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fnur-functlon calculator in:the survey
" “was $67 with the average being around
" $120. Now, the cheapest four-function ~ -
S _.,rnachme sells for $10! And the average =
.. price is @round $30 fur machmes that---'éf
-__-.1nclude a mie.-mr:n";ir e ey e et
S The rnarket |s so Iarge and the
B fcnmpetltlon .so" fierce  that -many -
.. companies have" drnpped out of the
- rcalculator scene and it now seems to"
B :"ibe ‘that’ cnmpanles hawng their own -
‘manufacturing

CITCLIIt

';_3;--.’tapablllties are dommatmg the rnarketf--_-a
.This is exemplified by the entry of -
" National Semn?:onductor into the field -~ from half. 1“ one quaf‘ter Df Whﬂt W“
f-‘_:_‘mth their very competitively priced |
.+ "Novus" range that extends from the .. ..
- cheapest’ four-function ‘machine to e
S --':_g,'{ﬁeveral 10[1 step’ programme ma{thlnes.
- -“The price war seems to be largely -
bver in the four:-function category and
| has shlfted to 'the scleﬁtlfnc mudels

“ " SINCE our first: calculator survey

~continually.-
price. of

Corporation..

'-'-Dald fcrit Frte e

Smsntiﬁc calculators have a hawu Idermg eomplamty
~of functions and capabilities — In this special = :
EETI featura Technical Editor Brian Chapman
' expiains how to choose tha best rf; 4

mudel fnr you.

A ‘.. O

EEERRPE P . . . e e T I . T
Arpba! l’".. Co g _x_.:_ . i :_'- _, : 3o

i e Prlces ara cnntmumg 10 drop on these
-'--f‘-_;fpubilshed two years ago in the July
©' 1973 issue of Electronics Today there:. =
- has 'been an astonishing change in
. prices and capabilities of electromc:. __
- ~talculators. At that time the cheapest. .

‘models “and new . models with “ever .
~greater capablllt:es are released almost g
‘It seems that soon the -
| machines -having: ‘HP35 '
capability will fall to around $30 and
 fully. prograrnmabie tvpes (eg HP65)
" to around $150.

The size of 'ithe rnarket ITIE‘*{ be-“
" gauged ‘from" the sales of the Sharp
‘ In the 1974 financial
“year Sharp manufactured 14.9 million ..
calculators for a c!almed 40% share of_-=

the world market. o
Al in all the sclentlfm caiculatnr

- ‘f|e1d is aninteresting and exciting one.

.1t has one disturbing aspect however. . -
*.If you have bought a calculator 12 majority ~‘of -

" months ago it is not hice to know that
. the same calculator is' now selling for .- . calculators:

Eon

“programme capability?

-nn the Austrahan market

:"-.-IQWENTRY MDDES . S
Algabralc

. Most pEOPIE would be famnllar wath
. the algebraic-entry mode used-on'the . .
four-function =
- -caleulators- -and - on’- many ‘scientific
entrv
.- method cioselv follows the manner in .~

5i mpie

“This: ~problem

o _; S ;the key ‘sequence fur multlplwng twu
X ~ 7 by three would be:—  © . i
| ;SELEcrms ACALCULATOR g L

"To select a -scientific calcu1atnr":"”f=
-»_”‘:reqmres some careful thought One -
‘must - first - decide what kind- of .
'prublerns must be handled and huw

ELEC‘I‘RONICE TODAY INTERNATIONAL OCTOBER 1975:
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'."rm.lch capabmty is’ r«ar:allyr requuredf
. Fully prograrnmabia calculators are .0 -
'v%;’_._-uerv mce ‘indeed ‘but cost ‘a lut of <
money - - -do you- raallv head the*.\'-

~As an aid to selection t‘ne fo]lowmg
_“sections describe the salient features of =~
. scientific calculators, and the survey =
- chart provides' details of most of the .

: makes and models at’ pr‘esent avallable i

- which equations aré written. That'is; S

An aItei‘na'twe entry rnnde is used ﬁn ff_'«'.'i'zg
an occasional simple calculatorandon
manv smentlﬂc machlnes. Thls entrv'



mode is knewn a5 "Reverse Pehsh”

preblem rs.

2 .{ent] @ R
ENTER  key |

- next digits keyed in as a new number

" ‘entry, and not as additional digits of
- the first number. The command for
. 'the desired operation is then keyed in
S _':te complete the calculation. ..«
© o At first sight it would eppeer that .
" there is no advantage in .using this
. - latter procedure as, in the example
_‘given, there are. .exactly the same
. nurnber of key presses requured t0
" solve the problem. Further it is an
~ unfamiliar procedure’ to which ene_'_;-

| 3must become accustomed.:

~. .. But suppose we had a shghtle rnere'. -
'.'dlf‘ﬁcuit prnblem such as: S

BENxO-3)

i Te solue “this prublern ‘we rnust'--'
~perform : the’ ‘calculations ‘within -the
" brackets first. ‘We therefore need to
~store the result “of -one bracketed
- calculation * whilst. we perform - the
~. . other. T
' "-'1..'._therefe're'be: e

‘The  key ' sequence ~would

T 4

RN m I*] :me rg] 1131 rxl tAw) :-1
| Net:ee thet we need a memory anda

total of 11 key presses to selve the"
- problem, -

... More 4edvenced elgebralc meehmes_-.
-~ incorporate _faerlrtles, 1o ke_v in the -

~ parenthesis
“The - key sequenee fer the abeve-—

o ceuses the
_fpreweusly ‘entered  number _to be .
. transferred from the working register
. -to-a temporary storage register and
-~ instructs ‘the calculator to treat the

X< N. 4 g

L

| brackets

use eur memerv

Fleverse Psilsh
With

'_1:"2 345 739

BI(ENTI (7] [+1[8] (ENT] @BH-1K]

Nute tha't nuw there are an!',r nine
e kev _presses “required and that the
"._reglsters automatically shift eentents.
~up and down as the problem proceed:s.
- The stack contents for the above key
-'_sequenee would be as shown rn the |

1010
33 109910

33?

" Reverse Pnhsh notation is thus very
--__eeenomlcel in terms of key presses
-especially . as

With such a ..
'_"-mechlne the key’ sequent:e would be'

B ZMIXT IO 191 (-] BT DT 121

An |mpruvement as ‘we now neecl
~only 10 kevstrnkes and do not needto .

- meehmes that have” Reverse*
_ Polish entry a three or four déep stack
-~ of “registers 'is used to perform the
- ‘'working ‘calculations. For examplé in
~_the Hewlett Packard calculators there =
~ are four registers labelled X, Y, Z and
T with-the - X register being the one
- that contains “the displayed number.
’,These working registers or “stack’ as
Cit'is called are eempletelv mdepenclent .
s _ef the normal memory registers. T
~The key sequence for our prebiern
_.eﬂ‘-nen dene on these rnachmes weu!d'

problem

' t-__;ﬁrt)blerh |

" Reverse
“eg [31[0] [sin] so elgebrelc entrv R
- "mode is in fact inconsistent. . -
- Reverse-Polish - e
 ‘“incorporate roll-down and possibly a =~ - .
- roll-up key so that the contentsof the = -
~ stack may be reviewed at any time.We -
- therefore - reeomrnend ‘Reverse- Pnllsh'_:_ N
~~machines .- i |
- facilitates the solving™ of Swaell
-problerns with less chance of keying -
_errors. Algebraic ‘machines however, = &
. especially- those with two levels of
. parenthesis, -are just as pewerfui and -
E ___ﬁmav be preferred by some peuple A

. NOTATION

There are three methnds ef nurnber:' :

The Sharp EL 1100 has some urrusue! feetures
- The expongnt is displayed in a separate -
2—drgrt display. The key with the umrsue!
', notation immediately to the right of the F
key converts decimai, degrees to degrees, . L
mrnutee and secands and' vree versa. = .'.":'_i;;_i; o

~with a

drfﬁeulty mcreeses. A feur~hlgh steek‘
-allows _very complex problems, with' -
- several nested brackets, to be snleed'i'__f_;_
'_' ; mthmft the need to store deta inthe -~
‘I{] 9 9 3 ‘6 50 " .main memory "To solve a complex .
‘Reverse-Polish = =~
“organised machine we start from the -
~middle nf the problem and work" o
 outwards. | '

" This is not a real dusadvantage as ms

 less  confusing ‘than to write the
- equation out with all “the braekets_ S
. required for a direct algebrai¢ solution. -
~ “Additionally in algebraic machines the « -
single-key function' commands (logs,

trig functions, square root etc) follow e

‘Polish:

machines -

‘because - the . method

~ the entered number just the same as in -
‘machines,

usuaily'-.'rﬁ':‘ S

‘complex ..

" The SCB0 from Elcon incorporates a esc;sﬁ:--_ B
. Of&‘tﬂﬂﬁffﬂaf functions and has the abrh; -notatlﬂn USEd II'I GH1CU|E'EOF5 Standard o
to overflow the normal 10 -99 to 10 19
renge by a further ?00 deeeeﬁes at each errd

Thrs maehrne fram Adfer wrﬂ perform mesr

eemmen busmess eereufatmns - - englne\enng

en.ecmemcs *roemr m'rennn'rloml. ocmeen 1975 S BTY (O N e
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it _-’Standard I\iutatmn A
7% In standard nutatmn the number is
'--':_'-i'--'“Z-f:';_'f-irepresented by an integer and decimal
. with a number of digits up to the -
_'E-'.-355":-'!?'_l-?f_-maxlmum provided in the machine, -
7 “The minimum .number of ~digits
VR ';i-:-reqmred for useful calculations is 8 -
' _but some machines have 14 or more.
" “Fixed point operation -is very usefui____
o for - financial ;
o :;'-_:'}.‘therefure essential on machines whlch' -
. incorporate business functions. ‘With -
l_..'.j'-._'ﬂoatmg ‘point operation the decimal
<. o point is autumatlcally positioned such
. ".that maximum use is obtained from -
'+ the available display digits. With both-
S _'-::..'.ﬂoatmg and fixed point operation the
o maximum range without overflow is -
Lo from T 10'7 to 9.9" x 107 a total nf 2
. 15 decades. The lower limit i
. < sometimes extended to 1 x 108 b'y_
.. eliminating ‘the zero in front of the
...~ decimal point and the upper range
- .. may be extended by displaying the
_ - result of ‘a computation that exceeds
99" x 107 with the decimal’ point
_._'-=""';sl1|fted elght places to the left of its
. true position. When overflow “occurs
o lthe ‘machine s Incked out and an
o .overflow
_-,.-:_.-_:ﬁ'*i‘._‘-CaIcuIatlon ls thel‘efnra usually- not. .
" possible on a result which has put the
R machme m‘to the overﬂow condltmn
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‘calculations  and

svm bol

e ‘The ng:tech 123&8 is an attr:actme e
LA foak:ng machine that has far. more power i
s than is suggested by rts prme e

- generated. -
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i '_-Sr:lentiﬂl: Nntatmn

“For mos't engmeerlng and sclentlflc- -:-le three: Fnr example a calculated-"::-";""""{

‘capacitance - “value may appear
- _scientific_ notation as 1.28 08 Farads,- L
| mtarpretatlon as 128 - ¢
-rh'icré‘farads “This is autnmaﬂca"v"'._.3'._;.:""_'.__
- done ‘in" engmeermg notation, ‘the - . =~
.result ‘would be expressed as 12.8 -

~ applications .an eight digit display js
. inadequate, for such machines are
“imited to the multlpllca‘tlnn of two
- four-digit . numbers. Whereas . many'.;.'---
. constants -and measured- quanttt:es o
- require represen'tatlon by ‘more than
_ ‘eight digits. For example how do you
 enter Boltzmann’s constant (1.38 x
1023 _joule) - into .l
‘machine? - Scientific notation s a . -
~.-method of representing the number by
‘means of a mantissa and a, typically,
- two-digit exponent.' Thus Boltzmann’s
- constant would be- dlsplayed as 1.38
=23 where the —23 represents the
power of 10 by which the mantissa
. must he ‘multiplied. Al calcu!atorS"

dlglts dependlng on ‘the mar:hme

Sclentlflc nntatmn can Extend the

ranga of a calculator frorn 15 to 200'---'-
| -'-'g:!ecades_.e_an enormous increase.

The Panasnmc 5001 fram Narmnaf :‘n— ST

corporates angular measure in grads,
X and sum af the squares. -

i ELEc-.-nomcs-mm.n-rsnnmom—ocwsanms

E a .

8| system . are

this needs -

‘an eight-digit

-switching ~ from

i Engmaenng l’dotatlon b R
“The scientific rnethod of nmatlan s
o not ideal for practical engineering

E S fprnblems because physical units in the.._;;__ e
_ represented in-a . .
- modified scientific notation where the A
tE}tpnnenté of 10 are ‘always a multiple .

' -’_-PREPRDGHAMMED FUNCTlUNS
~ ~The number of ~pre: pragrammed
~ having 'scientific notation ‘are capable functions lﬂCOFDUTBt\‘-‘d into a machine .-

~ of  automatically - |
‘standard to scientific ‘notation’ ‘when
" the number exceeds the standard
- capamty (or vice versa). Such ‘machines
have a key marked EE or EXP whmh'- :

- allows numbers to' be ‘entered -

Vxand m

L The Qualition 1419 Is imusualin -t
.. incorporating hyperbolic functions . .

=06 thus expressmg the quantltv in e
the needed units, g SR
Only orie of the calculaturs suweyed AT N
" has this feature, the Hewlett Packard =
" HP25. We venture to predict that this.
feature will be mcurporated into most Lt A
-.future desugns SRR R

" depends firstly on the price of the .

-~ machine and secondly on the primary -~

* applications for which it is-designed. .
. The first additions to the basic four - = |

"_functmns are usually 1/x, e

- for scientific applications and 1/x and

9% for business applications. It is alsoat .

scientific form. The number of t:ln_:;l’ts"-f'-_.ﬂ"5 Level that a memory is added.
10 e fhian s yerkes from 5 19 e ‘Such machines as these, although more -~
~ advanced than basic four-function -~ *
| "'machlnes are’ nnt mvered i thls--:-_-
» SUWBY L
Machlnes af greater capablllw than,._;i:__'-,;

T R BT T T T O N LT
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' f_'.th'a ahn\re

"_rnachmas “the ._funct:nns
- generally -added to those discussed

- -above-are trigonometric functions and
Jlogarithmic functions -
~both - ‘common and : ‘natural, eX and -
sometimes 10X and xV. ‘Additionally a
swutch is mcnrparated which- allows -~
dpera‘tlm in either dagraas or radians. -
i ~Other - functions - that are added in
o more -

- ralatwely

~catered ~ for . .are ganaral
scnantlflc, statlstics,
matrlccunvars:m B
~#In 7 general- purpase

'th'air “inverse,

- expensive -
rectangular — 10 — polar CDI'WEI'SIOI‘I
~decimal degress to- degrees,

~and, :-on ...a. .-few. - machines,

Statlstlsal Machines.- 3 i g

" There are .a" numbef “of machmes'.

Whld'l have fany standard statistical

_also incorporate a numbar df basu:
smantlflcfunctlans. ke whe
~Typical - statlstlcal

~and standard ' -:deviation, -sum: of

. squares, square root of sum of squaras'

“and linear correlation ‘of regression.

~ Some advanced scnantmc models will

‘also - mdorparate a few - of these

- functions 'such “as summatldn maan

and standard dematldn.

Busmess Machmas.

“Those machines which are dad:catad'
ta business appllcatlnns appear to have
few functions, when
.+ compared to other rnachlnas but the -
oo relatively few ‘keys ‘can‘ be used to
_solve dozens of different problems —
avarvthlng from discounts and markup .
. to interest’ rates, ‘remaining principal =
- on a mortgage, the future value af an-

annuuw,f or depreciation. -

- More advanced machines ‘may alsd
prdb!ems ~associated with -
“statistics, bond prices and yields and,
~ because these functions are based on
'?_ calendar -intervals, a calendar may be
“ built into the machine. For example
the HP80 incorporates a- 200 ‘year
Calandar {1900 to.2099) such that'you )
~¢can find the number of calendar days -
- between two dates ‘the day of a week
~a date falls' on; a future or past date”"
gwen the . number af davs fram a_—'_:_.'- |
kndwn date L AT

sol\ra

Matrm Bnmrerters

~ Whether machmas daudtad to ma‘trlc"' g e
can ‘be - classified .as . 7 ’

. conversions -
SCIEI'I‘tIfIc calculators is debatable but

-we ~thought - they were worthy of
lnclusldn hacausa uf thalr dadicated-

~ th bacdme even ore
| dedicated to spedlftc__appiidatith'.;Thé

'categdrias' ‘which seem to be most
purpdsa'
busmess and-‘

smentlflc -'
‘that. are.

‘machines - .are
~ factors - and -
- .numbers axprassed
~ fraction fdrm, eg, 1 7/8 may be added .
~to 4 2/3 without first convertmg the.-.j-ez_ :
f'fractldns tn demmals SR o

hvparbohc—trlg functlons and thelr o

minutes
~and sacdnds cconversion and vice versa,
extra mamory registars -factorial X |

functlans ara_._ :
- summation of x ;and vy values, mean

Parhaps the

i Adsanaed Sclantuﬁs. ISR Y
Calculators-of an advanced smantlf!cf-ff-_-
- nature ‘may have, in addition ‘to the .
‘standard scientific functions, the most
- important functions from some of the
functions built into them. They may DN categarles. cFor axampla nes

"HP45 . has, ~as well - standard
- functions, thraa matnc canversmns
 three 'statlstlcal functions and nine
- addressable . memories.
__'programmable calcula‘l:urs can be
‘organised to SBIVE almust any spacnfnc

problem e
" Advanced calculaturs usuafly haua td'
. _a_rga_nlse_the keys _.‘sd .p_ar_fdrrn dual or

. The Novus Mathematician PR has a 100 step programme and Reverse-Polish notation,
: afthaugh very _saph‘is’tiaated the internal view shows the constructional simplicity. = =

ELECTRDNICS TODAY INTERNATION.AL OCTOBER 1975

*Top the Hanimex range, the ESR MASTER ~ -
~has an excellent selection of funatmns anda e
o -'mry flexible mamory. e s e

‘nature. Some general purpose SRR e '
_'smentn‘lc calculators have a number of 1 it
-metric conversions built in. Therearea =~

 few machines available which can, .
convert any metric quantity to uSor
imperial and vice versa; Itseems apity =
“that some calculators convert to US =+ " . J8
~ standards only and not to imperial,a . . &
serious drawback m non- US standard et T
-countries. . - : Sl e
mast -_'uUtstandmg L
- conversion ~calculator is the Sharp
. EL8300  which has several unusual
~ features. -Apart from its 29 standard = . -
conversions from metric to and from =
~ imperial or US it has three: raglstars'-; i
available for stanng other conversion = =
is capabla of adding . -
|nteger and "

- even =1:'ridla' "furit:'t_id’rif’s’. This isdone by = -+
. incorporating function change keys. %
. For example, the HP45 provides 48
i \_'leI'IOTIOI'IS and 9 memdrtas Wlth ]ust 40 ORI

'fkavs | | '

Pt e T e T DT e
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v . other programme features and on the = =
' -available number ‘of storage .registers. .

- The simplest kind of programme .

| i -”,capeblhw is ‘where the ‘programme
e e e D e e e e 0 gimply  rememmbers - the - key . stroke o Co
Lo e T s e e o sequence used to solve the problem. o

ColpoedT e e e 0 Such aprogrammeis - fitted to the
cnsner e oo Gharp -PC-1001. 01t ds not possibleto
o e s o modify the programme in any way or
¢ to - review. the- centente ef the'
' '._'--?progremme memory. . o7 e
- U A'step up from this is the programme i
CUUfw o gg fitted to the Nowvus 4515, Thisis oo
Lo T o pasieally the same as that'usedin the . =~ %
. - g e e L Sharp EHCEI’.‘E that a SKIP kBY _has hﬁEﬁ -,_:... o
. provided ‘which allows several smail - =
. programmes ‘to be stored within ‘the
f e o7 100 stép programme memory. The
' The new HP25 from Hewlett ~ Novus however has the disadvantage =
" Packard has a 49 step prog- - - that ‘it has only one storage register.. .
"‘ramme with aditing and - .~ Thus 'if ‘more than one ‘constant is -
conditional branching. As .- " required in a programme it must be
~written into the programme each timeé .

. with all Hewlett Packard . .
.-'_:f;”g:f::; :e a::ydc:pn;ﬁrea:;neﬁ ©ooit is used (an eight dlglt constant will - =~ -
“ o .menuals are Pm"’"’”d W’”’ 7 consume eight programme steps). The - -

e m——— the ”“"h’"" RIS G P _"'Sherp caleuletor on the ether hand hes
: e e T cnntents “of -.any - memorv can be

i":

gy },.’-.PRDGRAMMING Gt
0 D Withethe aid of an advanced eeuentiﬂe o
. _calculator one can solve just about any
- “'problem that one might encounter.
.~ But, say you wanted to plot the .-
"'-i-..'3responee of a filter network versus

o frequency. The individual data pnlnts
- must all be eeieuleted using the same -

© basic formula — a laborious process

| .steps available.

ooeven w:th an advanced calculator.
. 1f +a . . calculator

~ “ need only be “entered once. The

S - @l ~incorporates - a -

prebiem rnev ’then be repetltwely__
-~ solved simply by inserting the data for
 each paint and pressing the stert key -
the calculator does the rest. .0

“Of cnurse, as. WI‘th evervthmg, the
.'power of the pregrammes fltted to
varies . -
‘considerably. The first thing that one
notices is the number of programme
On - the - calculators
‘reviewed this varies from 49 to 300.
| effectiveness . of the =
-~ number of steps depends greatly on

sc:entlf:c ‘calculators’

However  the

'."develepment 15

mode, -

L recalled wnh ene er twe Drngremme.'-j‘ FELA
- steps. - | S 2

The next etege

programme edltlng

ef prograrn rne e
inr:nrpurete’
|I'l 'l'hE HP "_.f::_ _

| ."-progremmebles forexample ‘when'the -
machines :are switched ‘to programme -~ =
the display - shows the line .
~number -and ‘the -key code for the -
~_programme step. Single-step, back step - ¢
- and delete' keys-allow the programme = =
‘to be debugged without fewriting the = .
‘whole thing. Pressing a further key .~ .

| THEPROGRAMME SPECIF !CATION OF THEHPeS =~ o

These keyboard con’trols
- give you full

I A [ B C D-'] -E 1. ,TF" v TF2 Te edﬂrnurpmmm.-.--.- ROTELTATAN IO LSO
~ ‘Thest User Definatle keys are just what  *  The canditien of the flags ‘can be tested . r_—l = ST
prug‘rammablllty lIl .+ . their name implies, Thay are Ietter lebois’ "-‘;».c:eutnm-tmilr at any peint in your program ph . -
D flrptrta of your program which canbe " by using thaze “TE FLAG 1” and *"TEST - ,-»."““‘h P ““"" *“““""“' '“ﬂ" . .
LIRS H pUCkEt calculator s s axecuted directly frem the kaybeard. Or, - r.l keys ta :nr.luueneppruprletl test ~ 100-step pragrem memary, se-yeu can begin B
f o e _they can be used to call a sub-routine _".-.n“ Instmetien 7“. p“"m will aither ,_.,_:-ltqln na new er mluﬂ pmrlm reu SEEEE B
PRI Tﬁlse keys ielte lhe Hﬁ-ﬂ out ef the whnn uud within a program. - agvance sequentially er skip over the naxt aped. . =
RN K - oo steps, ﬂeplmlinu en thl eenditlen el tlll
“Whan this “RETURN" krf i RS ‘tl’ltlﬂ fieg. .. .
prnnd it enahles you te start - e _ e
' at the beginning of your pragram - - |-~ R (N S .
.. ¢] -tecord, save end read back your pro- - . agein.lf this keyisusedes . IxzEy| IX<Yy| x:y x}y
R U greme They aiao set In motlon the - p.m of “u= stered p“nnm';t stops - - .
“HP-85's other pmﬂul pregremmlnn - exscutian o veur regram and returns - ._'_.T :
LIPS Iunet'lene e . - 0. centrsl tathe k E rd far manual oper- .= - mﬁw"ﬂpw ":m: Tﬂ "uﬂ',::iﬁf? :
- : e e e o atian. Whan used as part af a latter sub- pregram skips aver the -

....... " tlon s net met, t
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