)
c3=SHIFT(c2,1)
c4=c2-c3
via F'lu:-trzSet,uplliregll Heral'der* Eraslc, U;,Eivl |5Ft?at

fix_h fix_ntlislope

o] c3

o, L O497871] - 049787
L O49787F1[. 0043575 . 445296
L HE49575] . OOAEFE2] . OH4SEFE
L HEO3FE2] . aEanzdE| . QHaE4STE
L DEOEZ4E! . BODEGH1S] . QEAEES
HEEEE1 59, 132 -2l QEEEE] g
9. 132 e -Slundet uridef

-y

Lol | B (Y] T B o] (ol 5

HMAIN RAD AFFROA FUNC

By considering the change of sign in the slope, we identify that a turning point must be located

between x = 0 and x = 2. We edit column c1 accordingly:

rriTmT_rz TﬂTTTTFm

v f=—|Flot. Setup|Cell|Header|Calc|Util|Stat

DATAH |F(><_n3l fiw_n+ldslope
ci [ cd

. G, LO7dES18 - BP4EaER
. SCrdEslal, I097e3 - B356E1

1
.2 SAESPEREL 121970S] - B1Z2RES
] 21219703, 1264777 BE14aEs
4 2R PRl 1115651 . RS R
]

. 21115651, @991 793 0123857
B - [0991 PRl BESY 195 . 0134598

cl=seqg¥ti i 0.2, .1>
MAld FAD AFFROR FUMC

et L) P

The turning point is now identified as between x = 0.2 and x = 0.4.
Continuing likewise, we end up eventually with atable something like:

|’F1 T Fz Trz T 4 Trs TrsvTr? ]
- E Flot Setup|Cell|[Header|Calc|Util|St.at
DATH |2 fru_ny |[fix ntlafslope

cl cd o] o
E] Saa28 11226765 1226265( 5. 310
10 [L33F29 [ 1226265[. 1226765 -4. 2 -10)
11 [.33F3 AZPEZES| 1226265 3. 110
12 [L33F31 [ 1226265[. 1226765 -2, - 1C
13 [L33F3F2 [ 1226Z65[, 1226765 9. 211
14 AZPEZES] 1226265(1. 8411
15 [L33334 [ 1226Z265[. 1226765[1. 29 -10)
Erdidci=_33333
MAIN FAD_AFF RO FUMC

from which we deduce, as before, that the turning point is at approximately
x=0.3333, y = 0.1226265

Bowers: Calculatorsand Spreadsheets— All Together Now? Page 11
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TASK: Use a spreadsheet technigue to find the turning points of the graph
y=x-9x+ 1
Verify your results using analytical and graphical methods.

Activity 4: Investigating surds

The rules for manipulating surd quantities are often taken on trust. Computer algebra systems allow
arithmetic to be done exactly, and answers can be given in smplified surd form. Combining this
with the tabular approach of a spreadsheet, the student can generate a variety of examples quickly,
and investigate the application of the underlying rules.

Wefocus hereontheresult vm* vn = vmn where vmn may simplify further.
Start a new datasheet called "surds' in your "spread” folder.

We will make use here of the function RAND( n ), which generates a random integer between 1 and
n for apositive integer n. Therefore arandom integer between 5 and 8 inclusive will be given by
RAND(4) + 4, and arandom integer between 10 and 15 inclusive will be given by RAND(6) + 9.
These two sets of numbers will generate appropriate data for our investigation.

Firstly, set the MODE to exact. Then:
cl=SEQ(RAND(4) + 4,1, 1, 20)
c2=SEQ(RAND(6) +9,i,1,20)

c3=+(cl)
c4=V(c2)
c5=c3*c4
|’F1 T Fz Trz T 4 Trs TrsvTr? ]
vE Flot Setup|Cell|[Header|Calc|Util|St.at
AT
c3 i cE
1 [CED [C1mEn 2el 0150
2 = (13D [CESY
3 [CF) [C150 [C1@5
4 [CED [C1mEn 20152
3 = [C150 Sk 30
) = [C11n [C552
7 = [C140 [CFEY
ch=cix*cd
MAIN FAD ERACT FUMC

Scrolling down the lists, the student should justify the values in column c5 on the basis of the values
in columns ¢3 and c4. Sometimesit is"obvious' - asin rows 2 and 3 in the screen-dump above - but
sometimes it needs further explanation - asin rows 4 and 5. Note that a fresh screen of data is
automatically generated if you highlight and enter any column header (which re-invokes the RAND(
) function).

The connection with the factorisation of the product mn can be made clear by:

|‘F1 T F TF3TF'| Trs Trsv]’r?‘l
vE Flot Setup|Cell|Header|Calc|Util|Stat

DATH

c3 cd =]
2E[020 [0 13 20260 [13+23
To5 13 T0552 S+11

24 (2 [ 150 PR T =
I b JLEED 2kl1E
24 (2 b L0200y |1142E

[CE) k3] JOFED 2kl ZE
I=E TEE I P

chb=factoricl*c2
MAIM FRO EWACT FUMC

=T e G D

B N o L IO o
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c6 = FACTOR( c1*c2)

The student should be encouraged to produce atable of results similar to the one above, and to
explain each of the valuesin column c5. As a self-test, the student could scroll back acrossto "hide"
columns c5 and ¢6, and generate a new table like the one below, then work out what s'he thinks the

valuesin c5 will be given as:

|’F1 T Fz T F= T 4 T FE T rsvT [ ]
vE Flot Setup|Cell|[Header|Calc|Util|St.at
AT

3 S — —
1 3 =] [CED [c15>
2 =] q = [cid>
3 T 1 [CFD [cii
4 3 0] [CED [ci|s
3 3 Z [CED D D)
) =] Z = D D)
7 =] q = Jrid)
cd=T{c2>
MAIN FAD ERACT FUMC

TASK: Logarithms also have underlying rules which students often find difficult to

internalise. For example:
log(ab) =log(a) + log(b)

Produce a spreadsheet to demonstrate these rules, which will allow students to investigate their

properties.

Bowers: Calculatorsand Spreadsheets— All Together Now?
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Activity 5: Summing series

Spreadsheets are ideal tools for generating sequences and series, and to investigate sums and limits.
We shall consider how the T1-92 can deal with thisfor numerical and algebraic series.

Start a new datasheet called "sumn™ in your "spread"” folder.

We firstly attempt to "discover” the result Zi = g(n+1)

Generate the terms of the seriesin column c1 by
cl=SEQ(i,i,1,20)

and then cal cul ate the cumulative sums of this seriesin column c2 by
c2=CUMSUM(cl)

|‘F1 T F TF3TF'| Trs Trsv]’r?‘l
vE Flot Setup|Cell|Header|Calc|Util|Stat

DATH [y ELin
cl o3

1 1 1

2 2 3

3 3 [

4 4 [A]

= =] =]

& [ 21

7 T 28

c2=cumSumtcl>
MAIM FRO EWACT FUMC

Now factorise the values in column c2:
c3=FACTOR(c2)

1 F F= F FE FE¥ | _Fr
- E Flot Setup|Cell|Header|Calc|Util|Stat

DATH [y 01D Factorise
cl o2

1 1 1 1

2 2 3 3

3 3 [ 243

4 4 [A] 245

= =] =] J*5

& [ 21 JI*T

7 T 28 TH2M2

c3=factoric2
MAIM FRO EWACT FUMC

The results seem to be going up in pairs:
1*1,1*3; 2*3,2*5; 3*5,3*7; 4*7,4*9; ....

Perhaps it would be worth considering the even-numbered sums and the odd-numbered sums
separately. This necessitates re-structuring the spreadsheet:
cl=SEQ(2*i,i,1,10)

c2=2(i,i,1,cl) Note the difference
c3=FACTOR(c2) between () and SUM()

|’E1 T Fz T F= T 4 T FE T rsvT [ ]

- E Flot Setup|Cell|[Header|Calc|Util|St.at

DATH [Hy Fiidn Factorise

cl [}

1 z 3 3

2 q 10 25

3 3 21 kT

4 =] 35 IT2HZEE

3 0] 55 Sl

& 2 T2 2l I3T

7 q 1605 kTS

c2=3¢ji, i, 1,.cl>

HMAlN KAD ERACT FUNC
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Scrolling down the list, it appears that n/2 is always a factor of the sum when niseven. The
remaining factor(s) are 3,5, 7, 9, 11, 13, 15 ... whichisapretty clear indication of (n+1). So the
result (n/2)(n+1) appears to hold when nis even.

Now modify the spreadsheet (edit cl) to give the outcome when n is odd:
cl=SEQ(2*i-1,i,1,10)
i p1ot Setup|cel 1 [Hebrer o1 JutT1 [sHat
[ =i Factorise
h‘ii E,S

1

3 & 243
=] 15 5
i

[=]

28 T2
45 SH32

1 6 I
¥ 3 a1 r¥l3
cl=seq{2¥%i—1,3i_.1.10>

HMAIN FRD EXACT FUNC

Here, it appearsthat n is always afactor of the sum when nis odd. The remaining factor(s) are 1, 2,
3,4,5,6,7... whichisapretty clear indication of (n+1)/2.
So the result (n)(n+1)/2 appears to hold when nis odd.

We are thus in a position to hypothesise that the formula (n/2)(n+1) will hold for any n. Of course,
it isdifficult for us as professional mathematicians to "unlearn” this standard result and discover it
anew in this manner. However, students might appreciate the spreadsheet approach as away of
investigating the series.

TASK 1: "Discover" the results for Zi2 and Zi3

TASK 2: Hypothesise aformulafor the sum of n terms of the series
1.2°.3+ 2324+ 345+ ... +r.(r+1)%(r+2) + ...

We will now consider the well-known arithmetic and geometric series.
Start a new datasheet called "apgp" in your "spread"” folder.

Generate the sum of terms of an A.P. with first term a and common difference d cl
=SEQ(i,i,1,10)

c2=a+(cl-1)*d

c3=CUMSUM(c2)

rfi T B F= & FE FE™ | _F?
va Flot Setup|Cell|Header|Calc|Util|Stat

DATH |py T Skl

=51 cZ
1 1 El El
2 2 a+d Zda+d
3 3 S+ Sda+Ikd
L 4 S+ 3] dda+Edkd
=1 =] S+ Sda+ 1 G+
& = S+ Sk Eda+1 S
¥ ¥ S+Ekd] rHa+i]d

c3=cumSum€cd >
FAIH FAD EXACT FUMEC
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If the pattern in the coefficients of d are not recognised, we could proceed as before by factorising
columns c3:

c4 = FACTOR(c3)

1 B B i FE FE™ | _FT
- E FPlot Setup|Cell [Header|Calca|Util|Stat
DATH [Tip Sihd Factorize

=] c3
1 a a a
2 a+d Zatd Zatd
3 a+24 Ska+Ikd Sk atdd
4 a+3d dtg ko 2 Pka+ I D
] Std Seta+1 O Sk e )
& a+54d Eta+1 S Sk Peka+Tdd D
7 atidd THatz]sd T atIad )
cd=factor(ci>

HMAIN ERD EXACT FUNC

As earlier, there seems to be a different underlying pattern for the even terms and the odd terms. So
we could re-structure the spreadsheet as follows

cl=SEQ(2*i,i,1,10)

c2=%(a+(i-1)*d,i,1,cl)

c3=FACTOR(c2)

|’F1 T Fz TrzTru Trs TrsvTr?]
vE Flot Setup|Cell|[Header|Calc|Util|St.at

DATH [Hy S Factorise
cl [}
1 z Z#a+d Za+od
2 q ke 2k I+ T
3 3 Etg+ 1 Sk Jk Ik a+SHd )
4 =] S+ Bk ek a+ P )
5 ] L2+ S Sk L%+ S )
) z Zhg+EEdd  |EkCEkatllsk.
7 q Aa+Slkd  |FhoAka+1SH )

c2=FC¢a+{i—1>%d, i.1.cl

HMAlN KAD ERACT FUNC

The pattern here seemsclear: n/2* (2*a+ (n-1)*d)

Edit this now to consider the odd terms:
cl=SEQ(2*i-1,i,1,10)

|’F1 T B TrsTru Trs TrsvTr?]
vE Flot Setup|Cell Header|Calc|Util|Stat

DATH  Hy Sin Factorise
cd c3

1 1 El El

2 3 I+ Ik Catdd

3 =] Sda+ 1 G+ S Catdddd

4 T rHa+z]d rHLatIddd

5 El D4 a+F6dd S C g

) 1 1#a+55+d 1 a+5%d

7 3 Ik a+rSsd Ik a+Ekdd

cl=seq{2%i—1_1i.1.10>

HMAlN EAD ERACT FUHC

Thereisaso aclear pattern here: n* (a+ ((n-1)/2)*d)

Onceit is appreciated that these two formulae are identical (how could this be done by a weak
student using the facility of computer algebra?) then the well-known formulafor the sum of an A.P.
seems to have been "discovered".

Bowers: Calculatorsand Spreadsheets— All Together Now? Page 16
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TASK 3: "Discover" the formula for the sum of n terms of a geometric series.

Activity 6: Differentiation by first principles

Spreadsheets alow the generation of numerical sequences which tend to alimit. This can be
incorporated with the algebraic facilities of the T1-92 to allow avisualisation of the limiting
behaviour of the gradient function.

Start a new datasheet called "diff1" in your "spread” folder.

f(x+h) - f(x)

We wish to consider the limit of as h tends to zero.

In column c1 generate a sequence of valuesfor h:
cl=SEQ(0.1"i,i,1,10)

Start off by considering the function f(x) = x*
c2=((x+c)"2-x"r2)/cl

and to make the final result clear
c3=EXPAND(c2)

|’F1 T Fz
- E Flot Setup
DATA [y

cl o] [}
1 .1 2okl 05 |2kt 1
2 L1 2.k OOSH| 2, ket , B
3 L EE1 2k OOGL. |2, kxt, EET
4 . CEE 1 2k OOG. |2, ke, DEET
3 L HEEE1 2k OOGL| 2, #xt, DEEE T
) « CIEEEET 2k OO |2, et DEEE
7 « DEEEGEET 2k OO |2, et DEEE

cZ . Title="C{xth3*2—x"2)/h"

HMAlN KAD AFFROG FUNC

Thus the result appears to be of the form 2x plus a quantity which tends to zero.

Editing column c2 allows us to easily repeat the process for other functions, for example f(x) = x°
c2=((x+c)"3-xr3)/cl

rfi T B F= & FE FE™ | _F?
va Flot Setup|Cell|Header|Calc|Util|Stat

DAtk L rh 3= |Expandic
=51 cZ c3

1 .1 RIS W SR L
2 L1 T L o ST N o
3 ooH] R L o ST N o [
q L CIEE T R L o ST N o [
5 . HEEE1 R L o ST N o [
) - DEE0E] T L o 2+, QI
¥ - CIEEEEEL ERETERA Lo =, 2+ B
BrYcd=3 . ®¥x*2+3 _F~P¥x+T7_ 999999,

HMAIN RAD AFFROA FUNC
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1 F F= F FE FE¥ | _Fr
- E Flot Setup|Cell|Header|Calc|Util|Stat
0ATH ||

cl o2 o3
1 .1 10, Ctadd
2 01 1G0T
3 L
4 « EE CICEE, ~ ..
] « DEEE CICEEE, < .,
& « CIEEEE1 CIEEEGHE. ..,
7 « DEEEEET CIEEEGHEE, ...
Br3c2=1000. Cx+ . 0013—-1000_. x
TIRIN FAD AFFRO% FUNC

Unfortunately the limitations of the display do not make it obviousin this example that the terms
after the 3% do indeed tend to zero.

Let us try another function: f(x) = 1/x

c2=(V(xx+cl)-lx)/cl
Again, the output in column c2 is not obvious, but scrolling down the column and keeping an eye on
the entry line, we see that we have the sum of two fractions. In such a case the function
COMDENOM( ) comesin handy:

c3= COMDENOM( c2)

|’E1 T Fz F= 4 FE FE™ |_F?
- E Flot Setup|Cell|[Header|Calc|Util|St.at
OATH |1

cl o] [}
1 .1 At 13 |- <™,
2 L1 GG A O] -1 O ™2,
3 L EE1 CIEE, ~Cod, | -1 < Cw™2,
4 . CEE 1 CIEEE, <Ot | -1, < Cn™2E+, .
3 L HEEE1 CIEEEE, <o | -1 < C™2,
) « CIEEEET CIEEEGEE, <] -1 A Cw™E+,
7 « DEEEGEET CIEEEAGEE, .
BErdci="1_- Cx™2+1 E~P¥ud
MAIN FAD AFFROG FUMC

and we see that the result ssmplifies to the form where k tends to zero, giving the

x> + kx

expected resullt.

Finally, hereis avery interesting example: f(x) = sin(x)
c2=(sin(xtcl)-sin(x))/cl
and to expand out the compound angle:
c3=TEXPAND(c2)
Theinitia screen seemsto indicate a result of the form a.cos(x) + b.sin(x) where atendsto 1 and b
tends to 0. However, scrolling down afew lines gives a remarkable result:

1 Fz Tz T 3 Faw | Fr 1 Fz Fz 4 3 Fav |_F7
|~r E Plot Setup|Cell|Header|Calc|Util Statl |‘-r E FPlot. Setup|Cell|Header|Calc|Util|Stat
ORTH | DaTh [k LExpandicy)

cl [ cl o] [
1 .1 H.#0sintsx | 99833417, 3] a]cToe]of] CIEGEHEE, # 0, |1 koS (=,
2 NoH] GE.kCsing. . 99993333, T o EIEGERE L CIEGEHEEE, *. | cos (i = CIE...
3 TR HEE. #Csin. . 99999983+, = CIEGEEEE CES¥Csint. |cosixd
L) o]cTo}] CIEGEE, #0si, |1 koos(xi—. el -E-9 SEFRCsin. oSt
=] o EIGGEL CIEEHE, (s, |1 koos (xi—. 1a -E-10 SEllkCsin. |costxd
& a]cToe]of] CIEGEHEE, # 0, |1 koS (=, 11 -E-11 Ell#tsin.|costxd
7 o EIEGERE L CIEGEEHEEE, *EGDE(X)—. EIEIH_ 12 -E-12 SEl1Z*isin..,
c2={(sintxtcli—sin{x2d cl BriZ2ci=cos{x>
MAIN AP AFFROR FUNC HAIN AL AFFROR FUNC
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The above approach to "differentiation by first principles’ is based on forward differences. Thisis

the standard approach generally take in schools and colleges, since the algebrais not too difficult to

do by hand. However, the central difference approach, namely

f(x+h)—-f(x-h)
2h

more intuitive and appealing:

f'(x) =lim,_, is not only more quickly convergent but diagrammatically

wh x x+h

We shall now investigate this method using a T1-92 spreadsheet.
Start a new datasheet called "diff2" in your "spread” folder.

We shall revert to the original example of f(x) = x* and compare the two methods:

cl=SEQ(0.1%i,i,1,10)
c2=((x+c)"2-x"r2)/cl
c3=( (X +Cl)"2- (x-cl)*2)/(2*cl)
viﬂ F'lc\t,FzSet,up CF;ll Heralider* I:Faslc, UE,EJ'TI SEat

DATH 1}y Farward |Eentr‘al
cl cd
1 .1 Zokik A5 |2 e
2 .01 2.kt QAT 2, e
3 Mo]o}] 2kt DO 7.
q « CIGEL 2okt DEE.Z . e
5 « CICIGIE] 2ok ek DEEL P, e
3 « DIEGEGL 2ok ik DEEL 2.
T « CICGIEGE L 24k Lt DEE[ 2.

c3=C({x+cl 22— Cx—cl 325 /(2%cld

FAIN EAD AFFROH FLUHC

Amazing! Well, perhaps not so amazing if we approached it algebraically pen-and-paper, since
everything drops out neatly in the case of f(X) = X°.

1w B B & FE FE™ | 7
» g=—|Flot. Setup|Cell|Header|Calc|Util|Stat
DaTh |Central ErtorFud Ert-orCht
o3 o
SO O Feket, 01 01
O, O] O3, GO, GGG
2, O] O0T e, D0, OOE0ET
R ar-a s T N o o S P A )
O E4E. | OOEET A+l |1 E-10
SO I4T, | OEEEEEsm+ |1 E-12
T P I Te T e e e F T
ch=cI—d{x™3 x>

FAIN KAD AFFRON FUHC

Perhaps we could now compare the accuracy of the two methods by considering their errors. Take
the case f(x) = X°.

cl=SEQ(0.1%i,i,1,10)

c2=((x+c)*3-x"3)/cl

R I R
L8] ] [ [ [ L L
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c3=((xX+c)"3-(x-c)"3)/(2*cl)
c4=c2-d(x*3,x)
c5=c3-d(x*3,X)

So we see that in this case, the error of the second method is superior, being independent of x. Also,
in this particular example, we see most clearly confirmation of the well-known result that the error
of this method is of order h?.

TASK: Use the spreadsheet approach to investigate other derivatives by first
principles.

Activity 7: Integration and areas

In the previous activity we considered differentiation by first principles. We shall now consider
integration and show how the integral is related to the area bounded by the graph. We shall do so on
the basis of upper Riemann sums and use the test function f(x) = X°.

We shall demonstrate how the area

beneath the curve between the limits
3

X= Oandx:tapproach%%

as the number of rectangles increases. f) ) = w2

Suppose there are n rectangles.
Each will have width t/n.
The height of thei'th rectangle will be

(i* (t/n))* and hence the area will be F
(t/ny* (i* (@) = (t/n)°* (i)®

Therefore the total area of the rectanglesis Z%%(l)z for some specified n.
t &y _
This simplifiesto %QZG) and we shall takentobe1, 2, 4, 8, 16, ....

Start a new datasheet called "riemann” in your "spread"” folder.

cl=SEQ(2"i,i,0,50)
c2=t/cl
c3=(c2"3)* X(i"2,i,1,cl)

Bowers: Calculatorsand Spreadsheets— All Together Now? Page 20
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|‘F1 T F TF3TF'| Trs Trsv]’r?‘l
vE Flot Setup|Cell|Header|Calc|Util|Stat

DATH [y Width Hi&a

cl o2
1 1. t. 1.#t"3
2 2. Dkt L E25HL T
3 4. 2okt 4EEPSHLF
4 2. 125+t e
= 16,  QIE25#E SET23438..
& 32, L3125+t [L34912109..
7 &4, L1562+ | 34112652

1 F F= F FE FE¥ | _Fr
- E Flot Setup|Cell|Header|Calc|Util|Stat

c3=c2*3¥ECi"2,.i, 1,el1d

DATH [y Width Ares
cl =] c3

45 |1.79922el3[5. 6843419, [ 33333333
46 |3.518944el3[2, 29421709, [ 33333333
47 |F. 03687l 3[1.4210955. [ 33333333,
48 1. 40737Fel 47, 1054274, [ 33333333
49 2. 81475el 43, 5527137, [ 33333333
o0 |5.6295e14 [1,7re3568. . d-d-édd-éd-é-
21 [1.1259e15 (2. 2217942 PsRRkant

HMAIN

ERD AFFRO

FUMC

Brblc3= 33333333333333*1;'*3

HMAIN

ERD

RFFEOY

Note how the result converges, slowly but monotonically.

o

Contents

TASK 1: Verify some other integrals using the upper Riemann sum, by modifying

this spreadsheet.

TASK 2: Try to implement other methods (midpoint rule, trapezoidal rule) and

compare their convergence.

Activity 8: Reduction formulae

Sometimesiit is possible to express an integral in terms of arelated, but smpler, integral. Thisis

known as areduction formula. A common application isfor high powers of trigonometric functions.

For example,

If 1

n

cos"xdx , then nl

-)

Firstly, let us verify the above reduction formula.
Start a new datasheet called "reduct” in your "spread"” folder.

cl=SEQ(i,Ii

,1,10)

c2=[((cos(x))*cl,x)
c3 =J((cos(x))*(c1-2) , x)

= cos"*?

c4 =cl*c2- (c1-1)*c3
1 B B & FE FE™ | 7
vE Flot. Setup(Cell [Header|Calc|Util [Stat
BATA [T dnd Ich—22 nlcha—gmn—1..
o [t} o

1 Sintxd lndabsdcos. Jsindxy

2 sinlxikcos. = sinCxidcos..
3 sindxikico. fsind=y sindxi+lco.
4 sintxidklcofsintxidcos. |sintxisco..,
=1 sinCerk(Sk [sindxrsico|sintxrkico.,
& sintxrkicofsindxisico.|s n(x)*(cu...
v = n{x}*{S*H LRSI =
BrYcd= 51n(x)*(cus(x))Aﬁ

HAIN RO ERACT FUNC

xsnx + (n=1I_,

A spreadsheet approach is suitable for investigating reduction formulae, sinceit is possibleto list
resultsfor all valuesof n(n=1, 2, 3,4, ..

Bowers: Calculatorsand Spreadsheets— All Together Now?
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By scrolling down column ¢4, we see that it indeed appears to be the case that
nl, —(n-11,, = sinxcos"*x
thus verifying the reduction formula.

It isaways useful to remember that functions defined in the Home screen retain their definition in
the DatalMatrix Editor. A more succinct implementation of the aboveis:

[((cos(x))*n,x) STO> I(n) cl=SEQ(i,i,1,10)
c2=cl*I(cl) - (c1- 1)*I(cl-2)
R i it [rrae prantafnieee x| [ imbP1ot Setup|cel 1 [Henter cale Ut i1 shat
DATA
cl _GS
1 1 Sintxd
2 ] Sintxicos..
3 3 Sintxikico..
L 4 Sintxidico..
=1 5 Sintxidlco..
" ) & = Sinixi*ico.,
'I[(-:-:-s(x:lj ]l:i!><-> iCn) 77 Sintxs*ico.
JCCcosxdd*n x>+ 1<n> c2=cl¥idcl1d—Ccl-1>¥i{ci—2>
HalN FAD EXACT FUHC i/1 HalH FAD EXACT FLUHC
TASK 1. Verify the following reduction formulae:
tan"™ x
If In:Itan”xdx,thenIn= -1,
n-1

If 1, :Isin”xdx, then nl, = —sin"* x cosx + (n-1)1,_,

A particular application of reduction formulae leads to Wallis's Formulae.

s

Let J, = stin”x dx
We shall demonstrate the relationship between J, and J;.»

In Home screen: J((sn(x)*n,x,0,1w2) STO> J(n)
cl=SEQ(i,i,1,10)

c2=J(cl)/J(cl-2) ensure EXACT MODE

via F'lu:utrzSetup EF9311 Heraqder* Erasli; Uisivl SEat

DATA |k J(n)/J(n—zbl
cl [=s]

1 1 2]

2 2 152

3 3 27

4 |4 o4

=] 9 45

& [ 56

¥ i &7

c2=3Cc13/(j(c1-23>

FAIN EAD EXACT FLUMC

. J n-1 n-1
Thuswefindthat —— = —— whence J, = — J,_,

J. n n

Bowers: Calculatorsand Spreadsheets— All Together Now? Page 22



o

Contents

Fourth International Derive T1-89/92 Conference

Thus, when n is odd, we can write J, in terms of J;, and when n is even we can write J,, in terms of
Jo. Thevaues of J; and Jy can be quickly found from the Home screen:

|‘F1 T Fer T 5 T Fa T FE T FE

vﬂ Alaebra|Calc|0ther |PramI0|Clear a—z...]
I

. E‘T’ [(sin(x)jn]dx E Y] Dote

= icld 1

LRI =

W

HAIN FAD ERACT FUHL /50

Thus with little effort we have deduced Wallis's Formula:

= when n odd

(N(n-2)(n-4)...(1)(39)

IZgnnxdx _ (n=(n-3)(n-5)..(6)(4)(2)

i = (17D-3(-5.EEW 7
k (M(N-2)(n-4)..(E)A)D) 2

when n even

and these results can be BATH Tiro

viﬂ F'lc\t,FzSet,up CF;ll Heralider* I:Faslc, UE,EJ'TI SEat
displayed in a spreadsheset:

|

c3

1

e
273
Jn-16
215
SN EE
16-35

) [ R
| L L | B () ) g [l

c2=j%cld

FAIN EAD EHACT FLUHC

Activity 9: Probability distributions

A numerical spreadsheet is an ideal environment for presenting the probabilities given by a
specified discrete probability density function, since P(X = X) is given as afunction of x.
Furthermore, it is possible to change the values of the parameters and observe the change in the
shape of the distribution.

Let us run through a Binomial distribution, and generate some distributions.
Start a new datasheet called "bindist" in your "spread” folder

I‘Fi ]’ B Tr;]’ & Trs Trsv]’r?*l
va Flot. Setup(Cell [Header|Calc|Util [Stat

DATR | Prob o H=mx

cl o2
1 o] tp=12"6
2 1 ~Ekpkip—10"5
3 2
4 3 AL L
=] 4 15#p~ddip—1..
) ] CEHp T ip=10
v [ pE

Bric2=15¥p*2¥{p—1 >"4

FMAIN RAD EWACT FUHC

We shall consider arandom variable X = Bin(n,p) with n =6 and p variable.
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cl=SEQ(i,i,0,6)
c2 = (6!/(c1!*(6-c1)!))* p~cl* (1-p)(6-cl)

The value of p can be set (e.g. to 0.2) by entering 0.2 STO> p inthe Home screen.
By defining ¢3 =sum(c2) we can confirm that the total probability is 1.

|‘F1 T Fe F= T4 FE FE™ |_Fr
- E Flot. Setup|Cell|Header|Calc|ltil|Stat
DATH |2 Probtid=x2 |T|:utF'r*|:ub
cl cd
1 o, 26214 1.
2 1. R
3 2 24576
L 3. e
=1 4. - H1536
= 5. L HE154
¥ G. « HEGGE
cl=sumic2
AN FAD_AFFROR FUNL

The graph of the distribution can be displayed.

F2: Plot Setup

F1: Define and fill in the dialog box as shown

E-’ sereddhbindist Flok 1 "h_‘|

e Plot Topes.ouaas Histograms -
g Ghim b

Tl M mnmnm s [=51

2| Rizt. Bucket Width I

4| Use Fresq and Categories? YES+

5 == . [=te]

gl Categord....i..a,

71 Include Categories [£X

= Ent.er=5SALE CESC=CAMCEL > ™

TYFE + [ENTERI=OF AND [ESCI=CANCEL

[¢ ] WINDOW and choose -1<x<7 , -0.1<y<0.5
[¢ ] GRAPH

1 Fex |_ F= Fu FEx |_FE™ [F7
- E Zoom|Trace |ReGraph|Math|Draw |« ff

I —

[ELIL] EAD AFFROH FLUHC

The algebraic facilities of the TI-92 allow us to analyse the general case of the Binomial
distribution. Let us now derive expressions for its mean and variance.

First delete the value of 0.2 we assigned to p earlier:
[2"] VARLINK and scroll down until you find p
F1: Manage
1: Delete
We can also get rid of our column c3 (the total probability)
F6: Util
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2: Delete
3: Column
I‘Fi T FZ Trs]’ &) Trs Trsv]'r?]
vﬂ Flot Setup|Cell |Header|Calc|Util|Stat
DATA | Prob ts=ux
cl

1 Q. tp—1. 306, 0

Z 1. CELkpkip—1. ..

3 Z. 15, #p~@k(p—..,

4 3. “20. #pTkip..

=] E 15, kp~da{p—..

[ 5. “E . kPSR (p—

T G, [
c2=6t'/Cclt*¥{b—cl > >xpicl¥{l——p.
AN FAD AFFROR FUNC

Recall that the mean of a probability distribution is given by z Xp
and the variance is given by z x*p - (z X p)2

c3=cl*c2
c4 =SUM(c4)
cS=clr2* c2
c6 = SUM(cb)
C/=Cc6-c4"2
|‘F1 T B F= Fu FE FE™ |_Fr |‘F1 T Fe F= T4 FE FE™ |_Fr
- ﬂ Flot Setup|Cell |Header|Calc|Util|Stat|f|- E Flot Setup|Cell|Header|Calc|ltil|Stat
DATR |ProbCi=xy [xep Eiix DATH ™ Zekp Eck™20 LlgpCi
c c3 cS cE
1 tp—=13*6 0] Ekp 1 0] Gekpek CSdp+] 3] -Edpkip—12
Z cEdpekip—10. | -Edkpkip—12. 2 cEkpkip—12..
3 154p2daip— [ IEEp 2k p— 3 SEHp 2k p—.
4 L0 = =T = O =R = L Sl
5 154p~ddp— [GE+p dk(p— . =1 2ddptdd e
& “Edp SR p—. | “SEkp SR Cp.. = “1SEkp S
T B EHp™G v SEHpE
cd=zumi{ci> c?=cb—c4*2
MAIN FAD ERACT FUHL HAIN FRD ERACT FUNL

Thus we achieve the well-known results E(X) = np, Var(X) = np(1-p)

In our example above, n = 6. However, to verify the results for other values of n, all we need to do
isto edit the definition of column ¢l and choose a new upper limit:
Cl:SEQ(i o ,O,newn)
aswell as editing the definition of column c2 to replace the 6 by whatever new value we choose.
€2 = (newn!/(c1!™* (newn -c1)!) )* p~cl* (1-p)™(newn -Cl)

Try thig!
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Activity 10: Miscellaneoustasksfor further investigation

(Pleasefill in the blank boxes with any ideas that occur to you during the workshop!)

By setting up two columns of randomly generated complex numbers, verify by example the
following rules of complex numbers:

mod(z1z2) = mod(z;)mod(z,) mod(z1/z2) = mod(z;)/mod(z,)
arg(z1z) = arg(z) + arg(z) arg(zuz) = arg(z) - arg(z)

Can de Moivre's Law be demonstrated in a similar fashion?

Investigate the approximation for the second derivative:

y(x+h) = 2y(x) + y(x-h)

2 as h tends to zero

y'(x) =

Verify the small angle approximations
sing (18 cos 0 1-6%2
For what range of 0 are they within 1%7?

What degree of improvement is obtained by taking the next termsin the Taylor expansions, namely:
sn@ 00 - 876 cosH 01 - 672 + 8%24

Discover the product rule for differentiation by setting up a column (list) of functions of the form
x"sinx forn=1,234,... and differentiating this list.

Discover the quotient rule.

Discover the chain rule.

Investigate the incremental increaserule 0 A = 2—?5 t
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