C47 Version 0.109.02.00 Graphs, Solvers, Integrators, Differentiators 2024-05-31 IM

Application note O11a,
Demonstration of graphs, integration, derivatives and root finding on the C47.

C47 supports two different user interface methods to use the solver and integrator, both discussed below. The methods
are either the EQN menu or the ADV menu.

This Appnote, rev. “011a” is a re-write / update from “011”, as the menu structure and Ul commands significantly
changed especially relating to graphs from the EQN menu. Additionally graphs for complex numbers were added.

Section 1: Graphing

Enter a formula in the EQN menu system:

With the EQN menu open: Go to: m, m dd a new expression:

(]

2024-05-05 b " /Blx B4:2 | entered this expression as it is fairly interesting,

R with complex roots and the opportunity to show
the exhaustive method of root finding.

0
0.
0
0

. Enter the expression into the editor bearing in
} mind variables cannot be single letter capital
(x5-x+8+10xcos(3xx)) letters. Abbreviations for known constants (o, 1,
|f Graph ©, i, a, ¢ e F etc. from the constant list on
NEW B Jf |f Solve 47calc.com) will represent their respective values.
Using graphs in the EQN menu system:
2024-05-05 B " /Bl B4:2 z The simplest way to get a graph is: 280, ORI S0

select the graph variables (pre-selected for single
variable x). Use to plot the graph for x
being from stack level Y to X. The example shows
-4 to +4 on the stack, then press .

0
0
m

!

(x5-x+8+10xcos(3xx))

X
X* Graphs Draw
A——

m goes to variable selection
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2024-05-05

axis 0:0
x 0:500/tick |

¥y 75:000.tt
’

Graphs JP4{s]s]y[*" °

2024-05-05 b "

2024-05-05 B "

f 2024-05-05

axis 0:0
x 0:200tick
y 2:000.tick

(1.8;18)

/6lx 64:2 c

Draw *x_q.ﬂn X y

/B4 B6Y4:2

Iﬁ VX220 | #X1-60 I

\J

(-2.4;-34)

[T zoomy,

2024-05-05

axis 0:0
x 0:100tick
y 0:100tick

(2.1;0.25) |

(-0.12;-2.0)

X.AXISO
Graphs JP4{s]s]y[*"
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Note the bottom left point on the cartesian plane
(-4.4; -1068) and the top right hand point on the
plane (4.3; 341). The resultant x-range of -4.4 to
4.3 is 105% to 110% of the range specified.

“Ticks” mean the distance/width of the ‘minor’
tick marks on the respective axis.

The graphic functions are located in the
menu, which is accessible from every main menu
in EQN. Note the prior x-range remains on the

stack as entered, and also found its way into the
and @4 registers as -4 and 4 after every use of

. The purpose of is to draw the graph
from the lower limit g to the upper limit .

inside the m and L] menus in the solver
and [f menus respectively, also in the
menus found in the and il menus.

Example:
1. Enter -2.2 to 1.6 into the ¥X and #X registers.
2. Press MgET.

Note the Y-axis appears compressed with y-tick of
size 2.0, whereas the x-ticks are 0.2 each! This is
done as default to enable you to best see the
shape of the curve and the roots.

Forcing the X and Y axis the same scale, needs the
selection of option ¥:¥=1 on the menu.

For equal scale autoscaling like “graph paper”
spacing, we need to choose an X-range that will
result in a much reduced Y-range.

Use the menu item for X:¥=1 and then
returns to the graph selection screen to use ¥X
and #X. Re-draw the curve for X:[0.8;1.2]. The
C47 will keep the graph visible and centred on
the Cartesian plane and increase the X or Y scale
to keep both scales (tick size) the same.
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Using graphs for complex numbers in the EQN menu system:

2024-05-09  b(r) /o B4:2 ¢
2

e~(ix0)

o |

2024-05-05

axis 0:0
x 0:500.tick
y 0,100 tick

(-0.31;-1.0)

(6.651.1)

-

Graphs Drawy

0, Re

(f(6) /

Graphs [rsls]y(¥

2024-05-05

axis 0:0
x 0,100 tick
y 0:100.tick

(1.1;1.0)
(-1.1;-1.0)

Re( (6)

), Im((6))

PLTRST
BOX O

CROSSO|

2024-05-05

axis 0:0
x 0:100tick
y 0:100tick

(1.1;1.1)
(=1.1;=1-1)

Re( (6)]

), Im(f(0))
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Go to: ﬂ, m to enter an expression which will
results in complex number results when the
expression is evaluated. A beautiful choice for
illustration of this graph is Euler’s: 1: .

C47: 2: Set to RAD, enter the expression as per
the previous section of the Appnote and 3: plot
for t from 0 to 6.28 using 4: or Mg,

The C47 graphing system will only draw the Real
part of the expression on a Cartesian plane.

The C47 calculates complex results in rectangular
form, maintaining the Real and Imag parts and
not the size and angle. To no surprise, the graph
left, of the Real part, is simply the cosine function,
as stated per Euler:

e!® = cos(0) +i.sin (0).

To plot the expression in the complex plane,
simply select the option 5: CXPLT[o].

The resulting graph is not a polar plot per se. The
complex plane drawing is of the Real and Imag
values of f(6) = e for 40-80 regularly spaced
values of t, in the specified 0 range.

As a refinement to equalize the x and y scales and
make the circle look properly dimensioned, select
option 6: X:Y=1[o] from the menu.

A beautiful and easy exercise left to the user: Recall
the demo formula provided in C47 Register 38. Use
the W@YWA\Y function to enter the X register content

into the expression editor and plot it as follows:

RCL 38 fMODE fEQN NEW ¥ 181 1d ENTER
f Graph|{0 ENTER 6.28 Draw} 4 $.GR{H]
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Section 2: expression evaluation

Graphs, Solvers, Integrators, Differentiators

Using Calc f to evaluate the current formula in the EQN menu system:

With the EQN menu open:
f Graph
Nnew BEN [f |f Solve)

2024-05-08 b ®  /64x 6Y4:2

[}

SOoooo

x> -x+1

xx | Tools [

Add or select an expression, and press
to access [Cale f] which evaluates the current
expression using the current variable values.

Example: enter 5 into x, and press to evaluate:

5 [x#] [Calc f] Resultingin 3121.0

Note the little * appearing, to indicate that x is
the current variable.

Using 1°t derivative and 2" derivative of the current formula in the EQN menu system:

With the EQN menu open:

DELETE
New ENU
2024-05-08 b °  /BYx B4:2 t

0.

200

200

f = 7999 999 999.

5

x?-x+1
x+ | Graphs [T
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Add or select an expression, and press either
or which evaluates the current expression’s
derivative using the value in X.

When opening the f' or f” menu, if itis a
simplistic single variable formula, then the X
register will automatically be stored into the
variable and the slope be calculated.

Store a new value for the variable x* and press
Calc f’ or Calc f for the 2" and 1% derivatives
respectively, calculated using the current values
of the variables.

C47 Application Note 011a
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Using solvers in the EQN menu system:

Press m to get to the solver menu

Pressguessl X guess2 x* X#to solve

x+ [ Tools [

realSlvy| realSly
| SDIGS,, | cpxSlv}| cpxSly | ¥Lim o | ALim ¢

Press to get to the ToolS menu

Real solver
2024-05-08 b " /Blx B4:2 ¥ Find a root using the HP way of solving, pressing:
Result Code = @.
-2 X -1 x* x*
Accuracy = @.

Xprey = _@.855 82L| 3L|2 56L| 585 Multiple roots often are hard to find, as in this

particular expression which lets many starting

x = -0.855 824 342 564 585 guesses gravitate to the same root!

(x°-x+8+10xcos(3xx))
A way to find different roots is to try another

> xx [ Tools TR solver: The Complex Solver has a different

Real root found using HP style real root finder algorithm which may find different roots.

Complex solver

2024-05-08 b " /Bux B4:2 t Complex solver: 'St or S ey:
Result Code = @.

Accuracy = 1.L|X1[]_33

xrev = —1.993 184 963 293 096 - | x
b = _1_593 18L| 963 293 @96 Once the limits are entered once using ,

the limits are updated on F5/F6 and then
and g=EIBW can be used, using limits on F5/F6.

Type -3 ENTER -2 to find a root at
X = - 1.562. S0 uses the YX stack input.

(x5-x+8+10xcos(3xx))
——— p|realSlv}| realSly
| SDIGS,, | cpxSIvy| cpxSly [¥Lim_z.qqALim_,.q0 (B o0

Real root using the complex root finder
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Exhaustive finding of all roots:

2024-05-08 b " /B4 64:2 ¥ - Store the last root, example: STO ‘root’ and
Result Code = @. divide the expression by (x-root) found, i.e. for
accuracy = —9.9x10734+7.1x1073%¢ every root found, add to the expression “... / (x-

e = 2448 32+1.100 344 08

x= 2.0448 320 1+1.100 343 61 Tip: Use an actual complex number as starting
(x5-x+8+10xcos(3xx))7(x-aa)7(x-b... guesstowhich will help to start in the
realSlvy| realSlv complex domain, example: 1 ENTER i.
| SDIGSy| cpxSlvy| cpxSly | ¥Limy.g] ALim;.go [EREEY

Complex root using the complex root finder

Exhaustive finding of all roots example: Divide the expression by (x-root) for every root found. The following roots were
found in the way described above, adding one factor in the denominator after each root was found, ending with:

"{x+5-x+8+10+cos(3+x))/(x-aa)/ (x-bb)/(x-cc)/(x-dd)/(x-ee) /(x-ff)"

"aa" 0.8081337118286475527540904719709279 "bb" -0.8558243425645847878872779262809508
"ec" 1.185283516137406752899678075043088 "dd" -1.5931849632930963152019298983307 11
“ee” -1.562158503151229648494469189440688

"ff" Complex root: 2.448320052272163783252149735530966 + i1.100343597037253933303213834762732
"99" Complex root: 2.448320052272163783252149735530966 - i1.100343597037253933303213834762732

Get the numeric data from registers aa..gg: Once all the roots are stored, print all registers to a file on the flash drive
using @allr. To also include the formula in the list, first m EDIT the expression and use X.SWAP to swap the
formula into the X register, then proceed printing all the registers.
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Using integration in the EQN menu system:

Press m to get to the integration menu
x* I3
Press LowerLimit 'x HigherLimit x* [
= @
| ACCy 3 ] | ¥Limg | #Limg Press to get to the int. tools menu
2024-03-29 b " /B 64:2 ¥ Find the numeric integral using the HP way of
@. integrating, by typing:

0.
Accuracy = 3,666 6@1 L|57 2><][]_35 . . Ix
J= 180.429 471 290 724 4 T

(x°-x+8+10xcos(3xx))

x| [ The [ function is meant for easy stack access to

b4
the interactive integrator.
Standard integral found using HP style integrator

2024-03-29 b " /4 64:2 ¥ Once [ is used once, the X and Y limits are
@. populated into the ¥Lim and #Lim buttons for
0 further usage of [ Example:

Accuracy = 3.053 958 79L| 5><1[]-3é Change the integral limits to 0 — 21 by typing:
[= 10 285.344 338 458 51 0] ™t 2 * ALim. The new 6.283 value is showing

(xE %28 10lxicos (B X xD) in the #Lim button. Press [ to use the limits.
ACCO - o) +X-2-20 4‘)(1.600
5 I ﬁ YLimg | #Lg.oe3

Integral found using the Lim buttons and [
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Programmed root finding using RPN code and the ADV menu:

Typing instructions:

XEQ.. PRGM LBL “WW’ ENTER RAD STO
K5y xRCLK—-8+RCLK3*COS10* +
PRGM

Typing instructions:

XEQ.. PRGM LBL “WWyar” MVAR “xx’
RCL ‘xx’ XEQ ‘WW’ PRGM

Typing instructions:

XEQ .. PRGM LBL ‘WW?goors’ PGMSLV
IWWMVARI SOLVE ‘xx’ PRGM

2024-05-10 b " /64x 64:2 £
Result Code = @.
Accuracy = @.

xxerey = —0.893 824 342 564 585
-0.855 824 342 564 585

XX =

| oRG | yx [ X [ o0x [ ex | @ |

Program WWroots, resulting in a root in X

2024-05-10 b " /64x BY4:2 E

0.

-2.831 520 987 656 753x10~34
-1.562 158 503 151 23

b -1.562 158 503 151 23

| oRG | yx [ X [ a0x [ ex [ @ |

Program modified WWroots, resulting in a root in X
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Make a RPN program for the formula above, with
the X register being the input. Function Wi is
created with X input and X output.

Make a MVAR program to facilitate the new
formula: Add variables and recall the formula
variable to feed to the formula as X. The MVAR
code does root finding and integration.

Make a real root finder program, specifying the
MVAR formula to be used, as well as the variable
to be used. SOLVE requires PGMSLY to name the
function to be used, and SOLYE requires the
starting values in Y & X.

Run the search: -2 ENTER -1 XEQ Jq§ ‘WiWroors’
1% root -0.855 found. Store in ‘aa’.

Change the RPN program Wi to divide by (K - aa),
in the way explained under ‘Exhaustive Root
Search’ and continue to find real roots as follows:
..K 3 #COS 10 # + RCL K RCL ‘aa’ - / PRGM

Run the search: -2 ENTER -1 XEQ Jq§ ‘WiWroors’
2" root -1.562 found. Store in ‘bb’.

Continue the process to divide with (K — bb) to
find more real roots.

...etc.

C47 Application Note 011a
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C47 Program file export: Export format version 2, C47 C47 Program file export: Export format version 2, C47
program version 1. program version 1.

0000: { Prgm #49: 39 bytes / 17 steps } 0000: { Prgm #50: 31 bytes / 5 steps }

0001: LBL 'WW' 0001: LBL 'WWMVAR'

0002:  RAD 0002:  MVAR 'xx'

0003: STO K 0003:  RCL 'xx'

0004: 5 0004: XEQ 'WW'

0005:  Y~X 0005: END

0006:  RCL K

0007: -

0008: 8 C47 Program file export: Export format version 2, C47
0009: + program version 1.

0010: RCL K 0000: { Prgm #51: 37 bytes / 4 steps }

0011: 3

0012:  * 0001: LBL 'WWROOTS'

0013:  COS 0002:  PGMSLY 'WWMVAR'

0014: 10 0003:  SOLVE 'xx'

001s:  * 0004: .END.

0016:  +

0017: END
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Programmed derivatives using RPN code and the ADV menu:

Typing instructions:

XEQ .. PRGM LBL “WWs0p:* STO | XEQ
PROG “WW’ RCL1 ADV f'(x) PROG ‘WW’
RCLI ADV f”’(x) PROG ‘WW’ STO K RCL

2024-05-10 b " /B4x B6Y4:2 E

0.

47.601 702 866 503 66

87.382 464 928 669 34

= 13.584 674231 324 16

peMSLY] sLve | £°(x) [ ill, | iZ, |PGMINT
SOLVE | sva | £(x) | Ta 2n

XEQ the program 2 WWsiope, resulting in f”(2) on X
and f'(2)on Y.
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To determine the slope (f') using RPN, and the

slope’s slope (f”’) using RPN:

Create a small program WWs,0p: to sequence f’
and f”. Note the stack is left unchanged after f’

and f” are pushed onto the stack.

C47 Program file export: Export format version 2,

C47 program version 1.
0000: { Prgm #45: 35 bytes / 8 steps }

0001:
0002:
0003:
0004:
0005:
0006:
0007:
0008:

LBL 'WWSLOPE'
STO 1
XEQ 'WW'
RCL I
f'(x) "W
RCL I
f"(x) Iwwl
.END.

C47 Application Note 011a
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Programmed integration using RPN code and the ADV menu:

Now integrate the expression WW from - Tt to Tt
XEQ.. PRGM LBL ‘WWagea* PGMINT “WW 1yar”

[fi 16-6 ACC T CHS { Lim Tt DROPx Lim/® | ‘xx’

2024-05-10

-3.141 592 653 589 793
3.141 592 653 589 793

Accuracy =

IE

h_f‘

/B4x

64:2 C

2.031 2391076

50.265 63

PGMSLY

SLVC

f"(x)

il

SOLVE

XEQ the program WWagea, resulting in the integral

SLvQ

'(x)

result from -nton
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i, |PGMINT
5 wim
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To determine the numeric integral using ADV
menu, create a program WWagea Sequencing it:

We need to first tell the C47 which RPN MVAR
program (WWuvar) is to be used for integration,
then we start the integration by specifying the
integral variable.

C47 Program file export: Export format version 2,
C47 program version 1.

0000: { Prgm #47: 68 bytes / 11 steps }

0001:
0002:
0003:
0004:
0005:
0006:
0007:
0008:
0009:
0010:
0011:

LBL 'WWAREA'
PGMINT 'WWMYAR'
1.#10*-6
STO 'acc’

PI

CHS

STO 'vLim'

PI

STO '~Lim'

integralf d 'xx'
.END.

C47 Application Note 011a



C47 Version 0.109.02.00 Graphs, Solvers, Integrators, Differentiators 2024-05-31 IM

Manual interactive integration using RPN code and the ADV menu:

To determine the numeric integral manually (i.e. without an integration program) using ADV menu, use the [f d
command in ADV:

2024-03-30 b " /64x B6Y4:2

rm

2024-05-10 b " /B4x 6Y4:2 t

0.
0.
2.031 2391076

PGMSLY| SLVC | f"(x) il 2, %PGMINT le 580265 63

SOLVE | sLva | £(x) | T, 3

1. Press the [f d menu
command:

OO
L]

Accuracy

- o]
1. Press the menu command, will open: (R e I |vLim_g.q Alimg.qy|

4. Enter the integration limits, either in Y & X, the

x . . . .
SRR R SR press [5 or using the ¥Lim / #Lim fields

Jfd _ 5. Then press |.

rm

2. Press PROG and select the
MVAR RPN program WWwyar '
i

| WW | Wiagea | WWhyap |WWRoors| Wis gpe| X |
0001: LBL "WWMVAR'
2. Select the MVAR 002 MVAR “od RPN
program WW yar 0003: RCI7 'x]x'
0004: XEQ 'WW
0005: END
XX*

3. It will show the variables; select the integral
variable, press twice on this variable (xx), which
will open the integration menu in step 4:

Author Jaco Mostert

Copyright (C) 2023 The C47 Development Team. Permission is granted to copy, distribute
and/or modify this document under the terms of the GNU Free Documentation License,
Version 1.3 or any later version published by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the license
can be downloaded from gnu.org.
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