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COMPLETE COMPUTER 
In this advanced card you get a pro›

fessional quality computer that meets 
today’s engineering needs. And it’s one 
that’s complete. It lets you be up and 
running fast. All you need is a power 
supply and your ROM software. 

The computer itself is super. Fast 
4 MHz operat ion. Capacity for 8K bytes 
of ROM (uses 2716 PROMs which can 
be programmed by our new 32K BYTE›
SAVERfi PROM card). There’s also 1 K of 
on-board static RAM. Further, you get 
straightforward interfacing through an 
RS -232 serial interface with ultra-fast 
speed of up to 76,800 baud - software 
programmable. 

Other features include 24 bits of bi ›
directional paral lel 1/0 and five on›
board programmable timers. 

Add to that vectored interrupts. 

ENORMOUS EXPANDABILITY 
Besides all these features the Cro›

memco single card computer gives you 
enormous expandability if you ever need 
it. And it’s easy to expand . First, you 
can expand with the new Cromemco 
32K BYTESAVER PROM card mentioned 
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32K BYTESAVER PROM card 

EASY TO USE 
Another convenience that makes the 

Model SCC computer easy to use is our 
Z-80 monitor and 3K Control BASIC (in 
two ROMs). W ith this optional software 
you’re ready to go. The monitor gives 
you 12 commands. The BASIC, with 36 
commands/functions, wi ll di rect ly ac›
cess 1/0 ports and memory locations ›
and call machine language subroutines. 

Finally, to simplify thi ngs to the ulti ›
mate, we even have convenient card 
cages. Rugged card cages. They hold 
cards firm ly. No jiggling out of sockets. 

AVAILABLE NOW/LOW PRICE 
The Model SCC is available now at a 

low price of on ly $450 burned-i n and 
tested (32K BYTESAVER only $295). 

So act today. Get this high-capability 
computer working for you right away. 
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We human beings are a conceptual species. While firmly planted in our 
animal evolutionary roots, our chief distinguishing characteristic is a degree of 
development of our mental powers. This characteristic allows us to recursively 
reflect upon the degree of development of our mental powers,among other 
things. The idea of a computer as a mental amplifier fits well within this con­
ceptual side of human nature. In part, this explains the intellectual fascination 
of computing technology, which is available on a widespread basis as the 
modern personal computer. As a thought recording and amplification device, 
the computer deals with abstractions admirably. But there is also another side 
to the human fascination with computing which should not be ignored: the 
casting of abstractions in concrete forms which are understandable and emo­
tionally gratifying. Here we find the animal side of our evolutionary heritage 
interacting with the cerebral side, producing a positive human value for an 
otherwise sterile activity. 

Conceptualization exists in human beings. We do it all the time, for it is a 
part of our nature. Some do it better than others. Like any ability, it varies 
from individual to individual. Within individuals this ability varies over the 
course of a !if etime of growth, development and aging. 

The content of our thoughts can be explicit models closely bound to the real 
world as perceived by human senses, abstractions like those of mathematics 
which are less obviously bound to real-world roots, or even total fantasies 
such as stories of science fiction, novels, plays, paintings and other forms of 
art. All innovation and progress start out as a conceptual fantasy, whether or 
not the fantasy is based on real-world inputs. But, if the fantasy is to be im­
parted to someone or made into a real-world object, it must be figuratively 
"cast in concrete" as a tangible and specific item. I make the claim that one tie 
with our evolutionary past is partly demonstrated by the emotional experience 
of pleasure derived by seeing concrete and specific results come from efforts 
directed by an abstract plan. 

This is the phenomenon of emotional feedback from intellectual activites, 
made "real" in some way as a specific action. As I write these words at a 
keyboard, I am illustrating the phenomenon in the pleasure I derive from 
formulating my words into an essay. The concepts are certainly in my own 
mind. I am translating them through specific actions into a concrete form: the 
words printed on a piece of paper in the form of a draft I send to our copy 
editors. 

In an analogous way, a writer of a science fiction story is a spinner of tales. 
Such tales are but dreams bottled up in a mind unless they are cast into a con­
crete form signifying meaning: as an oral or written account transmitted to 
another mind. We only know that the science fiction spinner of tales exists at 
all because of this concrete form of his or her fantasy abstractions. 

For the fascination of computing, there is ample opportunity for casting 
abstract concepts into concrete form. Here we get the emotional feedback and 
confirmation of our understanding about the way a system of concepts works 
in a specific example. The importance of game programming on computers as 
a way of learning to write programs and learn about interactive sequences can­
not be underestimated. 

December 1979 ' BYTE Publications Inc 6 







... . ; . ... . ... _ ...�~� . • ,, . :ti! �~� 

,-.;.- ,'?I .w ....: J.!: ;r,; <'ll i!ll OJI JU .ii �~� �~� .:iF'1 

- - �~�~�'�5�:� �J�;�;�.�~�J�t�;�;�!�J�J�D�J�:�;�i�.�;�:�i�~�!�:�l� Iii> 
- -- :T :x ::i!:. 31: J[ �~� JI) :ii �~� �~� Jg .:z 
�~� 



Frequency Analysis of Data �
Using a Microcomputer �

F R Ruckdeshel �
773 John Glen Blvd �
Webster NY 14580 �

Introduction 
People involved with digital electronics often deal with 

signals in which the voltage or current changes with time. 
When a pulse is distorted, its shape is generally expressed 
in terms of overshoot or rise time. 

In the design of analog electronics equipment such as 
audio amplifiers, great emphasis is placed on frequency 
response and phase shifts. The performance of consumer­
oriented audio systems is not normally specified in terms 
of pulse rise time or pulse delay. However, such a 
specification would characterize the system's basic 
response to the zeroth order. The zeroth order qualifier is 
necessary because rise time is only an approximate (but 
very useful) description of a system's response to a step­
ped input. A complete description would be possible 
through comparative plots of input and output 
waveforms. 

In communications theory both the real-time (signal 
versus time) and frequency (signal content versus fre­
quency) representations are applied somewhat inter­
changeably since the object is to transmit real-time 
signals, such as pulses, over channels having bandwidth 
and noise limitations. The Fourier transform is used to 
aid in such analyses. To exercise this analysis technique it 
is assumed that the system response is linear. That is, if 
the input signal level is halved, so is the output signal, 
along with no change in signal shape. It is thus apparent 
why most digital engineers do not use Fourier transforms; 
their systems are highly nonlinear, and work well 
because of the nonlinearity. It is also apparent why audio 
engineers are heavily dependent on frequency analysis; 
their systems are highly linear. 

The choice of the Fourier transform for electronics 
analysis is based on the properties of its "basis" functions, 
sinusoids. For example, in electronic systems which are 
composed of ideal inductors, resistors and capacitors, 
sinusoids have the unique property that if a pure sinusoid 
of a particular frequency is inserted anywhere into a cir­
cuit, examination of any other location in the circuit will 
show a pure sinusoid of the same frequency, though 
perhaps changed in amplitude and phase. There is no 
mode conversion. In real systems, however, nonlinea­

rities in response can lead to harmonic distortion, which 
is another way of saying mode conversion. 

Vital to the application of sinusoids in Fourier analysis 
is a property called linear independence. That is, it is not 
possible to generate a sinusoid of angular frequency w,, 
from the addition (a linear operation) of two other 
sinusoids having frequencies W2 and w3 (w 1 * W2, w3). A 
nonlinear operation such as multiplication is required for 
this to occur. 

Mathematically speaking, the sinusoidal functions 
used in Fourier analysis form a complete, continuous, 
and infinite set of orthogonal functions spanning the 
space of all real numbers. This should be compared with 
the analogous digitally-oriented Walsh functions (See 
"Walsh Functions," September 1977 BYTE, page 190). 
The Walsh functions form a complete, discrete (but 
infinite) set of orthogonal functions, also capable of span­
ning all real space. 

Having discussed the basic utility of the functions 
which compose the Fourier transform, we will now take a 
brief look at the mathematical structure that will even­
tually be encoded into a program to calculate frequency 
transforms. 

The Fourier Transform 
The basic definition of the Fourier transform operation 

is: 

F(w) = I:: f(x)e-iwz d.x (1) 
where: 

F(w) = the frequency transform �
f(x) = the function to be transformed �
w = the frequency variable (eg: radians/second) �
x = the spatial variable (eg: time in seconds) �
i = v'-1 

The transform is performed using complex coordinate 
(v'-J:) algebra and integration. F(w) is thus in 
the complex domain and is only a mathematical con­
struct. However, IF(w) I, the absolute value (or modulus 
of F(w), is a measurable value. It is defined as: 
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IF(w) I2 = F*(w) F(w) (2) 

The * operator stands for conjugation (reversing the signs 
of the imaginary terms). We note that: 

F*(w) = J:: f(x)* (e- •wxy• (dx)* 

If x and f(x) are real (as we will now specify), then we 
have x * = x and f(x) * = f(x) , giving: 

F*(w) = J : : f(x) e+ iwr dx = F(-w) 

Thus: 

F(w) = .JF(-w) F(w) = F(-w) (3) 

Note that, in principle, when performing the integration 
called for in equation (1), all values of w should be con­
sidered, both positive and negative. But since equation 
(3) indicates that F(w) is symmetrical about w = 0, we 
need only consider (and plot) the function for w ;::: 0. 

IF(w) I is called the amplitude or modulus of the 
transform. There is also a phase term in the transform 
which complements the modulus description. For the 
purposes of this article, however, the phase term will not 
be considered. 

To calculate IF<w) I, we observe that: 

IF(w) I 2 = {Re F(w)} 2 + {Im F(w) } 2 (4) 

Tremendous Savings �
on Refurbished AJ �
Couplers/Modems �
Your chance to buy the best from the world leader in 
data communications. We have a variety of couplers 
and modems-formerly on lease to our customers 
-fully refurbished. This is a rare opportunity for you 
to have the same models used by the largest compa­
nies in the world. 

• Some models under $100! 
• 30-day parts/labor warranty 
• Nationwide AJ service network 
• Fast delivery 
• Variety of models-up to 1200 baud 
• Limited quantities 
• Use your Visa or Master Charge 

Act now. First come, first served. Write Anderson �
Jacobson, Inc., 521 Charcot Ave., San Jose, CA �
95131. Or call your nearest AJ office: �

San Jose, CA Rosemont, IL Hackensack, NJ 
(408) 946-2900 (312) 671-7155 (201) 488-2525 

1:1 ANDERSON · 
�~�.�.�J�A�C�O�B�S�O�N� 

The Re and Im operators denote that the real and 
imaginary part of F(w) are to be taken respectively. These 
are: 

Re F(w) = J:: f(x) cos (wx) dx (Sa) 

Im F(w) = J:: f(x) sin (wx) dx (Sb) 

To finally arrange the above equations into a structure 
suitable for computer calculation, we consider f, = f(x.) 
to represent the data value (perhaps from an equation or 
experiment) at position x,. For simplicity we consider the 
data points to be equally spaced; x, + , - x, =6.x. 

We also consider f, to exist only over the interval x, to 
XN. Outside that interval, f, will be defined to be zero. 
Combining the above considerations into a program­
mable form we have: 

(6) 

Equation (6) is the basis for the present computer calcula­
tion of the Fourier transform of the function represented 
by { f,}. The computer program shown in listing 1 per­
forms this calculation and plots the results. 

Note that the number of input data points is N. For an 
equivalent, but not redundant frequency space descrip­
tion, N/2 transform points are required. From an 
inspection of equation (6) it is apparent that the number 
of calculations increases by N 2 if a numerical implemen­
tation of the integration is applied. Thus, if the number of 
data points is doubled, the computing time roughly quad­
ruples. The Fast Fourier Transform (FFT) algorithm 
reduces this dependence. For limited data sets (less than 
fifty data points), the routine shown in listing 1 takes on 
the order of fifteen minutes or less in North Star BASIC 
on an IMSAI, which is acceptable when compared to the 
large programming complexities associated with im­
plementing an FFT for an arbitrary length data set. The 
trade-off is between available programmer's time and 
processor time; my computer lost in the trade-off. 

For those interested in further investigation of Fourier 
transform techniques, an excellent book on the subject is 
The Fast Fourier Transform by E 0 Brigham, published 
by Prentice-Hall. Brigham not only presents FFT algor­
ithms, but also reviews continuous transform theory, as 
well as the errors (particularly at high frequencies) 
associated with discrete transforms such as the one used 
here. He also considers reconstruction of the original data 
set using the calculated frequency transform. 

The Discrete Fourier Transform Program 
The computer program presented in listing 1 is written 

in North Star BASIC and is user-oriented. It allows the 
scale of the automatic data and frequency plots to be 
adjusted to fit the available terminal width. All plots are 
shifted and scaled such that they use the maximum ter­
minal width established by the user. Thus, even the 
owner of a thirty-two-character wide video display can 
use this program. 

The program requires the beginning and ending coor­
dinates (X1 and X2 respectively) of the data set as well as 
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1o..ri1 •i 11o.a. -14 

Hundreds 
More! 
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Listing I: This program will input and plot the data set, then 
determine the transform and display it graphically. The pro­
gram is written in North Star BASIC, but features particular to 
this BASIC were avoided so that the software may be run on 
most BASIC interpreters. 

10 F'.Et'l �"�~�<�>�T�F�:�E�O�U�E�l�i�C�\�'� Al1AL \'2E �R�<�>�~�<�>� �

20 FH1 F. Pl_ICf:DE::;CHEL ·::,,.·21c1/;'? �
30 PF: I tff ·. F'F: I t1 T"-.F'R I tH �
40 PF'Itff �"�~�H�T�O�U�F�:�I�E�F�'� ::;PECTF'UM f-lfiHL'.,-"2'.cF:<><><>'.' �
5 0 F'P I tff '·PF: ItH �
.:.o F'F: I nT" TH I::; PF:OGF:AM TF:At·i:::roF:tt:; " �
70 F'RHH" EOUAL It iCFH1Etff DATA lr'ITO " �
:::o F'F' I tH" FF:EOUEHC·,· ::PACE " �
·30 PF: r tff .. PF: r tn �
H.10 PF'Uff"THE U:O:;EF: ItlF'l_IT::; THE: :::1AF:fUiG " 
110 F'Pitff"At"lit EtiitltiG COOF:DltiHH::::, HLCttK.; " 
120 PF: Itff" l·l ITH THE f·iUt·IE:EF: UF DH rf-i F- 'CI ltH::::; " 
1:30 F'F:ltff"THE F·F:OGF:At·l �~�H�L�L� THEl'l �~�·�L�e�n �·� 

140 F'F:Hff"THE DATA mm IT::; :::PE::.C1F:Ut'1'' 
1so PF: rnr·..PF:rtff 
1t·O F:EM ItH TI ALI ZAT IOti 
170 PF'Itff "ItWUT �T�E�F �: �M�I�~�i�A�L� l·Jll11H: ", 
1::::0 Hff'UT L 
1'30 F·'F: Itff "f:EGitUH IK; CORD InAl E:; " , 
200 ItiPUT :·: 1 
;::10 PF:Itff "EtU!lt"lG COOF:DltiATE: ", 
220 I t·ff'UT ::;2 
;:::::o F:'F'Itff "til_lt'1t:EF.: OF DflTA F'Ctlt'n::;: ,, 
240 I tff'UT ti 
25U PP I tff" I t"lPUT :::CALE FACTOR: " 
20:::.0 I HPUT I 
270 I F I< 1 THEH GOTO 250 
z::o It IM It (H) 

290 D=IX2-Xll/(t"l-l) 
300 l·J 1�=�C�r �·�·�.� �~ �· �1�2�=�:�:�:�:�.� 1415'3.o ( D'<i. I ) 
310 �~�·�B�=�~�·�l�2�.�·�·�"� lt"i-1 :i 
30::0 PEM It fl TA I tiF'UT 
::::::::o PF: I t·ff "I t·ff'l_IT DflTfl" 
::;:40 FOP I = l TO tl 
350 PF:ltff r , ·. rtWUT DI!) 
:::.:.o NE:<T l 
::::70 B=O 
::::::::o F:EM ::: HIFT DATA TO tioti-tiE:GA r 11.tl 
:0:'30 FOP I= 1 TO t·i 
400 IF B>DII) THEN B=DIII 
410 HE>:T I 
42CI FOF: I= 1 TO t·i 
4:C:O It(l)=D1.I)-:E: 
440 IE<T I 
450 I:= AEt::; Ct:) 
40::.0 FF: I tff ·. PF: I tff PF: I tff 
4?0 F:EM F nm MA::. DATA 1.IALUE 
4:::0 T=[1 
4'30 FOP I"'l TO Ii 
500 lF T<D III THEN T=DII) 
5 i0 tlF:::T I 
520 REM PLOT DATA 
S:c:O ::::=L .. "T 
':AO E: =::;<<B 
550 F'F:Itff'PF'IIH 
560 F'P I tff " Dfffi=1 PLCtT I r·lOF:r·IHL 1ZEl•) " 
5"0 PF: I,.,, ··F·F: I t·ff 
5:::0 F'F'Itff "::10:: ", ;.:1 
590 �c�o�~�~�:�;�1�J�i�:�:� 11 �·�3�(�~� 

61:.11=1 r·op I= 1 TO ; I 
0:.1 0 If- :::<- iJ (I)< 1 THE'Ji GOTO 1'·20 
62•=1 IF' ''>'D 1: I) < 1 THEli FF: I tff .. "" 
t·::U IF ·::.;>It f I )>= 1 THEti F·F:IHT TA.!:: �1�_�:�:�;�~�:�1�1� ( 1 I),"<>" 
t.40 IF �: �=�;�~�E�:�<� 1 THEti GOTO t:.60 
650 PR I tff TAB (El ' " : " 
660 NE::,:T I 
670 c;o::;IJB 121.::1(1 
6:::0 PR I tff "::<2= " , :>::2 
690 REM ::';TART FOUF:IEF: TRAtt:WOF.:r·I 
7(1(1 DIM F t:t·i) 
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710 FOR I =1 TO t·i 
7c_i:1 M= ( I - 1 l �<�>�~�1�3� 

7::::0 C 1 =Cr·.. :;:; 1=O 
7*3 FOR M=1 TO 11 
750 ;::;:::<! + (M-1) <>[! �
760 �G�=�l�·�l�~�'�.�>�'�.� �

770 c 1=c1+It1 MJ<>co::; t:Gl �
780 S1=81+Dt:M)<>SINt:Gl �
7"30 NE::<T M �
800 FIIl=SQRTt:Sl<>Sl+Cl<>C!J<>D �
810 !FI=! THEN GOSUB 1260 �
820 �t�i�E�~�<�T� I �
830 F.:EM Etm FOUR I ER Tf':Hti::;f(IH·1 �
:::40 PR I NT '·.PR I l'ff �
850 REM TRAt·iSFORM ItfHA TABLE �
860 PR Hff " FRECH F:ADl t-lODULU::;" �
:::70 PR Itff " -------- ------­
::::::o FOR I =1 TO N �
:::·30 PRllH " ", �H�f�f�(�1�0�0�0 "�W�3�~�(�l�-�l�l�+�.�:�:�.�l�/�l�O�O�O�,� �

900 PRINT " �"�,�I�N�T�1�1�0�0�0�~�F�l�l�l�+�.�~�)�/�l�0�0�0� �
910 tlD:'.T I �
'3c:O PR I t·ff "·.F'RI tff �
'o(30 F.H1 TRANSFORM PLOT �
'340 PR Hff " FREG!UEtKY PLOT U'lUl..:Mt1LI ZEDl " �
'350 PR I NT '-.PR I NT �
960 PRINT INTl1000<>Wl+.5J/1000, �
'370 PR I tff " RAD I AN::;,-::;Ecotm "' �
·;o:::O PRINT Itff �(�5�0�0�<�>�1�~�1�/�3�.� 141595+. !:•l .. ·H.n.)(1, �
·3·30 PR Itff " HERTZ ( C'/CLE::;,.·::;ECOtUIJ " �
1010 e;o:;::UB 1200 �
102(1 T=O �
1030 FOR 1=1 TO N 
1040 IF T<:F (I l THEt·i T=F ( I:t 
1050 t·iE'.>::T I 
1060 ::;=L ' T 
1070 FOR 1=1 TO N 
1080 IF s<>F(Il ( l THEN GOTO 1u90 
1090 IF :::•F (I) < 1 THEt·i PF.: ItH "9." 
1100 IF :;:;<>FI!) >=1 THHi PRHff ff-1.t: I :::9.F 1: I:t -. 5l, "<>" 
1111.::1 F'F:IHT �"�.�"�~�T�A�B�t�:�L�-�1�)�,�"�.�"� 
1120 NE:O'.T I 
1130 GOSUB 1200 
1140 PRINT INTl1000•W2+.5).'10Uu, 
1150 PR ItH " RAD I AM::;.. '::O;ECot·m " , 
1160 PRINT �I�N�T�l�5�0�0�<�>�W�2�/�3�.�1�4�1�5�9�5�+�.�~�l�/�l�0�0�0�,� 

�1�1�7�~�:�1� PF: ItH " HE"TZ I c-,'CLES, ' '.:£COt·ilt l " 
11:::0 nm 
1190 REM BOARDER LINE PLOT 
1200 FOR I=l TO L 
1210 PRHH "<>", 
1220 tiE><T I 
1230 F'F:ltH 
1240 RETURl"l 
1250 REM COF:RECT DC UALUE F'OP i..ltff H ::.HI FT 
1260 Cl=C 1-t1•B 
1270 Flll=ABSt:Cl)•D 
10::80 F:ETURti 
F::EflD\' 

number of data points, N, as initial inputs. It then asks 
for a frequency scale factor (to be discussed shortly). 
After receiving this information it then asks for the N 
data values, f ,. These are plotted, and the computer 
subsequently enters the Fourier transform calculation, 
which may take several minutes. At the end of this calcu­
lation, the N frequency data points are printed out. This 
is where the effect of the frequency scale factor becomes 
evident. With a scale factor of unity, the Nyquist sam­
pling criterion is used to determine the maximum fre­
quency to be used in the transform calculation. The fre­
quency range is divided into N-1 intervals, and the fre­
quency space data points are plotted at the associated N 



We're looking for the mostoriginal use �
of an Apple since Adam. �

What in the name of Adam do people do with 
Apple Computers? 

You tell us. 
In a thousand words or less. 
If your story is original and intriguing enough, 

you could win a one-week all-expense paid trip for 
two to Hawaii. Which is the closest we could 
come to paradise. 

Win fabulous prizes for 
creativewriting. 

To enter, drop by your nearest Apple dealer and 
pick up an entry blank. Fill it out. Then write an 
article,in1000 words or less,describing the unusual 
or interesting use you've found for your Apple. 

A jury of independent judges will cast the 

graphics/music, entertainment, home, business, �
education, scientific, professional, and industrial. �
And each winner will choose from a long list of �
longed-after Apple peripherals-from Apple �
Disk II's to Graphics Tablets to printers. �
Or you can take a $250 credit towards the �
purchase of any Apple product. �

The contestends March 31,1980. All winners 
will be notified by May15. 

Entry forms are available at your participating 
Apple dealer. Call 800-538-9696, (800-662-9238 
in California), for the one nearest you. 

Mail the entry blank, your article and any 
photos to: Apple Computer, "What in the name 
of Adam" contest, 10260 Bandley Drive, 

deciding vote for the grand prize: a week for two, 
Cupertino, CA 95014. 1 

And may the juiciest �~�t�f�A�"�t �.�.�-�l�l�i�l�l�l �.�.�.�,�.� 
application win. ., �~�~ �M�[�t�l�l�f� 

a 
airfare included, in Hawaii. 

The judges will also choose 16 additional 
winners, two each from eight categories: 
Circle 17 on inquiry card. 



***FOURIER SPECTRUM ANALYZER*** 

THIS PROGRAM TRANSFORMS EQUAL INCREMENT DATA INTO 
FREQUENCY SPACE 

THE USER INPUTS THE STARTING AND ENDING COORDINATES, 
ALONG WITH THE NUMBER OF DATA POINTS THE PROGRAM WILL 
THEN PLOT THE DATA AND ITS SPECTRUM 

INPUT TERMINAL WIDTH: ?51 
BEGINNING COORDINATE: ?O 
ENDING COORDINATE: ?6.28 
NUMBER OF DATA POINTS: ?17 
INPUT SCALE FACTOR: ?1 
INPUT DATA 

1?0 
2?.38 
3?.71 
4?.92 
5?1 
6?.92 
7?.71 
8?.38 
9?0 
10?-.38 
11?-.71 
12?-.92 
13?-1 
14?-.92 
15?-.71 
16?-.38 
17?0 

Figure 1: Initializing routine for a seventeen-point approxima­
tion of a one-period sine wave. The period chosen was 27!'. 
Thus, the characteristic frequency associated with this sine wave 
is one radian per second. 

boundaries. With an inputted scale factor greater than 
unity, the maximum frequency is reduced corresponding­
ly. This gives better resolution for examining low fre­
quency components. Scale factors less than unity are not 
permitted. 

A sample run for a seventeen-point approximation of a 
single period of a sine wave is shown in figures 1, 2, and 
3. We expect to see no "power" at w=O on the frequency 
plot because the average value of the data set is zero. 
Such is the case, since the signal approximated is a dis­
crete truncation of a continuous sine wave having a fre­
quency of one radian per second. However, because the 
wave has been truncated, there are many other frequency 
components present which not only spread out the power 
around the one radian per second point, but also appear 
to shift the frequency spectrum maximum towards a 
lower frequency . The same features are apparent in figure 
4 where the frequency resolution has been increased 
three-fold. 

Truncated Sine Waves 
The plots presented in the last section demonstrated 

that, although we intuitively expect a peak in the fre­
quency spectrum at the sine wave frequency, none is 
apparent. If figure 4 is viewed with a little imagination, 
however, it is possible to see that the complete spectrum 
is composed of two parts, with one part having a peak at 
the sine wave frequency, thus causing the small bump at 
f = 1 radian per second in figure 4. 

Since we have a computer program that allows easy 
evaluation of frequency spectra, consider the approxi­
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:.tfHf1 F'LOT i:t·10Rf·1AL I ZEitl 

>a= o 
�~�9�.�~�:�0�:�:�0�:�:�0�:�:�Q�:�:�O�:�:�O�:�:�O�:�:�O�:�:�O�:�:�o�:�:�o�:�:�o�:�:�o�:�~�:�O�:�:�O�:�:�O�:�:�O�:�:�O�:�:�O�:�:�O�:�:�O�:�:�O�:�:�O�:�:�o�:�:�0�:�:�0�:�:�9�.�~�~�.�:�o�:�:�o�:�:�o�:�:�o�:�:�o�:�:�o�:�:�-�.�:�o�:�:�o�:�:�o�:�:�.�.�.�:�~�.�:�~�~�-�-�-

Figure 2: Computer responds with a plot of the data set. For 
added clarity, lines have been drawn between the plotted points 
on this and all subsequent figures. 

mate square-wave data set shown in figure 5. The corres­
ponding frequency plots are shown in figures 6 and 7. 
Mathematically we expect to see a "sine" function, 
( F(z) =sin z/z), frequency response, with the exception 
of having a zero at w = 0. The next zero is expected to be 
at 2 radians per second. From the frequency plots we see 
the expected characteristic shape, but with a zero at 1. 9 
radians per second; the input square wave is not ideal. A 
direct comparison of figures 3, 4, and 6, 7 indicates that 
the single-period sine wave has a spectrum similar to that 
of the single-period square wave, with the important dif­
ference that there appears to be more high frequency con­
tent in the square-wave spectrum. This is not surprising 
since there are sharp edges in the square-wave truncation 
which should lead to more high frequency components 
than with the sine-wave truncation. 

Since the spiked-spectrum characteristic of an infinitely 
long wave is not very evident in the single-period wave 
truncation example given above, the question arises: how 
many sine wave periods are required before the fre­
quency content that is characteristic of the single-period 
square wave is sufficiently reduced to allow the spiked 
spectrum to become evident? Again, we can experiment 
using the computer by entering a thirty-three data point 
representation of a two-period sine wave and observing 
the resulting frequency plot (see figure 8). As expected, 
the infinite sine-wave characteristic is much more evident 



The easy way to learn about computers: �
BUILD ONE. �

-..1 • • • '''"' 11 . , , . , !1 11111• •1 • · •••1\ \ 

H14 Serial Printer 
\l 

H11A 16-bit Computer (DEC® �
PDP-11/03 compatible) with �
Dual Floppy System I> � -

�~� > _ 1:vr 11HB9 All -In-One Computer 
Self-Instruction . �P�r �o �g�r�a�m�~�s �· �f�c�f�o�~�r �- �.�,�,�.�.�;�.�.�:�.�i�.�.�:�-�:�-�-�: �!�.�l�r�~�d�!�.�; �-�~�~�"� .,..._ _�'� �L
Assembly and BASIC Programming 6. 

Yes, you can do it. Heath makes it simple for running your home or business, and But they're not playthings. They're power­
w i th easy-to-build kits and step-by.step exciting games your kids will enjoy. ful, high-'capacity computers · designed for 
assembly manuals that lead you from un­ The Heathkit User's Group (HUG), ·made complex programming. You;ll find com­
packing to final plug-in. up of owners of Heathkit Coriputers, will plete systems - hardware, software; acces­
And once you build your own computer, share with you a library of over 400 pro­ sories - within the pages of the ' Heathkit 
you'll know it inside-out. You'll know how grams that they've wr.itten to �m�a�~�e� your Catalog. And you'll find service any time 
to make it work for you. ·· · computer serve you in ways you never you need it at 55 locations throughout the 

Software, designed especially for Heathkit imagined. U.S. or at the Heathkit factory. 
Computers, includes innovative programs Heathkit Computers may be low-cost kits. 

I tEATH l"Heaih'C;;'p;,;y, - - - - - - - - IFREE .. 
I 

-mam·M·M• Dept. 334-600 

. 
I 

- -·- ••• ••- Benton Harbor, Ml 49022 I 
For complete descriptions of Heathkit 
Computers and nearly 400 other elec- I D YES Please send me my FREE Heathkit Catalog. I 
tronic kits for your home, business or I am not currently receiving your catalogs. I I 
pleasure, send for the latest, free _ �
Heathkit Catalog. · �=�=�- �,�~� I �N�a�m�e�-�-�-�-�-�-�-�-�~�-�-�-�-�-�-�-�-�-�-�-�-�-�~� 1. �

AddressIf Coupon is missing write: Heath Co., I _____________________ I 
Dept. �3�~�, Benton Harbor, Ml 49022 II City State IHeathkit Products are also sold and serviced at Heathkit Electronic 
Centers (units of Schlumberger Products Corp.) throughout the U.S. I CP-170 Zip I 
See your white pages. DEC is a registered trademark of Digital 
Equipment Corporation. L---------------...S 
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FINALLY, Apple II R> software for the discerning computerist, 
and the not-so-discerning beginner 

Apple Aids '"' 

i] 0 

1 . 001 
j_ . 501 
C'.. UO 1 
C::. 501 
:3 .002 

4.002 
.··,c.·4. 502 • •,:•._1 

�~�5� �.� DO::: 
5. 50:3 • 23C'. 
t:. •oo:::: •39C: 
6.50:3 �.�1� �4�'�~� 

;-"" . i::•::14 . :;:·:o 
�~... 504 • 07 '? 
::::. 004 • 39:3 

Figure 3: The program outputs a table of transformed data, as 
well as a frequency space plot. 

because the term which appears to be related to the trun­
cation has collapsed two-fold in the frequency span. 

To those familiar with Fourier transforms of signals 
which have been "windowed," the first low frequency 
zero shown on figure 8 (other than that at w = o) is direct­
ly related to this "window function." This function may 
be considered as multiplying an infinite sine wave to give 
the observed truncation, thus the frequency spectrum of 
the resulting signal is the convolution (see convolution 
theory in The Fast Fourier Transform by Brigham) of the 
perfect sine wave spectrum with the spectrum of this win­
dow function, the latter having a functional form defined 
by (F(z) = sin z/z). As the window becomes relatively 

. J92 

H ?EOUEt·lC'/ PLOT �i�:�t�K�1�~�:�M�A�L�I�Z�E�D�)� 

0 F:ADI At1 ::::..·'SECOtlll 

�.�-�- �:� �.�; �1�:�-�- �--�~� 

-- .-- 1 radian/second 

�-�- �· �l �~ �-

. . 
�~�~�~�~�~�* �: �~ �*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�~�-�*�*�~�~�*�*�*�*�*�*�*�*�~�*�*�*�*�*� 

::: . 004 PAD �I�A�t�i�:�:�:�~�·�·�:�:�:�E�c�o�r�·�m� l. di-+ r-lt:F rz: �(�C�'�i�C�L�E�~�: ... �·� �: �:�:�:�E �C�O�~�m�)� 

F'EAD\' 

Little Tricks TM 

A series of carefully explained subroutines containing a potpourri of �
useful programming techniques in Integer Basic and Applesoft, such as �
specific key stroke identification, timing loops. disappearing question �
marks on input, no question marks on input, and many more. �
Cassette (16K)......... 14.95 Disk (32K) . . . . 19.95 �

Scroll Control™ 
Have you ever wondered why you cannot list an Integer Basic or �
Applesoft program one screen-page at a time? So have we. and we �
did something about it! Our machine language Scroll Control, hidden �
in RAM so as not to "bump" into your program, can be engaged or dis­�
engaged at a flick of the keyboard. Why be frustrated wheninstead you �
can control the scroll? Cassette . 9.95 Disk ...... 14.95 �

Compulaw ™Series 

*Alitax Estimator™ 
This Applesoft program,prepared under the supervision -0f an attorney, �
estimates disposable income after alimony and child support payments �
and federal taxes. For use by laymen and attorneys. 1980 tables. �
Cassette (24K) . . .. 9.95 Disk (32K) . . . . 14.95 �

·Pensionner™ 
Acompanion to Alitax Estimator in Applesoft designed to calculate the �
present value of a pension in states in which a pension is subject to �
division in marital dissolution cases. �
Cassette (24 K) ... 9.95 Disk (32K) . . ... .. 14.95 �

N.J. res. add 5% sales tax 
TM_,Apple II and Applesoft are registered 

Form-It-Out™ 
A series of routines in Integer Basic and Applesoft containing detailed 
explanation and examples of programming techniques necessary to 
professionalize your screen output. Included are right and center justi­
fication, windowing, tabbing, cursor positioning among others. 
Cassette (16K) ...... .. 14.95 Disk (32K) . . . . ... 19.95 

Track 8r Sector List™ 
This is the ultimatedisk utility. Instead of acatalog, have you ever seen 
those dreaded words "110 ERROR"? Is all lost? NO! Now your disk may 
be saved.Also you can eliminate bad sectors, remove control characters 
imbedded in file names, change the disk volume number, and more.This 
machine language program is supplemented by extensive tutorial 
documentation worth its weight in gold.Disk only (32 K) ...... 24.95 

Hex and Decimal Learning Tree TM 

My ABC's™ 
An early learning Integer Basic program using over one hundred and fifty 
high resolution gtaphic letters and pictures in adrill -and-practice format 
designed to develop identification of capital and small letters, and 
association of letters with pictures. Scoring capability allows monitoring. 
Child tested and teacher recognized.Cassette (48K) 14.95 Disk 19.95 

Now I Can Rhyme TM 

Acompanion to My ABC's in Integer Basic.The child selects those high 
resolution pictures which rhyme. Score-keeping capability allows 
monitoring. Incorporates progressive levels of difficulty. 
Cassette (48K) ......... 14.95 Disk (48K) .. . ..... 19.95 

trademarks of Apple Computer. Inc. �
Add $1 /item, shipping and handling � P.O. Box 774M 

·professional. but not a substitute for Morristown, NJ 07960 
legal advice INCORPORATED (201) 539-3770 
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(ALtOl) 
COt.1PUfl:fl SYSl Cf/IS 

THE VER 
Double Density ZBO �;�~ �1�~� 

plus Twin 8" Fl 
plus 14.SMb 
for �u�n�d�e�r�$ �~� 

And morel �4�'�. �' �'�~ �'�"�" �"�"�' �1 �1�r�2� 

2338-A Walsh Avenue 
Santa Clara, Ca. 9505 




































































































































































































































































































































































































































































































































































































	Front cover



