Introduction to EXCEL
A spreadsheet design and a brief outline of some useful features of EXCEL are given.

Spreadsheet organization

Although you may be inclined to think of a spreadsheet as a single-page item, the terminology
used here is that spreadsheet refers to a collection of worksheets. The various worksheets talk to
each other as arranged by the spreadsheet designer. We might call this network the spreadsheet
architecture. We will use the architecture shown in the flowchart of Figure 1.

Spreadsheet Architecture

CHARTS
Data Input
Input Variables Named Here
X1, X2, X3, etc

ORGANIZATION BACKGROUND
Related Files Circuit Schematic
Flow Chart Instructions for use

DESIGN
Formulas Defined
Other Variables Named Here
Functions y, etc

X1_Varies X2_Varies X3_Varies
X1 is column variable X2 is column variable X3 is column variable
X2, X3 are from CHARTS X1, X3, etc are from CHARTS | | X1, X2, etc are from CHARTS

FIGURE 1

Example of spreadsheet organization
According to this architecture, data is input to the spreadsheet on worksheet CHARTS. This data is
communicated to the workhorse worksheets called X1_VARIES, X2_VARIES, etc. Using one data
entry point insures that all worksheets are using the same data: if data is entered on each
worksheet separately, a lot of time will be spent comparing worksheets to see if they all are on
the same page (excuse the terminology).

Another reason to use data entry on one page is convenience. On CHARTS the input data
can be changed and it is piped immediately to the other worksheets where the calculations on
those worksheets are immediately updated. We will place charts on the CHARTS worksheet that
report the results of the calculations on the worksheets X1 _VARIES, X2_VARIES, etc. Then, as
soon as the input data is changed on CHARTS, the graphs on CHARTS are immediately updated so
we can see exactly the effect of our changes. As a result, we can play with the input data and get
a feel for what happens to the results when the input is changed. We gain intuition this way about
how the system works.

The flowchart of Figure 1 is created using the EXCEL feature INSERT/PICTURE
/ORGANIZATION CHART. It is pasted on a worksheet. Then the name of the worksheet is changed
to ORGANIZATION, by right clicking on the worksheet tab at the lower left, and using the menu of
Figure 2 below.
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Insert...
Delete

Move or Copy... ﬂ

Select all Sheets

View Code
I\ Organization { Backaround £ Design /

FIGURE 2
Renaming the worksheet with the name ORGANIZATION

CHARTS worksheet

We set up an input data worksheet by renaming one of the worksheets CHARTS, just as in Figure
2. Then on CHARTS we set up an INPUT DATA box. We highlight the variable values (1, 2, 3) and
the variable names (X_1, X_2, X_3) and select the menu INSERT/NAME/CREATE, as shown in
Figure 3. The CREATE NAMES menu appears and we click OK. Cells 18, 19 and 110 then are named
X 1, X 2and X_3.

Ilnsert Format Tools Data Window Help Acrobat
Cells...
Rows
Columns [ F [ 6 | n 1
Worksheet

ﬂ Chart...

Page Break
Foe Function...
Mame
{3 Comment

Picture

Object...
% Hyperlink...  Cerl+K

FIGURE 3
Making the input data X_1, X_2, and X_3 NAMED VARIABLES

Using NAMED VARIABLES enables transfer of Information from the input on CHARTS to the other
worksheets. Now that variables X_1 etc have been defined, they are recognized on all the other
worksheets in this spreadsheet. Hence, a change in the value of X_1 on CHARTS is piped
immediately to all the other worksheets.

An underscore is used in naming X_1, etc because EXCEL sometimes uses names like
X1, X2, etc as cell names, so we cannot use these names as variables too. | can’'t be bothered to
remember which names fall into this category, so | use an underscore for all subscripts.

DESIGN worksheet

The DESIGN worksheet uses the input data to calculate the functions that depend on these
variables. For the sake of illustration we will suppose that EQ. 1 below gives the function we want

to explore:
EQ. 1
2
X
y=—2rn(x3).
X1

For this case the DESIGN worksheet is shown in Figure 4.
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By doing a complete calculation on this worksheet, we can check that everything is
working before we proceed. In a circuit design, we might calculate Q-point currents and voltages,
specifications, small-signal parameters or what have you. With all the formulas here, we then can
construct further worksheets simply by copying the columns on DESIGN and using EDIT/PASTE
SPECIAL with the TRANSPOSE box checked to paste rows on another worksheet. See Figure 5
below.

¥ ~| =| =(1HX 1) (X 22" LN(K_3)
6 [ H | I [ |

| 4 |DESIGN WORKSHEET

5

6 |

7 Design Point Read from CHARTS Worksheet

] X185
9 | X_2 3000000
10 X_3 4000000

11

12 Calculated
13| Y[273632E+13]

144 [» [#]{ Background }Design / Charts /? %1 _Varies [/ %2 varies [ %3 _Varies [

FIGURE 4
DEesIGN worksheet showing calculation of function y

Paste Special 21
Paste

= al " Comments

= Formulas ~ Yalidation

£~ Yalues ™ 4l exrept borders

" Formaks " Column widths
Cperation

' hane "~ pultiphy

i~ add " Divide

™ Subtract

[ skip blanks

Paste Link | Cancel

FIGURE 5
Preparing to copy the formulas from DESIGN onto another worksheet like X1_VARIES
checking the TRANSPOSE box

For example, copying the columns H8:113 in Figure 4 and pasting into a blank worksheet, we
obtain Figure 6 below.

L7 ~| =| =(1/_1) (X272 LN _3)
G | H [ 1 [ g0 T K Tt ]
B * 1 x2 x 3 Calculated b
7 5 3000000 4000000 |2.74|5+:13_I

FIGURE 6
Result of PASTE SPECIAL with TRANSPOSE selected

Deleting columns H to K, we produce the first rows in a spreadsheet where x4 will be the variable,
as discussed next.
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Calculating output: X1_VARIES, X2_VARIES and X3_VARIES worksheets

We name three other worksheets as X1_VARIES, X2_VARIES, and X3_VARIES. On these
worksheets we want to explore the dependence of our functions on X_1, X _2, and X_3. In our
case, these functions will be circuit properties, like resistor values, currents, bandwidths or
whatnot.

Thus, on worksheet X1_VARIES we want to use fixed values of x, and x5, but allow x4 to
change. Therefore, we import the values of x, and x3 from CHARTS, but we implement x;as a
column variable. To do this, we enter the values we want to consider in a column under heading
X_1. Then we highlight the x; column and its name, and again use INSERT/NAME/CREATE, as
shown in Figure 7. When we do this, the variable name X_1 from CHARTS is overridden, and the
column variable X_1 replaces the CHARTS variable X_1 only on this worksheet.

[Insert Formet Tools Data Window Help Acrobat

Cells...

| Rows
SOKHINE ER G| H
Worksheet

[l chart...
P ak

Py X1_VARIES WORKSHEET
Name

f_ﬂ Comment X_1 ¥
Picture 111.37E+14
2 2|6.84E+13
Object...

- ) 51 2.74E+13

W Hyperlink...  Ctrl+K al171E+13 ~

FIGURE 7
Naming X_1 as a COLUMN VARIABLE

Now we fill in the y-values by setting the cursor in the lower right corner of the first y-entry to
obtain a plus sign as in Figure 8. We hold down the left mouse button and pull the cursor down to
the end of the column, filling the formula for y all the way down.

| w7 ] =] =(1/_1)"({_2:2)" LN 3)

"G|H|I|J_K

X1

Y
1 |1.3?E+14!i_|
2

o~ &

FIGURE 8
Setup to fill in formula for y; cursor set at lower right corner transforms to a + sign

Next we name Y as a column variable, the same way as Figure 7. If we now highlight the Y-
column (without its name) we obtain the results shown in Figure 9 below.
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NAME Box FORMULA Box
A

Y ~| = =(1/_1)" (X 22" LN{X_3)
F | 6 [ H_ [ 1 J
4 | X1_VARIES WORKSHEET
5
(6|
7| X1
[ 8 |
(9|
(10|
(11
12 10[1.37E+13
[T 20| 6.84E+12
(14 50| 2.74E+12
15| g0[1.71E+12
16| 100]1.37E+12

FIGURE 9

The column variable Y as a function of X_1; the name of the output column Y appears in

the NAME Box, and the formula of EQ. 1 for Y appears in the FORMULA BOX

In EXCEL there is a precedence list for the order of arithmetic operations. However, to
avoid learning this order, | just use parentheses to insure the order is what | expect. So in the
formula for Y, | have introduced parentheses around (X_22), just to be sure that the power 2 is
used for X_2 and not the power 2*LN(X_3).

Graphing output
To plot the dependence of Y upon X_1, we simply highlight the values in the X_1 and Y columns
and invoke the CHART WIzARD, as shown in Figure 10 below.

6 [ A [ 1T [ 3 [ [

- |
[0« | @ = % 8] ﬂ”ﬁ"_wa% - )

|X1_VARIES WORKSHEET W
Chart Wizard - Step 1 of 4 - Chart Type ] 2] x|

Y Standard Types I Custom Types |
1.37E+14
B.B4E+13
2.74EH13
1.71E+13
1.37E+13
B.64E+12
274E+12
1.71E+12
1.37E+12
B.84E+11
2.74E+11
1.71E+11

1.37E+11

B.64E+1D Scatter with data points connected by
2. 74E+10 smoothed Lines.

1.71E+10

14 274N

>

Chart type: Chart sub-type:

S8ERBonm -

=

SRR

FIGURE 10
Using the CHART WIZARD (see cursor pointer) to obtain an xy (scatter) chart of Y vs. X_1

The initial plot is not very pretty, as shown in Figure 11.
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FIGURE 11
The initial xy-plot of Y vs. X_1

There are a number of menus that can be exercised to improve the plot’s appearance. But for our
purposes, you can simply copy the final chart in the EXCEL file, shown in Figure 12 below, onto
your worksheets and the formatting is complete without any fiddling. In case you want to change
formatting, some of these menus follow.

2E+14 { ==Y

1.E+14 ¢ O DESIGN POINT
1.E+14
1.E+14
8.E+13 |

6.E+13 - 2.74E+13
4 E+13
2.E+13 -
0.E+00 4

1.E+00 1.E+02 1.E+04 1.E+06

X_1 (Units)

Y (Units)

X1_Varies

FIGURE 12
Formatted version of chart

We make the x-axis logarithmic by right clicking on the x-axis labels and selecting FORMAT AXIS.
Choosing the SCALE tab, we elect LOGARITHMIC. See Figure 13 below.
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21X

| Font I Mumber I Alignment

Patterns
Value (%) axis scale

Auto

v Tlinirrur: Il—
v Maximurn: IW
V¥ mMaijor unit: 100
V' Minor unit: 100

V¥ Yalue () axis
Crosses ak: 1

Display units: INone vI ¥ shove display units label on chart

[ Logarithmic scale
[ walues in reverse order
™ walue () axis crosses ab masximum value

44 I Cancel

FIGURE 13

Making the x-axis logarithmic by checking the LOGARITHMIC SCALE box.
The label “X1_Varies” in the lower left can be inserted using the option for a chart title,
accomplished by right clicking on the chart and filling out the menu of Figure 14 below.

Chart Options ed |
| Axes I aridlines I Legend I Daka Labelsl
Chart title:
|><1_\-'aries
LE4 ——
'\."EI_|UE l:x) axis: O BESIGHROIHT |
1.E-14
[ _1 {unis) ek
Yalue () axis: 3 e 1‘
[ (Units) e
Foaen 2 T4E+13
Second cakegory (%) axis: e
I LE1Y h‘
LE-IN
Second value () axis; LEE LEM LER LEE AEE AEES LEEE AER
I I1_Tariar T_A [Waila]
@l [a]4 I Cancel |

FIGURE 14
CHART OPTIONS menu for filling in the title and the axis labels

To get a white background, we right click on the background and select FORMAT PLOT
AREA to obtain the menu of Figure 15. We select a white background.
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Format Plot Area 2=l

ip

:Border : ~Area
 Automatic  Aukomatic
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Cletey EEEEEEEN
[ SN R D R B B
| H —_—
s | C pnEmammE
color: [ N ~ | IDDIDIIF
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Weight: I _— vI
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sl Fil Effects... |
|

a4 I Cancel |

FIGURE 15
Setting a white background for the plot by clicking on the white square at the lower right of
the color palette
The labels used for the axes are set by right-clicking on the axis and filling in the menu of
Figure 16.

Format Axis el

| Aligrment |

Patternsl Scale | Font

Category: ample

zereral ;I 1.6E+14
Murnber
Currency Decimal places: |1 5‘
Accounting

Drate

Time

Percentage

Fraction

Scientific

Text
Special

Cuskom LI

[ Linked to source

K I Cancel

FIGURE 16
The FORMAT Axis menu for setting the number format on the axis; the ScALE tab allows
setting the scale as log or linear and the max and min number on the scale

The colors and symbols used for the curve itself are set by right clicking on the curve and filling in
the menu of Figure 17 below.
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FIGURE 17

The FORMAT DATA SERIES menu for setting the weight, color, and symbol used on curves
The name of the curve that appears in the legend is set by right clicking on the chart and

Format Data Series

Series Order I

Opkions

Coor: N~ |

Axis I # Error Bars I
rLine rMarker
& Aukomatic o Aubornatic
" Mone " Mone
& Custam ' Custom
Shyle: Ii vl Shyles I L vl

Foreground: I.C\utornatic "I

21|

Y Error Bars

Weight: I_ vI Background: ||:| vl
[ Smoothed line
Size: Is 5‘ pts
Sample
[ shadow
oK I Zancel

selecting the SOURCE DATA menu of Figure 18. The name used in the legend is entered in the
NAME box. In this case, the cursor was placed in the NAME box, and then clicked on the label Y

(shown in a dashed box), causing the name of the curve to be taken as the entry in cell
X1_Varies!$H$7 (in the NAME box, X1_Varies! refers to the worksheet, H7 to the cell).

FIGURE 18

| @ s 57 | o 2/
| DataRange  Series |
HT :I . LA - =]
G ! H ‘| e o eCICnFoINT |
7 ISR
8 1 247E+14 71
9 2 1.23E+14 e 3
10 5 4 94E+13 * e
il 8 3.0BE+13 -
12| 10 2.47E+13 . ™
E 20 123E+13 1.E00 |.¢.vll |.¢r-II 101 1EM 1605 1.E.408 e
14 | 50 4.94E+12 1, Forior o pmetn
15 80 3.08E+12
16| 100 2.47E+12  Series
17 200 1.23E+12 Mame: |=K1_Varias!$H$7 }J
% %g gg;g:” % Values: I=K1_Varias!$G$ﬁ:$G$36 :k_]
20| 1000 2.47E+11 =l vvelues: [=x1_variesigrssigtgse %]
21| 2000 1.23E+1 T |
22| 5000 4.94E+10
23| 8000 3.08E+10
24| 10000 2.47E+10
25| 20000 1.23E+10
26| 50000 4.94E+09
27| 80000 3086403 ()] [ o |
28| 100000 2.47E+09

¥

S

[» [»l{ Background £ Design [ Charts )X1_Varies { X2 Varies f X3 Varies /

Setting the name that labels the curve in the legend
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Adding additional curves

The menu of Figure 18 can be used to add other curves to the plot as well. Simply click the ADD
button and fill in the NAME, X VALUES AND Y VALUES. For each box in turn, first clear the box, then
put the cursor in the box, and then highlight the cells you want in that box.

Adding the Design Point

The DESIGN POINT shows the value of y at the selected (x4, Xo, X3) on the DESIGN worksheet. For a
spreadsheet set up for a circuit design, this would be the values of the circuit parameters for the
design we are looking at, and the curves would show us how the circuit specification y would
change if we moved this design point.

The DESIGN POINT is a data series with only one point. The origin of the data for this point
is found by clicking on DESIGN POINT in the SERIES window of Figure 18. Right clicking on the data
point and selecting FORMAT SERIES produces the FORMAT DATA SERIES menu of Figure 19. The
PATTERNS tab allows us to choose the symbol and line weight to attach to this series. Right
clicking on the label on the chart allows us to format the label using the menu of Figure 20.

Format Data Series 2lx
Patterns I Bxis | % Error Bars I ' Errar Bars
Data Labels Series Order | Options
5ka labels
£ Mone

% Shaw value

" Show percent

£~ sShow |abel

€ Show label and percent
" show bubble sizes

[~ show legend key next ko label

CK I Cancel

FIGURE 19
Selecting the SHOw VALUE data point label

Format Data Labels 2x

Patterns I Fank | Aligriment I
Cakegory: ample
s

General 2.74E+13
Mumber
Currency Decimal places: |2 3‘
Accounting

Date

Time

Percentage

Frackion

Scientific

Texk
Special

Cuskam ;I

[ Linked ko source

FIGURE 20
Formatting the data labels
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Creating other worksheets by copying

We can repeat the procedure used for X1_VARIES for the other worksheets X2_VARIES and

X3 _VARIES. To simplify the process of making these other worksheets, we use the menu

EDIT/MOVE OR COPY SHEET to make a copy of worksheet X1_VARIES, as shown in Figure 21.
Another approach is to position the cursor over the name tab and hold Ctrl+Shift. An icon

showing a page with a +sign appears above the cursor. Drag it to the right of the name tab and

release the keys. A copy of the worksheet appears.

Move or Copy 2 x]

Move selected sheets

To book:

Excel Inkro,xls j

Before sheet:

Organizakion re
Background

Design

Charts

%2 \aries |

(04 I Cancel |
FIGURE 21

Creating a copy of the worksheet X1_VARIES with the CREATE A COPY box checked

We then rename the copied worksheet as X2_Varies. On this new worksheet, we set the column
variable name to X_2, and use INSERT/NAME/CREATE to name this column and the Y-column. We
edit the x-axis label and the title of the chart to refer to X_2.

Now we have to set X_1 to the value on CHARTS. Because we copied this worksheet from
the worksheet X1_VARIES, the variable X_1 presently refers to the column variable, not to
CHARTS. We use the menu INSERT/NAME/DEFINE and select variable X_1, as shown in Figure 22.
The box at the bottom of this menu shows that X_1 refers to worksheet X2_Varies.

Define Mame

Mames in workbook:

k.

XZ_‘-.-'ari Close

XKE_Varies

Delete

Refers to:
|=wz_variesi$aga:sagan

i \_\_[t

FIGURE 22
Preparing to delete the reference of variable X_1 to worksheet X2_VARIES
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We hit the DELETE button. Now we highlight X_1 again, with the results shown in Figure 23. The
box at the bottom of the menu shows variable X_1 now refers to the worksheet CHARTS, as we

wish.
Define Name d |
Mames in workbook:

04 I
n2_\aries Close |
nZ_Maries add |

Delete |
[~
Refers to:
|=Chartsigge EY
FIGURE 23

After DELETE, the variable X_1 on worksheet X2 VARIES now refers to CHARTS worksheet,

as desired on worksheet X2_VARIES
The new X2_VARIES worksheet looks like Figure 24. The formula in the Y-column uses named
variables, so it automatically picks up the correct values for X_1, X_2 and X_3. The chart
automatically refers to the correct columns, so we do not need to redo the chart beyond editing
the title and axis label, and in this case changing the x-axis from logarithmic to linear.

Y ~| =[ =(1/X 1)< 2227 LNGK_3)
G | H | | K_ [ L [ ™M [ N [ o [ P |
| 4 | XZ_VARIES WORKSHEET
5
6|
| 7 | X2
8 1[3.04E+00
4E+14 ——y
9 2|11.22E+01
0O  DESIGN POINT
10 5| 7.60E+01 3.E+14 J‘
1 5| 1.95E+02 3E+14
12 10|3.04E+02 ) /
£ 2E+14 ;
13 20 1.22E+03 £
14 50| 7.60E+03 T 2E+14 P
15 30| 1.85E+04 1E+14 4¥——— 2. 74E+13 )
16 100| 3.04E+04 |
17 200| 1.22E+405 SE3 M
18 500| 7.60E+05 0.E+00 -
19 500| 1.95E+06 DE+00  2E+06  4E+06  B.E+D6  S.E+06  1.E+07
20 1000| 3.04E+06 X2 Varies X_2 (Units)
21 2000| 1.22E+07 -
22 5000| 7. 60E+07
23 8000 1.95E+08|
144 [» [plf Background A Design f Charts £ X1_Varies ) X2_Varies { X3 Varies /

FIGURE 24
New X2_VARIES worksheet

Reporting back to CHARTS

The plots of Figure 12 and Figure 24 as well as the plot from X3_VARIES can be copied and
pasted on the CHARTS worksheet. Then we can see what the functional dependence of Y looks

Unpublished work © 2004 by John R Brews Page 12

1/7/2005



like for whatever values of X_1, X_2 and X_3 we choose to input. The CHARTS worksheet looks

like Figure 25.
G | H | J K | L v T [ [ @ | R B T T
4 |CHARTS WORKSHEET 2E.14 ' 4E3 -
s Ed— | O DESIGNPOINT AR [ | | |
1E-14 ! o
] w \ 2E3
----- ¥ 1Em -
578 Input Data £ sEm i 2L 2Ea ?», 2.79E413
8 ¥_1 S.00E+00 S sEa 2.74E+13 S en
9 | X_2 3.00E+08 * 4E3 I 2 Eng
2E13 1E+13 &
_:Iﬁu_ 2314 DOE+06 0.E-00 b sz & [ ==¥
¥ 3 X a ) DESIGN POINT
o 1E«00 1«02 1E04 1E06 Rl |
13 R OE-00 2E:06 $£:06 GEWE SE06 1EO7 LEO7
= X1_Varies X3_Varies ¥_3 [Units)
1? 4E-1 4| —o—V
i aE4 | O DESIGNPONT —
15 5 o —
20 % 2E-H
21 2 26 e
i >
£ AT 2.74E+13 a‘
23
24 SE-13 |
25 0E-00 <M | !
26 DE-00 2E.06 4E.08 BE.08 SE.08  1E.07
27 i %_2 (Units)
e X2_Yaries =
28 | —
23
(=11 I R N
14| 4[» [M{ Background [ Design ),Charts { %1 _Varies [ %2 _Varies [ %3 Varies [ il

FIGURE 25
Final form of CHARTS worksheet

Exercises

1. Add charts to worksheet chart with logarithmic scales for both x- and y-axes: paste copies of
each chart next to the existing chart, right click on each axis to get the FORMAT AXIS menu,
choose the ScALE tab and check the LOGARITHMIC SCALE box. On the y-axis change the
CROSSES AT box to the value 1E-300 to force the labeling of the x-axis to the bottom of the y-

axis.

An annoying feature of log plots in EXCEL is the warning menu of Figure 26 that pops up
whenever a negative or zero value is amongst the values plotted. One way to avoid this
problem is to make a new Y column for log plots that checks for negative values and
marks them as not available. For example, next to the existing Y-column, make a “Y for
Log” column that has this entry: =IF(Y<=0,#N/A,Y). This statement is interpreted as
follows: if the value of Y is less than or equal to zero, enter #N/A (not available); otherwise

enter the value of Y. Then use this “Y for Log” column as the plotted y-values for the log

plots.

Microsoft Excel

Megative or zero values cannot be plotked correctly on log charts, Only positive values can be interpreted on a

logarithmic scale. To correct the problem, do one of the Following:

& « Enter only positive values (greater than zero) in the cells used ko create the chart.

 In the chart, click the axis wou want to change. On the Format menu, click Selected Axis, Click the Scale tab, and

then clear the Logarithmic Scale check boz,

FIGURE 26

The annoying warning that crops up when using log plots in EXCEL: this menu has to be

repeatedly “okayed” to proceed with any work; and every time the worksheet reevaluates

because of some change, this menu pops up again

2. Suppose that particular values X_1C, X_2C, and X_3C have been identified for comparison
with other choices. We want to add curve Y23 = (1/X_1)*(X_2C"2)*/n(X_3C) to the plot on
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worksheet X1_Varies, Y13= (1/X_1C)*(X_222)*In(X_3C) to the plot on worksheet X2_Varies,
and Y12=(1/ X_1C)*(X_2C*2)*In(X_3) to the plot on worksheet X3 Varies. These plots with
the extra curves are to replace the charts presently on the CHARTS worksheet too, and the
values of X_1C, X_2C and X_3C are to be named input variables on CHARTS, similar to X _1,
X 2, and X_3. Make these changes to the spreadsheet. For illustration, use X_1C =5, X 2C
= 4E6, X_3C = 5E6.
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	�
	Figure 2
	Renaming the worksheet with the name ORGANIZATION
	Charts worksheet
	We set up an input data worksheet by renaming one of the worksheets CHARTS, just as in Figure 2. Then on CHARTS we set up an INPUT DATA box. We highlight the variable values (1, 2, 3) and the variable names (X_1, X_2, X_3) and select the menu INSERT/
	�
	Figure 3
	Making the input data X_1, X_2, and X_3 NAMED VARIABLES
	Using NAMED VARIABLES enables transfer of Information from the input on CHARTS to the other worksheets. Now that variables X_1 etc have been defined, they are recognized on all the other worksheets in this spreadsheet. Hence, a change in the value of X_1
	An underscore is used in naming X_1, etc because 
	Design worksheet
	The Design worksheet uses the input data to calculate the functions that depend on these variables. For the sake of illustration we will suppose that EQ. 1 below gives the function we want to explore:
	EQ. 1
	.
	For this case the Design worksheet is shown in Figure 4.
	By doing a complete calculation on this worksheet, we can check that everything is working before we proceed. In a circuit design, we might calculate Q-point currents and voltages, specifications, small-signal parameters or what have you. With all the fo
	�
	Figure 4
	Design worksheet showing calculation of function y
	�
	Figure 5
	Preparing to copy the formulas from Design onto another worksheet like X1_Varies checking the Transpose box
	For example, copying the columns H8:I13 in Figure 4 and pasting into a blank worksheet, we obtain Figure 6 below.
	�
	Figure 6
	Result of Paste Special with transpose selected
	Deleting columns H to K, we produce the first rows in a spreadsheet where x1 will be the variable, as discussed next.
	Calculating output: X1_Varies, X2_Varies and X3_Varies worksheets
	We name three other worksheets as X1_VARIES, X2_VARIES, and X3_VARIES. On these worksheets we want to explore the dependence of our functions on X_1, X_2, and X_3. In our case, these functions will be circuit properties, like resistor values, currents, b
	Thus, on worksheet X1_VARIES we want to use fixed values of x2 and x3, but allow x1 to change. Therefore, we import the values of x2 and x3 from CHARTS, but we implement x1 as a column variable. To do this, we enter the values we want to consider in a co
	�
	Figure 7
	Naming X_1 as a COLUMN VARIABLE
	Now we fill in the y-values by setting the cursor in the lower right corner of the first y-entry to obtain a plus sign as in Figure 8. We hold down the left mouse button and pull the cursor down to the end of the column, filling the formula for y all the
	�
	Figure 8
	Setup to fill in formula for y; cursor set at lower right corner transforms to a + sign
	Next we name Y as a column variable, the same way as Figure 7. If we now highlight the Y-column (without its name) we obtain the results shown in Figure 9 below.
	�
	Figure 9
	The column variable Y as a function of X_1; the name of the output column Y appears in the NAME BOX, and the formula of EQ. 1 for Y appears in the FORMULA BOX
	In EXCEL there is a precedence list for the order of arithmetic operations. However, to avoid learning this order, I just use parentheses to insure the order is what I expect. So in the formula for Y, I have introduced parentheses around (X_2^2), just 
	Graphing output
	To plot the dependence of Y upon X_1, we simply highlight the values in the X_1 and Y columns and invoke the CHART WIZARD, as shown in Figure 10 below.
	�
	Figure 10
	Using the CHART WIZARD (see cursor pointer) to obtain an xy (scatter) chart of Y vs. X_1
	The initial plot is not very pretty, as shown in Figure 11.
	�
	Figure 11
	The initial xy-plot of Y vs. X_1
	There are a number of menus that can be exercised
	�
	Figure 12
	Formatted version of chart
	We make the x-axis logarithmic by right clicking on the x-axis labels and selecting Format Axis. Choosing the Scale tab, we elect Logarithmic. See Figure 13 below.
	�
	Figure 13
	Making the x-axis logarithmic by checking the Logarithmic Scale box.
	The label “X1_Varies” in the lower left can be in
	�
	Figure 14
	CHART OPTIONS menu for filling in the title and the axis labels
	To get a white background, we right click on the background and select FORMAT PLOT AREA to obtain the menu of Figure 15. We select a white background.
	�
	Figure 15
	Setting a white background for the plot by clicking on the white square at the lower right of the color palette
	The labels used for the axes are set by right-clicking on the axis and filling in the menu of
	Figure 16.
	�
	Figure 16
	The FORMAT AXIS menu for setting the number format on the axis; the SCALE tab allows setting the scale as log or linear and the max and min number on the scale
	The colors and symbols used for the curve itself are set by right clicking on the curve and filling in the menu of Figure 17 below.
	�
	Figure 17
	The FORMAT DATA SERIES menu for setting the weight, color, and symbol used on curves
	The name of the curve that appears in the legend is set by right clicking on the chart and selecting the SOURCE DATA menu of Figure 18. The name used in the legend is entered in the NAME box. In this case, the cursor was placed in the NAME box, and then
	�
	Figure 18
	Setting the name that labels the curve in the legend
	Adding additional curves
	The menu of Figure 18 can be used to add other curves to the plot as well. Simply click the ADD button and fill in the NAME, X VALUES AND Y VALUES. For each box in turn, first clear the box, then put the cursor in the box, and then highlight the cells yo
	Adding the Design Point
	The Design Point shows the value of y at the selected (x1, x2, x3) on the Design worksheet. For a spreadsheet set up for a circuit design, this would be the values of the circuit parameters for the design we are looking at, and the curves would show us
	The Design Point is a data series with only one point. The origin of the data for this point is found by clicking on Design Point in the Series window of Figure 18. Right clicking on the data point and selecting FORMAT SERIES produces the Format Data Ser
	�
	Figure 19
	Selecting the Show Value data point label
	�
	Figure 20
	Formatting the data labels
	Creating other worksheets by copying
	We can repeat the procedure used for X1_VARIES for the other worksheets X2_VARIES and X3_VARIES. To simplify the process of making these other worksheets, we use the menu EDIT/MOVE OR COPY SHEET to make a copy of worksheet X1_VARIES, as shown in Figure 2
	Another approach is to position the cursor over the name tab and hold Ctrl+Shift. An icon showing a page with a +sign appears above the cursor. Drag it to the right of the name tab and release the keys. A copy of the worksheet appears.
	�
	Figure 21
	Creating a copy of the worksheet X1_VARIES with the CREATE A COPY box checked
	We then rename the copied worksheet as X2_Varies. On this new worksheet, we set the column variable name to X_2, and use INSERT/NAME/CREATE to name this column and the Y-column. We edit the x-axis label and the title of the chart to refer to X_2.
	Now we have to set X_1 to the value on CHARTS. Because we copied this worksheet from the worksheet X1_VARIES, the variable X_1 presently refers to the column variable, not to
	Charts. We use the menu Insert/Name/Define and select variable X_1, as shown in Figure 22. The box at the bottom of this menu shows that X_1 refers to worksheet X2_Varies.
	�
	Figure 22
	Preparing to delete the reference of variable X_1 to worksheet X2_VARIES
	We hit the DELETE button. Now we highlight X_1 again, with the results shown in Figure 23. The box at the bottom of the menu shows variable X_1 now refers to the worksheet CHARTS, as we wish.
	�
	Figure 23
	After DELETE, the variable X_1 on worksheet  X2_Varies now refers to CHARTS worksheet, as desired on worksheet X2_VARIES
	The new X2_VARIES worksheet looks like Figure 24. The formula in the Y-column uses named variables, so it automatically picks up the correct values for X_1, X_2 and X_3. The chart automatically refers to the correct columns, so we do not need to redo the
	�
	Figure 24
	New X2_VARIES worksheet
	Reporting back to CHARTS
	The plots of Figure 12 and Figure 24 as well as the plot from X3_VARIES can be copied and pasted on the CHARTS worksheet. Then we can see what the functional dependence of Y looks like for whatever values of X_1, X_2 and X_3 we choose to input. The CHART
	�
	Figure 25
	Final form of CHARTS worksheet
	Exercises
	Add charts to worksheet chart with logarithmic scales for both x- and y-axes: paste copies of each chart next to the existing chart, right click on each axis to get the FORMAT AXIS menu, choose the SCALE tab and check the LOGARITHMIC SCALE box. On the y-
	An annoying feature of log plots in EXCEL is the warning menu of Figure 26 that pops up whenever a negative or zero value is amongst the values plotted. One way to avoid this problem is to make a new Y column for log plots that checks for negative values
	enter the value of Y. Then use this “Y for Log” c
	�
	Figure 26
	The annoying warning that crops up when using log
	Suppose that particular values X_1C, X_2C, and X_3C have been identified for comparison with other choices. We want to add curve Y23 = (1/X_1)*(X_2C^2)*(n(X_3C) to the plot on worksheet X1_Varies, Y13 = (1/X_1C)*(X_2^2)*ln(X_3C) to the plot 
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