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ABSTRACT 

In' this thesis, a heart rate monitor and digital 

thermometer has been designed and, built. This instru-

ment has low and high alarms for heart rate and tem-

perature. The device does not need frequent calibra

tion and has an operating range,. for_the:heartlrate 

monitor; from 20 to 200 beats/Min with an accuracy of 

~ Si, for digital thermometer; from 30 to 4S oC with an 

a~curacy of ~ 1%. The design is realized with usual 

. TTL integrated circuit. The Majtir g~al was to produce 

a desk-top heart-rateJthermometer monitor which allows 

to calculate heart rate and temperature \"rith enough 

accuracy, and to realize this in an economical way. 

The results obtained are quite satisfactory both in 

performance and economy. 
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CHAPTER 1 

INTRODUCTION 

Biomedical Engineering seems to be a new branch 

of engineering. But, it begins in the Sixteenth cen

tury, the dawn of medicine, ~ith Leonardo da Vinci 

(1452-1518). Da Vinci was a great artist and an en-

1 

gineer. He studied the motions of bones and muscle in 

extensive detail. Later, l.'illiau Harvey (1578-1657), 

the great English physiologist, discovered that blood 
--

is pUr:1ped by the heart, and pointed out the differences 

in directions of flow in arteries and veins. After some 

other physiological developments, Galvani (1737-1798) 

and Volta (1745-1827) made studies of electrical plleno-

r.lena in the body. They shOlved that external currents 

can effect muscle~. After a few years Ktliliken ~nd 

iIflller sho\'!ed that during the .contraction of the heart 

an electrical potential is prod~ced. This potential 

was recorded in 1887 by Waller, ''1110 used a device c~lled 

a capillary electrometer, introduced by Lippman in 1875. 

Now Biomedical Engineering helps medicine in a big area; 

stainless steel has been used extensively to repair 
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joints and bones, nylon thread is a'widely used surgi

cal material. Artificial organs are used~extensively; 

Heart-lung devices, heart valves, etc. Also, Biomedi-

,cal Engineering can perform very many sensitive rneasure

nents. 

These rleasurenents are; 

a~ Bioelectric potential: 

Bioelectric potential can be separated into 

three branches 

i) ECG - Electrocardiography that is 

coming from the·heart 

ii) EEG - Electroencepholography that .is 

coning from the brain 

iii) E·IG - Electromyography that is coning 

from the muscles. 

b. Skin resistance measurer.wnts 

c. Cardiovascular measurements 

d. Respiration 

e. Temperature 

f. Physical movements 

g. Behavioral characteristics (sound, speech, 

taste, snell) 

These neasurcnents,hclp the doctors in their 

diagnos is. Also these neasurer.lents help the develop

ment of medicine. 



3 

This thesis is based on two neasurements; Heart <, 

nate anu Teuperature. These parameters are very im-

portant for a person's state of health. These instru- ., 

rnents are always useu at bedsiue and central station 

monitoring assemblies for convertience in narration and 

analysis. In designing this instrument) reliability, 

economy and simplicity hav~ been enphasized. 

Before explaining the heart rate and clinical , 

thermometer and going into details, it is worth to rnen-

tion some properties of heart rate and temperature. 

I ,. 
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CHAPTER 2 

HEART RATE 

2.1. HEART 

, 

The heart is a living purap. It ·is a bundle of 

nuscle cells, nerves, tubes and fibers. It is located 

in the upper chest cavity slightly to the left and be

low the center of the breast bone. It has four chambers, 

left atrium, right atrium, left ventricular, right ven

tricular. These chanbers successively expand and con

tract so that the blood is alternally sucked in from 

the veins and lungs by the right and left atrium and 

squeezed out by the left and right ventricle through 

the arteries in order to supply the body tissues. These 

sucking and s'queezing actions are ini tia ted by the elec

trical action of the heart muscle itself. This elec

trical action of'the hea-rt is called Electrophysiology 

of the heart. 



Electrophysiology of the Heart. 

The electrical action of the heart is the main 

peculiarity of the heart. 

The electrocardiograra (ECG or EKG) is a graphic 

recording or display of this electrical action. The 

following factors are involved in the genesis of the 

ECG: 

1. Initiation of impulse formation in the 

prinary pacemaker (sinus mode). 

2. Transr.1ission of the impulse through the 

specialized conduction system of the heart. 

3o. Activation (depolarization) of the atrial 

and ventricular myocardium~ 

5 

4. Recovery (repolarization) of all above areas. 

In order to understand the ECG, it is necessary 

to have a basic knowledge of interacellular and surface 

potentials. 

2.2. IHTEP~CELLULAR. POTENTIALS 

If one electrode is placed on the surface of a. 

resting muscle cell and ~ second indifferent electrode 

is placed in a remote location, no electrical potential 

will be recordecl because of the high impedance of the 
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cell membrane. lImH~ver, if the cell membrane is pene

trated by a capillary electrode, a negative potential 

of about 90 milivolts (mV) will be recorded. This is 

known as membrane resting potential (NRP).The major 

factor that determines MRP is the gradient of th~ po

tassiur.1 ions (l(+) across the cell membrane. The intra

cellular concentration of K+ is approximat~ly ISO ~rnq/ 

liter, and extracellular concentration is approximately 

!j HEq/liter. This K+ gradient is 30?1. On the other 

hand, an opposite gradient exists for the souium ions 

(11a+). Unuer suitable conditions, distribution of ion~c 

concentration will result in a pote~tial difference be

tween these different concentrations. This potential 

difference can be calculated by using the NERAUST 

equation. 

Potential (mV) 

Potential 

Potential 

I 
;' 

c~mcent. oneside of memb. 
= 61. 6Jog 

concent. of other side of m. 

(n\') 61.6 log 1 
= 

30 

= 61. 6 (log 1 log 30) 

= 61.6 (a-I-log 3) 

= 61. 6 '( 1 - 1- a • 4 7 8 ) 

= - 61.1 (+ 1,478) 

- ~o r.1V 



Por univalent ionic solutions, the forr;mla is 

challgeu anu potential is founu uy using the Twuility 

of ions: 

U nobility of negative ions 

V noLility of positive ions 

Poten t ial (lilV) = I {j V 6 .6 u + V 

~ia+ gradient does not alter the IlRP because the. cell 
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neTabrane is conshleraUly less permcaule to, l!a+ than to 

I~+. It is estir.lateu that the cellr,ler:10rane in the 

resting state is 30 tines Dore permeaule to .,+ 
h than to 

Ha + • Ho\\', \Ve have to look, Hha t is the source of en

ergy that ,allo\1s for the high intracellular K+ concell-

tration and the negative HP-P. As stated above, the 

cell r.1enbrane in the resting state is 30 tines less 

perncable to Na ~ than to I~+, the fon.ier uoes pass across 

the cell nerlbrane. fIost electrophysiologists uelieve 

that the energy for maintenance of the lIRP is ueriveu 

fron tHe lJa+. Theoretical consideratioI1:s and sone ex-

perinental evidence \wllld seen to Harrantthe assur.lp

tion that soJiun enters the cell in an ionic forn but 

leaves the cell in a nonionic form. This is. referred 

to as the "active transport of sodium" or "sodium punp". 

Thus, it is thought that sodium ions enter the cell anu 
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produce the source of energy. The sodium ions then 

conbine wi til S01;le unknmm interacellular suLstance, and 

tllis nonionic combination leaves the cell. At the on-

set of depolarization of a muscle cell, there is an 

abrupt change in the pcrr.leability -of the cell membrane 

to sodium and potassium ions. Sodium ions enter the 

cell and result {n a sharp rise of intracellular poten-

tial to + 20mV. This is associated· with a migration of 

potassium ions outside the cell nembrane~ Following 

this rapid phase of depolarization, there is a relatively 

slow and gradual return to intracellular potential to 

the HRP. This is the phase of repolarization and is 

usually divided into 3 phases. 

Phase I - An initial rapid period of repolariza-

tiona I , .. ~ 

Phase 2 - A plateau period of repolarization. 

Phase 3 - The last. period of r'cpolarization;a 

slow, gradual: return of the intracellu-

lar potential to the MilP. 

Phase 4 - Hembrane resting potential. 

Figure I shows the diagram of the action potential 

of a vcntricular muscle cell • 
. 

The duration of this curve from the onset of de-

polarization to the tcrmination of repolarization is the 

duration of action potential. The monophasic action 
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potential curve of the action of a ventricular muscle 

cell. Phase 4 UIRr) and depola.,rization are similar but 

Phase 2 is shorter in an atrial muscle cell. And the 

sino atrial (SA) node is markedly different from them. 

Figure 2 shO\'/s these differences ~ 

The curve of sino-atrial node can also be divided 

3 phase as the curve of atrial or ventricular cell. 

But it has a lower HRP (-60 to -70 nV) at the onset of 

diastole. Depolarization is s low.er and does not rich 

sufficient positive potential to be recorded on a sur-

face electrocardiogram. The peak of tIle action poten-

tial is rounded and repolarization is 11 single slO\v 

curve in "'hich phases 1,2,3 cannot be defined. The 
- . 

cells. of sino-atrial noue do not '"ant any pulse to 

start depolarization. There is a gradual rise of the 

Imp during diastole. It. is this prepotential that ex-

plains the automatic function of the sinus. pacenaker. 

The SirillS pacenaker \~orks autor.laticly and it causes the 

atrial and velitricula~ depolarizations. The potential 

w]lich is created by the cells spreads through the.nodes 

to body. The source of these potentials is the SA node. 

From the SA node, the electrical potential goes to the 

AV node and it is reached right boundle.of the heart and 

left bundle of the heart by the Punkinje fiber. At 

last, this electrical potential spreads through the heart 

to every point of the body. Because of these spreading, 
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the conduction velocity is inportant.' Velocity' is nost 

rapid in the Purkinje fibers and slowest in the mid

portion of the AV nod~. 

The following figures are average values of animal 

species; SA node: 0.05 n/sec,' atrial muscle = 0.8-1 

TIl/sec; AV node = 0.05 m/sec, bundle of His 0.8=lm/sec, 

Purkinje fibers = 4 m/sec and ventricular muscle 0.9 -

1 m/sec. 2 

2.3. ELECTRODES, LEADS, AIID THEIR PLACEMENT 

... 
We have discussed above how the heart beats are 

produced in the body. These bio-electric impulses 

travel due to each cell's depolarization. The action 

potential discussed previously occuis across every 

cell's menbrane, and many of these acting together ',give 

rise to quite large electromagnetic fields and currents 

,.,ri thin the body. Fortunately, these electro 'physiolo

gical effects are detectable at the body's surface. 

Thus, if t"IO electrodes are placed on the body's surface 

and the potential residing at each electrode site due 

to the heart signal is fed into a differential amplifier, 

then the heart's "electrical signal" can be recorded. 

Briefly, the t\Velve st'andard electrodes can be diviJed 

into three categories. 
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1. Bipolar limb leaus (1,11,111), concerned \'lith 

vOltages between the limbs anu the left and 

right sides of the body. 

2. Unipolar limb leads (AVR, AVL, AVF) , concerned 

with voltage differences between a particular 

limb and a central terminal potential point 

created bi a resistance network placeu be

tween the other tlvO limbs. 

3. Hnipolar chest leaus (V leads), connecteu so 

as, to develop vOltage differences between 

six chest electrode positions and a central 

terminal createu by the midpoint of aY

connected res is tance network. 'Specifically, 

this network is formed by electrode leaus

from the right arm, left arm, anu leg passing 

through three separate, equal resistanc6i. 

2.3.1. Bipolar Leaus 

Lead I delivers difference of potential 

between the left arm and the right arm. Lead II de- ( 

livers difference of potential betl'Jeen the left leg anu 

the right arm. Lead III Jelivers difference of poten

tial bet'veen the left leg and the left arm. The rela

tion between the 3'leaus is expressed algebraically by 

Einthoven's equation: 



Lead II = Lead I + Lead III 

This is based on Kirchoff's law, ~hich states that 

algebraic sun of all the potential differences in a 
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closed circuit equals zero. If we sum three potential 

differences; (LA - RA) +(RA - LL) + (LL - LA) must equal 

zero. l'le could write this equation in this manner; 

(Lead I) + (- Lead II) + (Lead III) = 0 

The equation becomes, 

I - II + III = 0 

Then., I + I I I = I I is obtained. Now, we can see the , 
" 

greatest lead is lead II. But because of connection 

simplicity, we have choosen Lead I in the heart tate 

nonitor. 

2.3.2. Unipolar Leads 

i) Lead AVR delivers difference of potential 

bet\'leen the right arm and the Hilson refe-

renee. 

ii) Lead AVL delivers difference of potential 

bet\Veen the left arm and the Hilsonr.eference. 
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iii) Lead AVF delivers difference of potential 

between the left-leg and tIle Hilson refe~ 

rence. 

iv) Six unipolar chest leads deliver potentials 

between the chest electrode (this elec

trode places six difference points) and 

the true Hilson reference. 

The l'!llson reference: lie have seen above that 

Lead I + Lead II + Lead III = O. _ If we connect three 

.lir.lb (I,II,III) \:ith a resistance network, it will re

suI t in a zer,o potential. This potential is the true 

Wilson reference. This reference is ~seJ to measure 
~ 

Unipolar chest leads. If lIe want to see unipolar linb 

leads, we disconnect a limb lead of the true liilson 

reference that is measuring the limb. This degenerate 

l!ilson reference is called the Filson reference (Figure 

6). Diagnostically, this neans that the specific 

shape, anplitude, or duration of the various QRS andT 

Haveforr.ls tells a number of basic things about details 

or even about the overall uechanism. nut our device 

tells us only the duration of theQRS. He have dis-

cussed nornal and abnbrnal cardiac rhythn and its cli-

nical significance in Chapter 8. 
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CIIAPTER 3 

TEHPEPU\TURE 

The prouuction of heat, its internal transport 

alid its diss ipa tion from the human body are topics of 

great importance we would like to discuss the magnituue 

and source of heat production in the bolly, the \'lays 

in \vhich heat is transported internally from one region 

of the body to another and heat losses. 

3.1. BEAT PIWDUCTION 

The basal metabolic rate of an average person is 

about 72 kcal/hr. Basal metabolic rates are det~rmined 

with "human calorir.Jeters". The basal heat is prouuced 

in the bouy_ The organs that are mo.st active mechani

cally and chemically produce the most heat (liver, 
. 

heart, brain). These active organs generally run 10 

or 2° F higher in temperature than the surrounding tis-

sues. In adlli tion, the body "core" is warmer than the 
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body's extermities and surfaces. Figure 1 shows ·iso

thcrns in the body.· ~JorT:lal r.lUscular activity call raise. 

heat prouuction to l25~ or so of tl!e basal l:1etaiJolic 

rate, hut at r.aXiTtlUl:1 acti vi ty this figure uay ~e as 

high as 1500 - 2000:,; of mm. 3 

The heat prollucecl in the bally is der i veu frotl 

hreakuO\:n, synthesis and utilization of food. Figure 

G shoHs 11m.' heat and external ,.;ark arc genera tcd in 

the Lady. 

Starting Hiti! 100 units of food energy, \'IC see 

that S~ is ultinately lost in the foru of entropy 

change. The rest of the food renains ·as potentially 

available free energy. The body utilizes all food as 

the format ion of a conpou11l1 calleJ adenos inc triphos

phate (ATP). ATP is used to power all necessary func

tions" such as keeping the body rcpaired, synthesizing 

chemicals, fueling the heart aud lung muscles, driving 

nervc inpulses, etc. ~nd also ATP is converted into 

external work. All processes except for external work 

entail a dcr,redation of chemical energy into heat. 

llence, if no external work is being performed, all food 

energy ultiMately is converted into about S% cntropy 

and 95% heat. 

Loss of !lea t to the Environnent 

l~e have said all food encr;;:;' is approxinately con-
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verted into heat. It Hould be ,interesting to discuss, 

if there is no heat loss in the body. Let US assume 

a body Height of 63 kg, a heat capacity of 0.86 kcal/kg, 

°c awl basal heat production rate of 72 kcal/hr. 

Using 

dT 
dt 

He find that, 

ciT 
Tt = ..JL 

m.Cp 
= 72 = 1.Z °C/hr 

68 x 0.36 

This result shows us, if there is no heat' loss, 

the body tenperaturc ,,",auld rise 1.ZoC per hour. This 

result also indicates loss of heat to the environment 

is very inportant in huuan life. 

3.2. LOSS OF IlEAT TO THE ENVIRONf.lENT 

lIea t loss can be separated as follO\vs: 

a. Radiative heat losses from the body, 

b • Convective h'ea t losses from the boJy, 

c. Evallorative heat losses froJil the body 

i) Heat loss by diffusion of water through the 

skin, 

ii) IIeat loss by s\;,eat secretion, 
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iii) Heat loss Ly evaporation of water into 

inspired air. 

Now, we will Lriefly discuss this subject and the 

relationships Letween them. 

3.2.1. nadiative Heat Losses from the Body 

All objects continually radiate energy 

in accordance \·li th the Stefan-Bol tzman law~ proportiona-

tely with surface area J enissivity, and,fourth power 

of absolute temperature. lfthe surroundings that 

covers the body are hotter than. the body surface tem-
"-

perature, a net heat gain via radiation occurs. lfllen 

the surrounuings are cooler, net heat loss occurs. 

The loss of heat C.or gain) from the body has ",been 

characterized by the equation; 

. 
Ts is the sur£~ce te~peratureof the body and Tr is 

the temperature of solid surroundings (Ts'+ - Tr '+) can 

be expanded into two factors. 

- T ) r 
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If temperature is a normal range of conditions, we take 

this factor into ICr ' and thc-- formula can be \vri tten as 

follO\vs: 

Ar' is t}ie effective area of the Lody, for a nude 

body, Ar is 80% of the total surface area, es is the 

~ enissivity of the body for inci<.lc.Ilt infrared radiation, 

the absorbtivity of the-hunan body is very high, about 

0.97 and it is indepent of color. For visible light, 

the skin has an absorbtivity of ahout 1),65-0.82, de

pending on whether it is-white or dark respectively. 

l!e could estimate an average value for Kr , Ruck and 

Patton (1965) cite 

Kr is 7 kcal/hr-m 2 -Co • 

3.2.2. Convective IieatLosses from the Body 

Convective heat losses fran the body is 

characterized by this fornula, 

Ts and Ta are surroundings and aElbiend tenper?--
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tures. Ac is the effective area for convective trans

port. Ac is generally about 80% of the total surface 

area, for a nude body. Kc is ~ convective heat trans

fer coefficient. Convective heat losses can be sepa-

rated as "free convection" and "forced convection" heat 

transfer on the activity of surrounding environment. 

If there is no air velocity to the person, pure free 

convection occurs and, if there is a definite velocity 

of air to the person, the forced convection occurs. 

Kc is defined as either free or forceJ convection in 

t,vo ways. If there is free convection we would take 

that Kc is equal to 2.3 kca1/m 2 -hr-Co • If there is 

"forced convection" Kc can be defined approximately by 

this formula: 

Forced convection is more important than free convec-

tion. l:e l'lou1d see this in a sir.lp1e exartlp1e. In our 

example T 5 = 33 0 C, T a = 29 0 C and Ac = L 8 m 2. 

Ne take two cases: 

First, there is no air movement and free cOllvection. 

occurs. IIeat loss is;, 

Qc = (2.3) (0.8) (1.8) (33-29) =.13.24 kcal/lir 
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Second, there is an air rnovenent and air velo-

ci ty is lnl/ sec (3.6 km/houF). Forced convection occurs. 

Heat loss is; 

Qc = 5.6 • 1°,67 (0.8)(1.8)(33-29) 

= 32.25 kcal/hour 

If He think that mlR is 72 kcal/hr we can understand 

that-heat convection losses are very important. 

3.2.3. Evaporative Heat Loss~s from the Dody 

He havesaiu evaporative heat losses 

occur by several nechamisns. These are as follO\,rs: 

i) IIeat loss by diffusion of water through skin: 

liater diffusion through hUlnan_skin is about 

350 nl/day in an average person. The diffusional heat 

loss Qd is proportional to the difference between ~he 

vapor pressure of water at skin temperature CPs) and 

tIle partial pressure of water vapor in ambient air CPQ). 

Qd is also proportional with the surface area of the 

body (AN)' ~he formula can be given asfollO\,rs: 
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Ps can be represented well by the formula; 

25.3 mm lIg 

Supposing that Ts = 33 0 C and Pa = 25 "mmHg, then; 

Ps = 1.92(33) - 25.3 = 38.1 mmHg 

= (0.35)(1.8)(38.1) - 25) :: 8 kcal/hour 

This value is ll~ of the mrR. Also tlds "represents 

the evaporative heat loss associated with 340 mL/day, 
. 

since the latent heat of vaporization of water is 

about 

570 kcal/kg at 33 0 C 

Qd - 8.24 = 192 kcal/day 

192 -
570 

0.340 + 340 mL/day 

ii) Ileat Loss bl' Sweat Secreation 

Hhen activity levels rise above the basal 

s ta te, addi tiona1 heat is produced in the Lody. And 

the Lody needs to cast off norc heat then the body arises. 



22 

one of the automatic mechanisms for increasing heat' 

loss is the sweating response.. lOne can see that the 

maximum amounts are quite large - up to 5 or more 

liters each day. The evapo~ation process can be for

mulated in two methods. 

Firstly, in dry air; the evaporative heat loss 

in kilocalories per hour 1S, 

Q = 570 rno 
1'1 

rnoloJ' is thera te of l'la ter excretion by. the sweat glands 

in kilograns per hour. 

Secondly, in stagnant and moist: air, 

• I 

A..'1 is wetted surface area, Ps and Pd are water partial 

pressures corresponding to the surface and ambient.con

ditions, and Ke is an evaporation transf~r coefficient. 

Ke have been experimentally determined by Clifford and 

it can be found by these formulas: 

v > 0.58 m/sec + Ke = 12.7 v 0.634 

v < 0.51 m/sec + K = 9.66 V 0.25 e 
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iii) Heat Loss Associated with Respiration, 

l;hen air inspire<i, heat and water vapor 

are transferred to it by convection and evaporation in 

the deepest parts of the lungs ,. As the air moves out-

,v-ard through the respiratory tract SOLle heat is trans

ferrell outHard. IIeat loss can be described by the 

cl{uationj 

,,'here 11~ is the ki16~raI'ls of air breathed~ld out 

per hour (dry basis) Yo and Y1 are expired and inspired 

air lJa tcr contents (in kilograms of \\'a ter per kilogram 

of dry \,Tater), and A is thc latent heat of vaporization 

of \later at the expired air temperature (kilocalories 

per kilograT.l). 

The pulnonary ventila,tion rate Jil~ is prir.mrily a 

fUllction of netabolic rate and follO\'1s pretty well the 

relationship 

o 
r:l a = 0.006 1,1 

where II is the metabolic rate in kilocalories per hour • 
. 

l'le have seen above the production of heat and 

its dissipation froTtt the human body. He have started 

\'lith 100 units of food energy and have seen that all 
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proccisses, except for external work ~nd enthropy are 

converted into heat. And this heat dissipates from 

the human body. We can explain these processes 'vi th 

the. follmving formulates: 

Food = Entropy + Heat + External work 

IIf there is no external work 

Pood = Etropy + lIeat 

Entropy = 5% food 

Heat = 95!'o food 

Heat = Qr + Qc + Qd + Qe + QeL 

= I~rAres (T s-'T1') + KcA (Ts ... Tr ) c . 

24 
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CHAPTER 4 

DESIGN OF HEART R.I\TE HONITOR 

4.1. DESIGN CONSIDERATIONS 

A dieital beat-to-beat cardiotachoneter which 

calculates heart rate digitally in a sinple manner 

has been constructed. The Jevicc neeclsno calibration,: 

awl has an measurinr~ r<lnt;e fron 20 to 200 beats/min. 

lie \'lould like to feel t~lat a need coull! uc fulfilled 

Hi tIl this instrument 1';;lich had tile follOldng specifi-

cations: 

i) Jigital·clisplay of heart rate 

ii) Display upclated every beat to the value 

outained over the preceding period. 

iii) 'llinir.iUffi and maxiI:1Unl alarms in a digi t:1l 

nanner 

iv) Easily applied transducers 

v) No controls except mJ/OFF' swi tcll 

vi) Range of 20 to 200 beats/uin 
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vii) Accuracy of 556 

This part of the thesis describes the principles 

and circuitry of such an·instrumellt. 

4.2. THE PRINCIPLES OF CARDIOTACIIOHETER 

ECG signal is a 10\'1 . frequency sienal. Ueasuring 

the frequency of this low frequency signal directly is 
. 

a slo\'l precess, since enough signal cycles must be 

counted to give the needed resolution. The normal 

approach to the problem of calculating heart rate beat-

to-beat in a digital manner ""ould be to r.1easure the time 

bet\'lcen heart beats and then divide this number into 

1 to obtain the heart rate in beats per minute. This 
( 

method is very accurate but involves some complica~ed 

digi tal ·electronics. He have devised a method of cal

culating rate which gives needed accuracy but which is 

much sirapler to implement. And \'lith this method an 

alarm circuit can be'designed easily. lire \~antto dis

cuss the principles of some other important herirt rate 

measureraent techniques 'before the explanation. 

4.3. ALTEIlNATIVE IWART RATE HEASUREMEHT TECHNIQUES 

A variety of circuits have been described in the 
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literature which count and display heart rate. And 

we knmv' that digital display is used in a wide area, 

but first of all we want to describe a simple te~hni

que for instantaneously measuring frequency with an 

output that is linear to within two beats. 

4.3.1. The First Tecllnique 11 

In this nethod; there are two RC networks 

\vhich are alternately charged and discharged. We 

know that a capacitor is charged l'w'i th an exponential. 

fUnction 

T is the interval bet\veen pulses and k is the 

nc tine constant. This relationship is sholVn ill Figure' 

9 for one particular time constant k = 0.3. 

This figure shows us how the voltage changes \vi th 

tine interval. But we are interested in the relation

~hip between voltage and frequency. This relatiollship 

is shown in Figure 10 for the same time constant k=U.3. 

We could see that the relationship between'fre

quency and voltage are ~inear between 40 and 200 beats/ 

min. This linear charging curve can be best approxima

ted by a hyperbola in the first curve.' Nmv, we have 
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understood that, a capacitor c~n convert frequency in

to voltage in a narro\'! band. If we use two RC net\-lOrks 

which are alternat~ly charied and discharged, we could 

measure frequency with these capacitors alternately. 

NOlv, we see the circuit in Figure 11. Th~ ECG 

signal is amplified with a preamplifier and is conver

ted to a single pulse. This pulse drives the bistable. 

Each pulse changes the output Q and Q. Then, Cl, and 

C2 are alternately charged and discharged. Vl and 

V2 lvhich are the voltages of Cl and C2 give us the fre

quency value as the volt. Isolating amplifier prevents' 

the discharge of the capacitor, because it needs prac

tically no current. With this method we could measure 

heart rate easily, but measuring of the frequency li

nearly has some' hard\vare complications, because of this 

region, \\'e have chosen a digital display for read-'put. 

4.3.2. ,The Second'Technique 12 

Researchers at the Institute of Environ

mental Stress at the, University of California'at Santa 

Barbara expressed a need for an accurate heart rate 

Jilonitor which could monitor heart rate either beat-to-

beat or averaged ove~ various numbers of beats. This 

device consists of a digital "clock" which, instead of 

re:l~inf; t in ninutes, reads lIt. Thus " 'if one heart 
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beat is used to start clock and the next beat is ~seJ 

to display the clock reatiillg. This clock can be in-
l' 

traduced" t clock". This" 1. clock" Harks' in the 
t 

follmving manner: a 3-decade Jown counter ,dlich is 

initially set to 999 at t = 0 is count~d ·down. If 

the counter fre<iucncy changes with tine as follows, 

dn 
Lit 

\\'nerc n is the numher in the <1oHn counter shows us the 

rate. i'le could see this result, integrating the first 

equation from 0 to t. 

Then \Ye obtain; 

P- I = 
1 

t + -
R.o 

where R.o is the initial nU1Jher in the counter. But, 

we ",oulu. like to obtain the true value RT• 

] 

R.T' = t 

The earliest time this can be satisfied is the 

inverse of the largest Jlotuaber Ro that the counter can 

contain. Thus, \'le wish to reset the count to Ro at; 



t . = reset 

At the reset time 

R 
reset = 

1 

1 = .!.n. 
2 0 
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In this case, the counter resets to 999 when it 

first reaches 500 after this time, the number in the 

ucJl.m counter is ahvays 1. until the clock 
t 

nOH, ,,,e can examine the block diagram· of 

is stopped. 

1. clock in 
t 

Figure 12, and then, \'Ie could see hO\" to obtain 

'\ 

in " 1 clock". 
t 

dR - R2 
dt- - -

How He can see 

f 
foR 

= 1 1000 

that f1 is; 

Then·f 2 can be found that, 

for 

fo = 16.66 KHz 
f2 = 16.666 R2 

10 6 

- I 

i 
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. dR 
f2 is also equal - per minute. Conplete circuitdia

dt 
gram is in Figure 12.b. 

.~. 

In this circuit, CD4527 can be used as a rate 

multiplier, and we could choose CD4029 as a down counter. 

But these iritegrated circuits are no~ found easily. 

If the circuit is- designed lYith these components, it 

is not 10lY-cost and its alarm circuit needs complica

ted circuitry. 

4.3.3. The Third Technique 13 

As we have said before, -there are several 

acthods for measuring heart rate. The second method 

is raore siraple than the method which \ve have discusseJ 

above. In this method, four counters are required. 

The block diagram of circuit is shown in Figure 13. 

HO\v, \'Ie \'iill explain these counters.:; 

Counter A - r,leasures the period of the unknO\vn 

signal by counting the number of 

clock pulses. The number N \vhich 

is length of the measuring period 

performs B. 

Counter B - ,,,hich. is a progranable divide-by-H 

unit. 

Counter C - creates a burst lYith a fixeJ number 
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of pulses K. 

Finally, K/N pulses, which comes from counter. B 
. . ..... 

are accumulated by Counter D to display its ,frequency. 

Now, He. would like to discuss how.to design a 

heart rate monitor with this method. First of all we 

have to find F which is period-clock frequency. Heart 

rate is changed from 20 to 200. If we want to measure 

\vi th 2% accuracy at 200 beats per minute, the si,gnal 

period is 0.3 seconds. To measure the rate to 2%, 50 

clock pulses must be counted in this time, so the clock 

50 frequency must be '0:'"3 = 166.7 lIz. At 20 bpm, the sig-:-' 

nal period is 3 seconds. Counting ~lock pulses for this 

time results in 3 x 166.7 = 500 counts, so counters A 

and n are each 9 bits. The pulse burs~must give a 

quotient of 9 with 580 counts, so it must be 4500 counts 

long; therefore, K is 4300, aud couuter C thus reqpir~s 

13 bits. Counter D, the display register, must count 

up to the rtaximum of 200. 

Three nCD, decades will suffice in Figure 14, 

complete circuit diagram is shown. 

4.3.4. The Fourth Technique 

We would ~ike to give an6ther circuit 

design with the same principles. In this·design,.t\'lo 

D type flip-flops are used to produce a pulse of 15 
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rniliseconds \~ide synchronized \vi th clock a.nd input. 

He have 135kHz clock and 135 kHz gives us 2048 pulse,s 
, 

in 15 msec. 2048 pulses are used to give K pulies. 

If we use 33 lIz as a periou clock, our K/N pulses gives 

us heart rate in 20 to 200. pulses. Figure 14 shO\vs the 

block diagram of the instrument. 

4.3.5. The Fifth Technique 11t 

We would like to give a heart rate meter 

which measuies heart rate more accurate. One ~ain pur-

pose of this device is to provide a ru6re accurate neans 

of determining Hhen a pacenake should be replaced. 

This circuit performs the necessary arithnetic and con

trol functions for digital division and control the 

counter display logic. 

The division performed is 600. OOO/K, \vhere K is 

in miliseconds. The division algorithm is impler.lented 

b~ a counting technique that utilizes th~ interval 

signal K. The interval signal is gated,dth a 1KHz 

~lock to form a signal KFI. This is sent into a 12 

bi t binary counter (counter A) to obtain a nuub·er !-I, 

n is transferred to a ia tch and corllpared with the COll-

tents of a second counter, D. [ach tir.le the latch out-
) 

put equals the contents of the counter B , the digital 

. comparator outputs a pulse to the counter display unit. 



The block diagram is given in figure 15. 

HOl":, \/e l.'Oulc.l like to explain a ne\~ heart .rate 

oeter uesiJ;n. 

4.3.6. The Sixth Technique 15 

The Russian pulse-frequency measurers 

ueveloped an electronic digital pulse rate counter, 

the RVM-Ol. It enables. both instantaneous and mean 

heart and pulse rates· to be measured. And an alarm 

signal is given when the frequency moves outsiue the 

set limits. This device consists of four important 
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parts; "amplifer-selector", "period coue",': converter', 

"uigital counter" anu "autonation unit". 

The first part is "amplifer-selector". For the 

sake of simplicity, no aJilplifier is provided for the , ,. 
biopotentials, but ECG signals is taken from an elec

trocardioscop~ or electrocardiograph. To eliminate low 

frequency components, the ECG signal passes through a 
.. 

high pass frequency filter ClIFF). From the output of 

the auplifier CA) the signal enters the input of a low

pass frequency filter whichuainly determines the 

accuracy of the pulse interval. The pulse 'vhich comes 

. eLFf-) passes through ~he threshold device (ThD) anu 

blocking device (BD). These devices select the ECG 

signals anJ reject noise. Figure 16 shows us the 
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AQplifier-Selector. 

The output of the amplifier s.elector, square 

pulses \vhich ate cynchronizeu wi tIl QRS spike are ob

tained. These pulses enter the period-code converter. 
! • 

The period-code conveiter operates as a reverse pulse-

tine converter. The principle of period-code converter 

is based on the condenser charging. Input pulse of 

the period code converter comes to tile univibrator UV1. 

The uni vibra tor returns the clecade pulse counter (Cl, 

C2 and C3) to zero in the digital counter section. 

The trailing edge of this pulse puts the trigger (tr) 

into position "1". When this occurs,-the controlled 

saw tooth generator (CSTG) is charged \'lith Ic. 

I • t c 

C 
(1) 

Hhere t is the time elapsed. C is the capacity of the. 

capacitor of the CSTG. 

I c is directly proportional to the controlling 

potential. 

Kl is a constant. 

The potential UCSTG passes to the input of the 

comparator' (Cmlr). 1Jhen UCSTG is attained Uref , a 



"stop" pulse is sent to Tr and the system returns to 

the starting condition. New, we can se~ how we ob-

tained USTG ~ USTG is propor.tional lvi th Tx which is 

the tine interval measured. 
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The time T is found frou (1). In this equation, 

lv-hen UCC''''G equals U f t is T • 
.:> 1 ] re 

T = 

Uref • C 
= 

I 

In a time T, N pulses of frequency f ref fromra 

reference LC generator enter the)input of the digital 

counter: 

1 
r; 

Figures 16 and 17 show us the period-code converter" and, 

its operation. 
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4.4. IlIPLEHENTED DESIGN 

He have described dif:feren"t types of r.leJical and 

physiological investigations in heart rater.leasurement. 
. . 

But tl~se often have some expensive components or do 

not have the following specifications. It was felt that 

a need could be fulfilled with an instrument which had 

the follmving specifications and works \'lith basic elec-

tronic components. 

i) Circuit has to be designed with low cost 

compon~nts which could be"found easily. 

ii) The same circuit has to be used as a tem

perature neasuring instrument j.n additl.on 

llith minimum amounts of components. 

iii) Easily applied transducers. 

iv) Range of 20 to 200 beats/uin. 

,- v) No controls except ON/OFF switch. 

vi) Digital display of heart rate and tempera-

ture monitoring. 

This section of the thesis describes the princi-

pIes and circuitry of this instrument. 

lye have uevised a method of calculating rate 

which is equally accurate but which is much simpler to 

ir.lplenent. \Ie could see this instrument in four sub-
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sections; Qns to squared pulse~ converter, time to fre

quency converter, counter and isolated power supply~ 

First of all, we would like to explain how to 

measure heart rate ,vi th this instrunent .. 

4.4.1. The Basic Principle of Heart Rate t·lonitor 16 

The block diagram of this instrument is 

shmvIl in Figure 18. The QRS spikes are converted to 

square pulses by a analoque circuit. Then we want to 

measure the frequency of these pulses \vhich is the in

verse of the interval between these pulses. This 

r.1C<lSUreraent may be sUr.1r.1arized by 'the follmving equations. 

If ,,,e charge a capaci tor wi th fixed current, the 

capacitor voltage is: " 

v = K • T 

\lhen 've c:harge the capacitor C betlveen tlvO heart 

pulses, the capacitor voltage 'is; 

VI = K1 , T 1 

Kl is a constant lvhich depends on C 

Tl is the interval between two pul~es 



If we control the pulse length ~f a monosta~le with 

this voltage, pulse length is: 

v 
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K2 is a constant depending on the monostable capacitor 

Tl was input period. bO TI can be written as 
fl 

where fl is the heart rate 1n beats per minute, 

therefore: 

K2 K2 K2 K2fl -
T2 = = = = 

60 . 
V K T K K1 60 

1 1 1 
fl 

If this pulse of· length opens a gate and allows clock 

pulses through ~t a rate C hertz then clock pulses ad-

mitted to the counter 

Clock pulses = C • T2 

K2fl 
= C 

l 

CK 2 
If = 1 then pulses in counter fl anti these can be 

bOh 1 
, 
decoded and display directly. 



40 .. 

4.4.2. Circuit Descripti0E, 

-QRS to squared pulse converter. 

Firs~ of all, in order to obtain clean, 

artifact free ECG signals, conventional electrodes are 

attached to the sternum of the patient. As we have 

seen, Lead I configuration is the most useable lead. 

For this connection, electrodes are attached between 

the left arm and right arm. The l~st electrode is 

connected to the left leg for grounding. After these 

connections, we obtain a QRS spike at the inptit of out 

differential amplifier. HO\v \'Ie have to amplify this 

signal and also we have to eliminate all interference 

and noise. The, QRS spikes 'vhich come from the human 

body have some noise, this noise is of the same mag

nitude and the same shape in both leads. B~cause of 

tl1is, when a differential amplifier subtracts these 

two signals which,come from the right and left arm, 

the noise of the inputs cancel each other and the main 

signal QRS is obtained from the output of the differen

tial amplifiers. The electrodes which come from right 

and left arm are connected to the noninverting inputs 

of two operational amplifiers Al and A2 • ' The important 

factor of the design of this amplifier is the effect 

of the electrode contact on the patients' skin. 
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This junction impedance value effects the faith

ful reproduction of the ECG amplitude as follO\/s: 

BCG out of preamplifier = 

Input imp~dance of Preamplifier I 

Input impedance of Preamplifier+RElectrodel+RElectrodez: 

x ECG amplitude 

Consider the situation where the electrode is. attached 

to the patient with an electrolyte cream to enhance 

the contact (to .10\ver the junction iI:lpedance). The 

electrolyte impedance could easiiy be SOK-ohms. \'Ie 

choose (4 70K+ 470Kn) input impedance. This means: 

ECG out of Preamplifier = 

940 K n ---
(940 + 100)Kn 

x ECG amplitude 

This results in 90% of the actual patient ECG.being 

reproduced by the preamplifier. In this way we obtain 

ECG sign~ls to amplify the input of (A 3 ) differential 

aIl1plifier. 

I 
I 
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Frequency Response: 

The frequency response of the EeG anplifier is 

defined as the maxir.1Um fre'quency to lv'hich the instru

nent can respond and maintain the ca~ibrated anplitude" 

within 70.7% of the true signal. The American Heart 

Association specifies a minimum frequency response of 

0.05 Hz to 100 lIz. The frequency response is iIilportant 

to insure~hat accutate amplitude measurements will be 

obtained. But out device is not- an ECG amplifier, 
/ 

that means we do not want to see any shape changes of 

QRS, we only want to measure heart rate. Because of 

this reason, we could take a frequency band which shows 

only QRS spike. Our preamplifier has tl':O stages, first 

stages have low and high peak points of 2 Hz and 18 Hz 

respectively, and differential stage 1Hz and 34 Hz. 

At the output of differential stage A3 we obtain 

a QRS spike which has a-nagnitude of 2 to 3 volts. 

This signal is then passed to the stage incorporating 

A,+, which is an absolute value amplifier. Thus at the 

output of this stage only positive going signals 

ap.pear l'lhich are applied directly to the noninverting 

terminal of As. As is used asa conparator. The peak 

value of t:lC siI;llal is also transferreJ. to Co and the 

inverting terminal o£ the comparator. Assuming Tr is 
_ 3 

OFF capacitor _ is allm-;ed to discharge in an exponential 

manner dictated by RZI. Diode D,+ is' to replace the 
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voltage dropped by D3 • Thus the last peak voltage of 

the signal (decayed sone~lat) is stored on C8 and as 

the signal exceeds the stored value on the next QRS 

spike the comparator switches from Y- sat to y+ sat 

and back. The diode Ds is to prevent the compa:r:ator 

pulling the TTLmonostable input to below 0 volts. 

The purpose of Tr requires a little explanation. -The 
3 

decay of the voltage on C8 has to be sllch that {t does 

not allow the comparator to Sl'/i tch due to the T \'1<i\.ve of 

theECG or noise on the signal during the longest pe

riodic tiue, lYhich is 3 sec (20. beats/minr~-" HOl'lever, at 

sl'li tch ON, the transients in the amplifiers take the 

voltage on the capacitor to Ysat and, if the subject has 

a very low acplitude, the settling time of the instr~

ment could be unduly long. The ramp, however, reaches 

the bottom of its sweep after 3 sec, and so~ when ~11is 

llappens, Tr is ON and the 18 kn in the collector of 
3 

Tr brings the VOltage on C8 down much more rapidly. 
3 

In normal steady state use, therefore, the fast decay 

circuit is inoperative. 

How we have obtained a square pulse which is in 

synchronism with the Qns spike the complete circuit dia

gram of -this part is shown in Figure 19. Time to 

Frequency COllverters.· 

,As we have explained, the Qns to square ~ulse 

converter gives us a square pulse lvhich is synchronized 
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\Vi th the QRS spike. This pulse t-riggers the "dead 

time" monostalJle. The dead timemonostable provides a 

dead time of 300ms. This deao. time prevents the coun

ting signals which have repitiations larger .than 200 

Hz. On the rising edge of "dead time" monostablE;l, 

ho\Vever, triggers another monostaLl~ of about 140 nsec 

duration. Whilst the output from this monostable 1s 

in the high state it resets the decade counters, and 

when it falls the voltage controlled monostable aml 

minimum and maximum alarm monostables are triggered. 

Voltage controlled monostables gives us a pulse whose 

lengtll is inversely proportional to the voltage on pin 

11, or is proportional \Vi th the capacitor C lvhich is 

connected pin 10 and 11. Wllen the voltage cbntrolled 

monostable pulse falls, t~e ramp resetting monostable 

emits a 3 ms pulse. 

NOH, He \vill see hOlv' 

Hith heart rate. 

R2S , R 26 , R27 and Tr 

the voltage 

make up a 
It 

of V.C.M 

constant 

, .' 
change 

current 

source and this current source charges the capacitor 

CIa with constant current. If ramp resetting rn6nostable 

is triggered, Tr6 and Trsarefired. Ho\Vever, Trs ue

charges the capacitor CIO. And the voltage of point A 

rises to 10 volt. Aftez; this time, CIa charges linear 

fashion. As CIa charges in linear fashion, the voltage 

of point A drops from 10V to lQ\ver limits. This drop-
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ping continues between two pulses. The voltage of 

point A ,· .. hich depends on the charging of capactior ClO. 

VA can be written as follows':' 

VA = 10 - K T (volt) 

= 10 - I • T 
C 

VA passe!? through T~7 and Tra - Tr9 and R31 forms a 

constant current source. The puipose of A6 is to 

measure voltage drop due to the base emitter junctions 

to Tr and Tr and reapply it 'to the to.p of Jl 31 to cor-
7 a 

rect for the error which would othen-lise result. Now, 

we can look at the operation of this section. 

The purpose o~ A6 and the output of Tra which 

goes to voltage controlled monostable requires a little 

explanation. T r , T rand A6 make up a converter \vhich 
7 a 

cOllverts voltage to current. Input voltage of this 

system is VA and output current lout goes to the vol

tage controlled monostable. 

We could see the relationship between VA. and 

I O/ut with the following equations: 

VA = input voltage 

b.V 1 = The base emitter junction voltage of Tr 7 
b.V 2 = The base emitter junction voltage of Tr 

8 
I 
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The simplified block diagram of-it is given in Figure 

20. 

Using the principle of superposition output vol

tage Vo is: 

v + ~Vl + ~V2· + 10 = VA (-1) + • 2 
2 

However, the output current of Tr , lout. is found as 
8 

follo",s: 

Our monostal>le nul tivibrator is SN74121. This 

monos tab Ie ''lorks with tining res is tance l'lhose range is 

2kn to 40 kn t throughout these ranges pulse liidth is 

defined" by the relationship: 
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We do not use RT in VC~I, we use constant current source 

formed by T r a and It 31 instead of RT• . In the formula 

of Tp(out), RT can be replaced by IT as follows. 

The formula of tp(out) is used when exter:nal 

resistor and capacitor are connected as in Figure 21. 

Then, 

As \'Ie have seen, RT produces a current which is 
5V 

nT • 
Now, we could say; 

_ 5V 
R =-T· I 

t 
Pout 

T 

= 0.7 

IT is equal to the output current of Tra • lout. 

lout = 

t (out) = 
P 

= 

10 - VA (Volt) 

10 k n 

0.7 • 
5 • 

lO-VA 

10 kn 

3 
35.10 CT • 
IO-VA 

• CT 



In our curcuit CT was chosen as'0.005 ff. 

tp(out) = 
35.10 3 

_ 5 • 10- 9 

10 - VA 

As 'ole have seen 

t 
p(out) 

, t 
p(out) 

= 

= 

VA = 10 - K T 

6 
35.5 •.• 10-

K T 

I 
; 'Ie = 

C 

175. CI0 
• 10- 6 sec 

1st • T 

175 • Cl0(F) 1 

1st (A) T (SN) 
• II sec 
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This pulse (tp ) choppes with 1 l-U-Iz clock and the 
(but) 

output of them is sent to the counter~ 

counting number(beats/min) = tp (sec)of (Hz) 
(out) __ ._ clock 

or, 

= tp -_ (llsec) fclock (HHz) 
(out) 
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We have chosen the clock frequency 1 tDlz. Now, we c~n 

write; 

Heart rate = tp (psec) 
(out) 

t 
p(out) 

175 • Clo(F) 60 = 1 8 

t 
p(out) 

= K • 

T 
(sec) 

60 

T(sec) 

p sec 

goes directly to the seven segment di~plays. And the 

counting number is visualized in d-isplays. This de

vice has three ,7 segment displays. The complete cir

cuit diagram of the counter is shown in Figure 22. 



50 

CHAPTER 5 

DESIGH OF TIIERHmtETER 

5.1. DESIGN CONSIDERATIONS 

A digital clinical thermometer \.nlich measures 

body temperature digitally has been constructed. The 

device has an operating range:between 30 to 45 0 C. In the 

design of this therQometer, economy was the most im

portant factor. Because of this reason our design had 

to use as few as possible number of components. Now, 

we would like to discuss sone thermometer scale,s. 

5. 2 • THEIUfOHETEP. SCALES 

,There are four thermometer scales. The first, 

the centigrade scale, 'divides standard interval between 

freezing point of water and boiling point of it into 

100 equal parts taIled centigrade degrees. Second, 

the Fahrenheit scale, divides the standard interval in 
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180 equal parts called the Fahrenheit degrees. Kelvin 

divides the standard interval in iaa equal parts called 

I~elvin degrees and R~mlde div~ides the standard inter

val.in 180 equal parts called Rankie. Freezing point 

of water is OOC, 273 0 K, 32°F and 49ZoR. 

These scales may be converted to ~entigrade as 

follo\;1s: 

c = K - 273, 16° 

C = ~ eR - 491.69) 

Body temperature is usually measured l'lith the centi-

grade scale. Because of tllis reason we used the cdnti-

grade scale. 

Temperature can be measured only by indirect 

methods. lJe generally transfer heat to an instrument 

designed to respond the energy so transferred. 

Tenperature can be measured with these instru-

r.lents: 

i) Wercury-in-glass thermometer 

ii) Alcohol-in-glass thermometer 

iii) Constant volune gas thermometer 

iv) 13ir.1ctalic thermor.leter 
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v) Thermocouple 

vi) Resistance thermometer 

vii) Optical pyromete~. 

viii) Total radiation pyrometer 

ix) Speed of sound 

x) Thermodynamic 

In general medicine, mercury-in-glass and alcohol-

in-glass thermometers are usually used. In addition, 

thermocouple and thermistors are used in electronic 

thermometer. 

5. 3. nTC TYPE TIlER! n STaRS 

In this device, NTC type thermistor is used. 

Now, we may see, hm." to us e a NTC and 'vh,a t is its .-:; .. 

sp-ecial property. HTC thermistors are resistors with 

a high llegative temperature.coefficient of resistance. 

They are prepared from oxides of the iron group of 

transi tion eleri1ents, e. g., Cr, Hn, Fe, Co, or Ni. 

These oxides have a high resistivity in the pure state, 

but can be transformed into semiconductors by adding 

suall amounts of foreign ions 'vhich have different va-

lency. It can be explained with an example. Iron . 
oxide Fe203where 2 small parts of the Fe+ 3 ions are 

replaceJ by Ti 4 + ions. These Ti +4 ions are compen-
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sated by an equal amount of Fe 2 + ions in order to r.lain-

tain electroneutralitj. At low temperatures the 

e~~tra electrons of the Fe+ 2 j,.ons are situated on Fe 

ions next to the Ti+ 4 ions bu.t at higher temperatures 

they are gradually loosened from these sites and con-

tribute to the conductivity. In this ~ase we obtain 

an electron or n-type seniconductor. 

We know that the conductivity a of the materials 

can be generally described by, 

a = ne II 

\\There e represents the unit of electric charge and n 

and ~ the concentration and the Llobility of the charge 

carriers respectively. Both n and ~ depend 'on tempera

ture. For n, this dependence is an exponential one, 

according to a Boltzman law • 

or 

. -ql/kT 
n - e 

n = K e- q1 / kT 

where ql is related to the electrostatic binding energy 

of the carriers to the foreign ions. 

We can write the temperature dependence of II as 

fOllows: 



\vhere q2 is therr.1al activation energy for each group 

to neighbor side. 

The total temperature dependence of conductivity 

is generally proportional to: 

a 

So that, the resistance variation of the thermistor 

can he represented by the simple formula: 

R = A e
lllT 

5.4. DESIGN HIPLEMEHTATION 
I ,-

How, we would like to explain how we designed 

the thermoneter part of our "instrument. We have mea

sured heart rate with the J!1onostable l 74121 lvhich gives 

us a pulse whose width is proportional to heart rate. 

If we want to measure the temperature by adding ~inimal 

ar.lOunt of components, \ve have to use the sane princi-

pIe. Thus," if we us e the saT.1e principle \ve obtain a 

pulse whose width is prqportional with temperature. 

We have had a counter l'lhich COUIlts the pulse length of 
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heart rate. If we use the same principle that means, 

if we obtain a pulse whose length is proportional to 

the temperature, we can measure the length of this 

pulse using the same counter. That means, we have'to 

use monostable 74121. 

lie have knm'ln that this monos table gives us a 

pulse whose width changes with external resistance and 

capacitance. If we use thermistor instead of external 

R resistance, the output pulse o~ monostable changes 

with tenperature. There are two important pioblens to 

neasure the temperature using the monostable 74121. 

The first one, the output pulse 74121 'c1uinges 'Hi th am

bient temperature and supply voltage. The second pro

blem is the reverse relation between the output pulse 

of 74121 and the thermistor temperature. It means 

tho t, if the teil~era ture .of thermistor increases, the 

output pulse of 74121 decreases. If the temperature 

of the "thermistor decreases the 6utputpulseo~ 74121 

increases. These two problems can be solved by adding 

a monostable which ~iv~s us a fixed pulse. If we sub

tract the first pulse frof.t the fixed pulse, we obtain 

"a pulse whose length is proportional to the temperature. 

And He can see that if the pulse \'1idth of 74121 changes 

with supply voltage and ambient temperature two 1110110-

stables are also influehced from voltage and ambient 

temperature. Voltage effects of monostables cancel each 



other, if supply voltage of monostab1es changes, and 

also if ambient tmeperature ch~nges, this effect is 

canc1ed by two monostab1es. Now we can see how we 

measure temperature. The circuit diagram is shown 

in Figure 23. 

We have seen, the circuit consists of two 74121 

anJ one 7408. (Quad-2-input AND gate) 

If "'e say that the pulse width of monostab1es 

outputs are tie The output pulse of the second mono

stable is tl which depends on thermistor temperature. 

The output pulse of the second rnonostab1e is t2 which 

is fixed.t z is bigger than tl and if we subtract tl 

from t z , we obtain T l:hose length gives us therlais tor 

temperature in llsec. 

Our thermistor can be formulated by using its 

temperature dependence which is shown in Figure 24. 

44-32 
6-4 

And we can write R, 

= 

1 

44 - T 
R - 4 

n . ='- (68 - T) kn 
~therm . 6 
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How, we have to obtain a pulse \;Those length is 

equal to thermistor tenperature. Our temperature-to-

pulse length converter, can be adjusted with R anu C. 

There are tlVO pulse \ddch are t2 and t 1 • t2 is a con-

stant pulse and it is bigger than tl • tl is propor

tional to TOC. He can Hrite these dependence, 

, '\ 

T2 = 0.7 RC = a ~sec 

T = O. 7 CR } + R1 ) C. 1 1 tlerm 

l' = O. 7 RC - O. 7 cn . . + R1 ) C 1 tllerm 

l' = a - O. 7 Rtl C 1 - O. 7 RIC 1 lern L , ..,. 
b 

l' = a - b - 0.7 Rtherm C1 

l' Must be 320 ~sec at 32°C and 440 ~s~c at 44°C. If 
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''Ie have knmm that R32 = 6kn and Rit It = 4kn" 

120 ~sec = 0.7 • 2000 • C 1 

120.10- 6 

1400 
= 0.085 ~F 

\ 

Now, we can calculate tl and t2 Rl = 6.8 k n 

tl = 0.7 (R ,+ R1 ) C1 therm . 

t32 = 0.7 (6.8 + 6) 0.085 • 10- 3 

= 76.10- 5 = 760 II sec 

·t lt It = 0.71 (6.8 + 4) 0 .• 085 • 10- 3 

= 640 llsec 
I ,. 

at 32°C, T must be 320 ~sec. 

320 = t2 - 76D + t2 = 1080 ~sec 

at 44°C, T Dust be 440,~sec. 

440 = t2 - 640 + t2 = 1080 ~sec. 

:~~';""_O""" .'~ __ ,_" "." • ____ , __ ,,0 ..... " 
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We can adjust t2 as 1080 sec with Rand C. 

5.5. ACCURACY OF THERHPMETEI~<, 

The ,accuracy of the pulse'width depends on the 

follmving reasons in a digital thermometer •. 

i) Accuracy of thermistor resistance 

ii) Accuracy of tirlling capacitance' 

iii) Linearity of thermistor characteristics 

iv) Voltage dependence of 74121 

v) Linearity of 74121 

vi) Ar.lhient temperature dependence of 74121 

vii) Power to dissipiated factor of thermist6r. 

Our pulse ~idth relation was, 

We can say that the conditions eiv) and (vi) 

l'ihich change pulse width changes 

If ''Ie write puls,e \·lidth relation, 
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,~, 

~tl and At2 are approximately equal because of, 

two monostables have the same conditions. 

lie have seen that conditions (iv) and (vi) are 

not important for us. 

He have worked in a narrow band for thermistor 

and monristable, so we can think that rnonostable and 

thermistor work linearly in this band. This implies 

that conditions (iii) and (v) can be solved. Problems 

(i) and (ii) can be solved by using the best quality 

components. Now'there is an interesting problem. This 

is the power dissipation of thermistor. In our cir

cuit, current passes through the thermistor for less than 

I 1.1 sec in every 2 s,ec. Now He can say that if we use 

ceramic capacitance and an accurate, thermistor, our cir

cuit works linearly and it ~orks accurately. 
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CHAPTER 6 

-
ALARM CIRCUITS 

We have four alar~s. These" are low and fiigh 

heart rate alarms and low and high temperature alarms. 

These four alarms lvere constructed wi til the same prin-

cip1e as l'le mentioned in Chapter 5 t Section 4. We 

r.leasure heart rate and temperature with pulse width. 

Also alarms ~an be set with pulse width. This is a 
\ 

very easy process. For this process, we use four 74121, 

two of them for the heart rate alarms and the others 

for the temperature alarms. 

6.1. - HEART RATE ALARANS 

He have knOlm that we had measured heart rate 

beat-to-beat and at the end of interval V.C.I-J gives us 

a pulse lvhose lvidth· equals heart rate· in microseconds. 

If He use tHO monostab1e:; and trigger them with short 

monostabie (which triggers V.C.N) we obtain tHO pulses as 

the output of them. These two pulses can be adjusted 
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by resistance CR) which is connected to pin 11 of 74121. 

And these pulses can be compared to the V.C.N. pulse. 

This comparison can be nade by_ AND and OR gates.-

6.1.1. Low Alarm 

74121 has both positive and negative 

going output pulses. For low alarm, we multiply the 

negative going output of VCti and the positive going 

output of low alarm monostable. We~djust low-alarm 

monostable to give a pulse whose length is lDlv alarm 

value in psec. This adjtistment can be seen from dis

plays. Thus, our counter can count and displays digi

tally every pulse lvhich cor.leS from 74121. Figure 25 

shows us the pulse shape and how we obtain:alarm pulse. 

If the output pulse of VOl is shorter than the output 

of IDlI' alarm mqnostable, the output of AND gate gives 

us a pulse'. 

6.1.2. nigh Alarm 

For high alarm, we multiply the positive 

going output of VCH and the negative going output of 

high alarm mOllostable. IIigh alarm monostable gives us 

a pulse \-"hose width is high alarm value in psec. 

This pulse lvidth can also be seen from displays. 
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If the output pulse of vel·1 is longer than the output 

of high alarm monostable, the output of AND gate gives 
I 

us a pulse. 

Alarm pulses which come from 10\'/ or high alarm 

circuits are set to the OR gate. The output of OR 

"gate triggers a monostable (Halaru) \'lhose pulse \\1iJth 

is fixed. This fixed pulses could start the alarm as 

soon as heart rate goes out of set limits. But this 

is not a good procedure, because sometimes in normal 

conditions, heart nay go out of these linits, this 

abnormality continues tHO or three pulses then the 

heart returns to the heal thy state. This ir.lplies that 

\'le. have to use a delay circuit. This circuit must 

work as fol16ws: 

i) G or more back to back alarm pulses have 

to start alarm 

ii) 2 or 3 back to ~ack alarm.pulses do not 

have to start alarm 

iii) SOTJe ahnorraali tics which are shorter than 

6 beats must fire alarm, if these abnor-

mali ties occur frequently. 

These conditions are obtained easily with the 

alarm delay circuit Hhich is explained as £ollo\\1s. 
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6.1.3. Alarm Delay Circuit 

Alarm delay cir~cui t is shOlvn in Figure 

25. As He have seen, delay circui~ consists of a cur

rent source and a capacitance (C
1
). Every alarm. pulse 

charges C1 and Rl decharges C1 • If 6 or more alarm 

beats are carling, C1 cll.arges and the voltage of C1 

decreascs under 4 volts. The voltage comparator is , 
fired \vhen the voltage of C1 is lower than 5 volts. 

And the alarm starts. If heart works abnormally. there 

will be alarm signals \vhich will not come sequentially· 

These signals will also fire the alarm. Thus, the ca

pacity discharges slowly and charges quickly. 

6.2. TEnpEnATUI~E ALAmI 

The prihciple of the tenperature alarm circuit 

has the sar.lC principle of heart rate alarm circuit. 
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CHAPTER 7, 

P0l1ER SUPPLY 

7.1. SAFETY 

. 
In the medical instrumentation field, we have 

recognized the need'for inprovecl safety standards for 

r:wJical CqUipr.lCIlt of all type's. He have to establish 

'quick lines of safety to protect both the patients anJ 

personnel. 13ecause, current higilerthan the safety 

level can cause irameJiate Jeath. Nmv, 'vewill look 

ho1'.' ,much .current nakes one feel uncomfortable, \vha t 

causes death, etc. 

The threshold of perception of shock varies 

widely from person to person, it is about 1 railianpere. 

At this level, a faint tingling sensation is felt. At 

current levels of arounJ 5 milianperes, maIlY sensory 

nerves are stinulated and the sensation becomes pain-
. 

ful, usually to the point that the subj ect jumps mvay 

from the source of stir,lUlation. At current levels, 
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higher than 5 miliamperes, notor nerves are stimulateu 

. antlthe associated muscles contract. At. the so calleu 

"let .go" current level, (app~?ximately 10 to 20 mili

amperes) a person can just manage to release his grip 

on conductors supplying current. From 20 miliamperes 

to approxinately 100 miliamperes, the subject has no 

ability t6 control his own muscle actions and he is 

unable to release his grip on the electrical conductor. 

The electrical current stinulation becomes increasingly 

painful anu physical injUry may result by the powerful 

contraction of the sk~letal muscles. Despite pain and 

fatigue, the heart and respiratory functions usually 

continue since the current spreads uniformly through 

the trunk of the bouy and tends to bypass the' heart as 

it makes up a relatively small part of the cross---
. 
sectional area of the hunan trunk. At about 100 mili-

amperes, more li'fe-threatening physiological phenomena 

can occur, anu ventricular fibraillation starts. Con-

. tinuous high current levels of 6 Amperes or high den

sity of 6~Anperes are very dangerous. This level may 

cause burns and also ·death. 

From nany investigations conuucteu over the years 

5 milianperes has become accepted as the maximum cur

rent that· should be allowed to pass through a human 

from external contact •. 

All figures which are given above, are taken in 

._0.,·· __ '_· _ ','., " 
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normal conditions; but, if we measure heart rate, the 

electrodes are located with the paste which reduces 

the instrument's electrodes-to~patient skin resistance, 

and because of the /location, all current passes through 

the heart. In these conditions, ,ventricular fibrilla

tion could be produced by currents as small as 20 micro-

amperes. Because of this reason we have to take 

10 microar:lperes as the upper lir.li ts. 

Now, we have known that we have to prevent the 

passage of the current through the body. He have 

two ways to achieve safety. 

1. Grounding 

2. Isolation 

1. All (circuits) in the equipn~nt must be 

? ... 

gr,ounded, also He should use a good second 

ground for safety. If the first grounding 

is broken, second wire grounds leakage cur-

rents. 

Isolation can be made by an isolation trans

former. 

Isolation 

In our circuit, patient and instrument power 

supply are isolated. This isolation is made by DC-to-DC 

- " 
........ _ ~ ... _ ._, ',_.-c ... - ............. ,, __ .. 0*:"_ .... _.-";"" '~-. I.'-'-_.·_'-'--'.~·· __ ""'·~~·_'"'''' ..... -_ -.:. ~ ...... _·. __ ... ",:"""'C .. ~ 
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converter operating at high frequency. 

The push-pull dc-dc converter is actually a free 

running oscillator that produces an unregulated square 

\\'ave output. . The dc input is chopped into c;:omplementary 

square waves, passed through a transformei, then·rec-

t ified and filtered. Preamplifier which amplifies ECG .sig

~als is fed by thedc-to-dc converter (or isolated pOl .... er 

supply). 

7.2. ISOLATED POWER SUPPLY 

In our circuit, 15 volts which comes from the 

transforr.1er is rectified anu is chopped. Chopper 

circuit consits of two ICs (7404 an~ 7476). We ob

tained 25kIIz from 7404 amI this 25 kHz drives the clock 

of 7476. The output of 7476 gives us a square wav~~ 

The reason of using 7476 is to obtain an exact square 

wave. If we can not obtain exact square wave, one of 

the tr.ansistors \\'hich chops 15 volt gets hotter than 

the other because it conducts r.1ore than the other. 

Square wave which coues from 7476 drives BC237 and the 

output of BC237 drives BD139 whicllchoppes 15 vol.ts~. 

That means, the transistor BD139 is driven on and off 

through its base tenlina-l by a pulse train whose duty 

'cycle is one\ 7476 has two outputs, one of them is 

inverse of the other. Because of this reason, when one 
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of the llD139 is ON, the other is OFF, and we oLtain a 

square wave. This square \vave passes through a 1:rans

former, then rectified and filtered. Complete circuit 

diagram is shown in Figure 26. In this circuit,· the 

most important problem is finuing N. N'call be found 

by, 

N = u 
4.44.f.4> 

f = 25.000 IIz 

cf> = B.S; S = 1.7 cm 2 

N = 15 

4.44x25.l0 3 X L7xlO- 1t • 2000 X 10-1t 

= 15 • 100 = 7.85 turns 
4.44xZ5xl.7·Z 

( 
He carr take 8 turns. 

At t'lle output of the transformer, we \Vant to obtain 

'+ 15 volt. The output '\Vindings are' calculated .to 

give '+ 18 volts. Then this output is rectified and 

regulated to obtain '+ 15 volt. We have to use a fil

ter at the output of the supply. This filter is a 
. 

siuple one Hhich consists of 1001lF and 390 • 
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CHAPTER 8 

CLINICAL SIGIHFICANCE 

8.1. IIEART RATE 

In counting heart rate, there are tlvO measuring 

systems. One way is "to feel pulse and the other is 

the rCG. The first way may cause tis to make a~mistake 

Because, all of the heart beats may not be conducted 

to the pulse. 

Th~ normal values of the heart rate are: 

in adults 

in children 

60 - 90 beats/min 

80 - 110 beats/min 

in new born - 100 - 120 beats/min 

Heart beats are controlled by the autonom nerve 

system, and the other sy~teus that affect this are; 

the peripheric vascular resistance, adrenargic activity 

and the local metabolic factors. 
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Cardiac output depends on two factors; one is 

the heart rate, the other is the beat volume. In acute 

changing, the heart rate; in~'chronics the heart volume 

is inportant and effective to r.lake the cardiac output 

constant. 

This compensation r.lechanism is for a normal per

son. In p~rsons \~hose heart rate is pathologic it 

<liffers. 

These abnonJa;l cardiac rhythms can be summarized 

as follo\'1s: 

Regular Sinus Rhythn 

This is the norua1 rhythM of the heart. The 

average rate is 60-100 beats/min. 

Sinus Tachycardia 

A regular sinus rhythil' with a rate in excess of 

100. Sinus tachycardia does not usually exceed 160 

beats/min in the adult. 

Sinus Bradycardia 

A regular sinus rhythm, a rate under 60 beats/ 

Min • 
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Sinus Arryhtmia 

The impulse arises IlorJIl.ally in the SA node. The 

arrhytrnia is manifested by alternating periods of 

slower and more rapid heart rates. The variations 

are usually related to respiration, the rate increasing 

with inspiration and decreasing with expiration. This 

condition is more common in children than auults 

and frequently associated with sinus bradycardia. 

Sinu~ Arrestcardiac Standstill 

This denotes apause in the cardiac rhythm due 

to a momentary failure of the sinus node to initiate 

an inulse. T]1is results in a prolonge4 diast~lic 

pause between two complexes. Usually only a single 

beat is dropped at a timc. 

8.2i. TE;lPERATUnE 

The factor lvhich causes an elevation temperature. 

is Endotoxin which causes to release fever producing 

substances into the circulation from the Leul~ocytes. 

These substances which have been called endogenous 

pyrogens arc prcsumabclr. factors which act 011 the 

thcrTi1oregulartory centers to producefevcr. 

The endotoxins llhich arc pyrogenic are some 
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bacteria and a few viruses. 

In general, it is sa~e to regard an oral tegpera

ture above 37.20C"in a person at bed rest as an indi

cation of disease. Tl1etemperature may be as low as 

33. SoC in heal thy persons. Rectal ter.lperature is usual

ly 1° - 0.50F higher than oral, temperature. 

Deviations of 5°F (approx. 3.SoC) fron the normal 

body tenperature do not interfere appreciably \vi til 

most bodily functions. Convulsions are common ~t tem

peratures higher than 4l.l oC anu irreversible brain 
( 

damage, presuJ:lably due to protein denaturation is com-

mon when temperatures of 42.20C are reacheu. Fortuna

tely Hhen hyperthermia reaches dangerous levels, the 

nechanisrls for heat loss are suduenly act iva ted; con

sequently oral temperatures above (4l.l0C) are rare 

in Mall. Conversely, ",hen temperatures are lm-lereu to 

3Z.80C loss of consciousness ,occurs, and between 83 

and 84°F (3Z.80C) slO\-I atrial fibrillation supervenes. 

The systemic synptorns.accompanying ueviations 

in temperature are poorly understood. For exagple, at 

temperatures of lOZoF (39°) nany patients have rtalaise, 

drowsiness, Heakness and generalized aches and pains. 

Ilany other, hOHever, teel entirely \'lell. Heat pyrexia 

is wost conmon in inJiviuuals with pre-existing cronic 

disease. These patients usually stop sweating accor~ing 

to an intrinsic breakdown of the heat regulatory Iaecha-
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nisIil for reasons not knO\\'n.In these internal Louy 

temperatures as high as 44.4 oC 'have been reached. 
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llypothermia is far less'" COr.lmon than is elevation 

in tenperature, but is of considerabl~ importance be

cause it represents a medical emergency which lends 

itself to treatment. The diagnosis of hypothermia 

has proved elusive largely because clinical thermo

meters do not record temperatures below 3SoC but our 

device can give us a chance to record below 3SoC. 

Patients with tenperatures less than 26.7 0 C are 

usually unconscious. One young patient was saved even 

after her temperature dropped to 20.6 0 C. 

In many illnesses fever is the most proMinent, 

and often the only manifestation of disease. There 

are four types of fever. 

i) An intermittent fever is one in which 

the temperature 'falls to normal each day. / 

ii) In remittent fever, the temperature falls 

each day, but does not return to normal. 

iii) A sustained fever is characterized by per

sistentelevationwithout significant daily 

variation. 

iv) A relapsing jever is one in which short 

ferrile periods occur between one or several 

days of normal temperature. 



As indicated above, s~all variations of fever 

is not so important, but tIle daily changes and its 

persistency are important. 
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.. 
CHAPTER . 9 

CLINICAL TESTING 

9.1 TEST ING TIlE BEART RATE l·IOlHTOR 

For testing. the heart rate monitor, the pulses 

obtained from· ECG simulator were applied instead of 

human heart beats •. This iristrunent has all· operating 

range of 40 to 200 beats/min with an accuracy of ~ 5%. 

The curve of error shows linear character between 40 

beats/min and 200 beats/min. At 40 beats/min, the 

error is - 5% and at 200 beats/min, it is + 5%. 

9.2. TESTIHG CLIHICAL TIlERl-IOMETER 

For testing the clinical thcrInoJilcter, we have 

neasured oral teaperature, but this measurement did not 

give us an exact value. Different parts of the IilOuth 

gave us different valucs. If we test our instrument 

\\'i th different cups that are filled with \va ter which 



, 
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llave.diffcrent temperatures, test -results can be ob

tained easily. This result gave us +" 2~ error: This 

error depends on using 0.075 l.fF instead of 0.085 lIF 

in thermometer design. (Figure 23) 

\ 
/ 
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CHAPTER 10 

10.1. FURTlIER HIPROVEItENTS 

r An instrument, of this type can not be perfected 

at the first prototype. Additional improvements are 

desired in the future developmental prototypes. 

The most inportant of "these are: 

1. Isolation circuit power output increase 

2. Temperature neasurenent circuit accuracy 

inprovement. 

In this device, isplation transformer is used 

only for amplifier section. But, isolation circuit 

has to be designed for all circuit isolation. "If there 

are sone·changes in the" isolation circuit (for example, 

if 2N3055 is used instead of BD139) it can beed all 

circuits easily. 

Secondly, .for temperature measurement, we have 

used two separate 74121 to obtain temperature-to-pulse 

" 
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Hielth conversion. 

If 74123 is useel insteael of tHO 74121 teQpera-

ture measurement Hou1el be much more accurate. Due to 

unavailability of 74123 in the market, He cou1el not 

use this approach. 

10.2. COST DETErJUNATIOH 

System useel for Cost Determination 

The bas1c pTocedures for eletermining manufac-~-' 
-'" J:t' '" turing costs are tl.l"ep same and are classifieel as; 

a. Job oreler cost accounting 

b. Process cost accounting 

Our proceelure for determination of cost is Job 

oreler cost accounting. Hith Job oreler costing, 'costs 

are accumu1ateel on the basis of' specific jobs, batches 

or customer orelers anel generally used by custom manu

facturers. Additionally, the units proeluced in 'one ba tcll 

may eliffer with respect to styles, qualities, finis]l 

anel other characteristics from the units proeluced ill 

another batch. 

Cost determination may be on a; 
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a. Historical basis, or, 

b. Predetermined basis 

Our cost determination is not a historical basis, 

because costs are accumulated as they occur and used 

as being the actual data for the cost accouting system. 

Our cost determination i~ on a predetermineJ basis. 

That neans, costs are predetermined in advance of pro

duction. Variation fron the predetermined costs are 

f accumulated in separate accounts so that the management 
, 

will be able to nake plans and adjustrnentsin operations. 

If there is cost of rework on units, it is treated 

as spoilage: 

Ignore spoilage: can be used only if deter

mination is made at the end of production 

Otherwise, compute spoilage separately. 

We ignore spoilace. 

If ''Ie want to produce 100 units of Heart Rate 1,Ieter 

and Clinical thermometer in one year. 

The possible expenses would be in 

1. Circuit component and parts 

2. Auxiliary mate~ial 

3. Labor costs 



4. Deprcciatiofi 

5. llanufacturing Ovcrh9.ad 

6. Service Costs' 

CIRCUIT COMPONENTS 

guantity DescriEtion Price 

13 SH74121 390.00 
9 SN72741 315.00 
4 SN7490 160.00 
3 SH 7447 210.00 
2 SN7400 30.00 
2 S1)7404 3Q.00 
1 SN7408 15.00 
1 SN7432 25.00 
1 SN7476 30.00 

12 Various Transis-
tors 90.00 

7 BD135 
\ 

140.00 
1 2H3055 40.00 
1 1m·1Hz Crystal 390.00 
5 Various 

.Capacitors 250.00 
7 Various 

Potentiopwters 100.00 
2 Transformer 220.00 
9 Socket 270.00 
1 COT;1utator 100.00 
1 32-way conriector 100.00 
3 6 -,yay connector 75.00 
1 TheTIilistor 100.00 

3080.00 TL 

The price of 100 units = 3080 x 100 

AUXILARY HATERIAL 

LABOR COSTS -
. 

3 :x 10,000 x 12 
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308,000.00 TL 

100,000.00 

360,000.00 TL 
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DEPRECIATIOH 

The price of equipment 

The price of equipment 
after 10 years 

= 
100,000 

10 years 

f,IANUFACTURING OVElmEAD 

Insurance 

Repairs and 
lYaintanence 

Rent 

Factory expenses 

SERVICE COSTS 

The price of. one unit = 

15 a • 0 0 0 • 00· 

50,000.00 

100,000.00 

6,000.00 

24,000.00 

60,000.00 

10,000.00 

TOTAL 

TOTAL 
100 
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10,000.00 TL 

100,000.00 

60,000.00 

938,000.00 TL . 

9,380.00 TI. 
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10.3. DISCUSSION AND COHCLUSIOH 

In. thi.s stl;ldy, a heart~ra te r.1oni tor ancl cl ihical 

thernometer has been designed. These instruments are 

generally used in hospitals, and each patient needs 

such an instrument. Because of this reason, it had to 

be cheap. This condition is satisfied. We can not 

obtain r.lOre sensitive instrument because of using low 

cost components and simplicity. ,But, this sensitivity 
) 

is enough for us, thus we will use this instrument as 

a bedside unit. This instrument is created with a 

m6nostable 74121. 74121 is used in the heart rate 

nonitor and in the clinical thernometer as a main com-

ponent. Data books say that 74121 works linearly in a 

fixed regioll, but we saw that it does not exactly work 

linearly in these regions. This pecularity brings non-

linearity. But He no. not exceed the accuracy region 

lvhich is given in the Abstract. 



APPElmIX A 

OPEItATING EJSTRUCTIOHS 

A. The' heart rate TllOni tor and clinical thermometer 

can be operated in the following modes: 

i) Heart-rate nonitor 

ii) Therllloneter, 

B. The front panel controls are: 

1. mUOFf S,,,i tch 

2. Function COnT:1U ta tor 

i) Heart rate 

ii) lIeart rate mininum alarTl1 set 

iii) Heart rate naxiJ;1Um alarril set 

iv) TeJ11perature 

v) Teuperature nininum alanl set 

vi) Tenpcrature J:1aXinUrll alarm set 

3. Control potentiometers: These adjust 

10lver and upper 1 ir.Ii ts of the heart - ra te 

and tcnperature safe ranges. There is 
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Olle potentioueter for each of the follOl'iing 



1inits. 

i) lIeart rate minir.1Um 

ii) Iieart rateT,laxi!;1Uffi 

iii) Temperature minimum 

vi) Temperature naXiI:lUm 

c. Inputs 

i) Heart-rate probe 

ii) Teuperature probe 

D. The output indicators arc: 

1. Display 

2. A1arn indicators 

i) Heart rate 

ii) Tewperature 
( 
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E. Power connection: An 220V cable extends from the 

rear of the instrum~nt. 

CAUTIOl~: The instruraent can only: be supp1ieu by 

220V. 
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display 

control,:~ 
po te ntlometfJ. 

on-off 
sWitch 

c . 
1'-' 1- I'~ 1 bootslrrln 

CJ9N 

........,,~~ 

functIOn comm. 

alarm Indicators 

Inputs - ~ 

DiagraM shmving Front Panel of the Ins trumcnt. 

lemp: . 
... o 

I reSfJt 
·O-·-·O-t- switches 
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LINEAR INTEGRATED 
CIRCUITS 

CIRCUIT TYPES SN52741. SN72741 
HIGH-PERFORMANCE OPERATIO,.Al AMPLIFIERS 

" Sh'.!~! !::rcuit Protection • 
• Offset·Voltage Null Clpability • 
• Larve Common·Mode and • 

Differential Voltage Ranges • 

acription _ 

Tho SNS2741 .nd SN7274t a,. high·performance 
OPf!r.tion.' amplifie,., '''turing off,rt-yoltage null 
capahilitV. 

The high common·mode input voltage flngf and the 
Ibsence of fatch·up make thf' Implif1tr ideal for volt: 

.,'ollower appIiCltio"" The dpvicP' are ,hOft cir· 
cuit protected .n·1 the internal frequency com~nsa, 
tion ensures 'tlbility without ,.Iernal coml"MJne~ts. A 
low·vllue potentiometer may be connf'C'tf'd lwtween 
tho ofh.t null inpu" to null out tho offset volt.go II 
shown in Figura 11. 

Tho SNS2741 Ii chlrlctorl,ed for operltion ovor tho 
lull militlry ~mperliu" rlngo 01 -5S"C to t2S"C; 
the SN72741 is chlrtcttrlzed for operation from O·C 
to 70·C. 

minal lSSignments 

J OR N OUAl·IN·lINE 
PACKAOE ITOP VIEWI 

l PlUG·IN PACKAOE 
ITOP VIEWI 

No Frequencv Compensation RequIred 

Low Power Consumption 

No Latch'-up 

Same Pin Assignments as SN52709ISN72709 

schematic 

~-:;:;~--- [h-·1··---------.. · -'.1-'''' 
-, ')J---'-~ ... =-- ") ...... '!!" - \111 ") t ... ~~l t):: ., .. ,-1 l' ... -.- .-. 

'"-:W: 7..:
t-.::T{:j c.:

J .. ~ ... - '1 
N .... Gj. 1'--1_:1.1. __ ._.~ 
..... 4 ___ _ .. 

, DUAL·IN LINE 
PACKAGE 

ITOP VIEW' 

Z FLAT PACKAOE 
ITOP VIEWI 

~r~~~_ 
\ I C!V 

... -"' .•. ;; 
/ ~,-. 

.Ne ... , ..... e;.,uMc,lon 

:. "~~-.~~";'':' 
·PIN. IS IN ELECTRICAL 
CONTACT WITH nit CASE 

..•. --.-

I CIRCUIT TYPES SN52741. SN72741 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free·air temperatule range (unless othelwise noted) 

-==---==~~---.--------- -SN:2741 -S'!.~~_~-I::' UNIT 
Supply "¥(llIaqr Vee. hl"f' Not .. U ')"} . 1~ V 

S~~I~;~~VCC-~I;:':;-N~~" - n .- . -IH V 
~~uI-~I-;q;'~f>-~-'--- ---:jO --::\0. V 
i"11U~!~~~~;-h-;~~~~~ '~Nn~.~~_I ______ . __ . _ ~ ~~~~~~_~~. ~ ~-s..-
Vn1ulq" h"Iw'W .... n """f" ""WI nulll"'''l':.'_~'_I_~~ 'N]I ,nrl Vee_. '0.5 'O!, v 

. unhmltM unl,m,tPfI ~: .. ,~~_ of Outpul "hnt!..~"" N;..'..;."_' _4'_.,-_____ _ 
~~'~~I~~~ rl.ntp.tlon It (or '~IO~' !,~ _~~~~.~\Jr .. isH NOfp 5t !)lJ] r,m n.W 

_.?~~~._I~n_~ h ... ~~f. t"f~I"_~~'!'" ______ ... 
Slor~ ''''"(WI.lult'' ':In"" r,r, I"~: 1~~ 
i7-!i ;;;;;';t~~f' l-;;r.";~h from r.w fo' r.o;;;;t,- --- J(4~ 
lnd!~I~_'._'u_"'_.!i!!'_"'_<h_'fo~n_,._'_,"_I_O~n"fh .?r~ __ ....1 c 

55101251 o'um c 

"OlES' t, All "oltllllf' ".luH, IInl .. , "Ih.,wls. nll,.d, It, """Ih ,",""1 In ,1", ,.ro r.'.'lInc, 1,,,.II'I,,nln'" 01 Ihl' '''lIr,lv voll.", ... wh,.,,, Ih,-
"'01 ,,,',.,,,"<p 1"'.'1" 'M n,ilt,IIII'" lwotw."n Vee .... ,,1 Vee .' ,. n,,,.,.,,,,,., .. ol' .. q"" .f,.., Ihp no","".,lIn" Inll'" , .. ,n'I"'" ""Ith ""IIKI '0 Ih. Itlvwftin" ,.,,,;,, ''''"1In .. I, ' • 

3, Th" m"'l'''''''''' tI' Ih" i"pUf ,,~IIMJ' ,,",HI n.v., "'" .",' Ih. m-v".' ... I" ot , .... '''prJl., "olt .... ,."' 1~ vain. wtHch,. .. rt ,( h''',\' , 
4. ,t.. o"tr". "' ..... I>. 'hO'I~.ln V'Z""CI or flth ... f'('I~.r ,up"l., F,,, Ih. SN51'41 only: ,h. unl,n'uf.d d"r."on (>f ,h. ,"n, I l.""'" 

.ppl ... \ ". lor h.lo ..... 1 "5 e c"" •• mp .... 'u'. 0.7'5 e h ••• " I,,·.'t' ••• rur. • 
5 For Ol"'.'.on .... 0 .... 5'''C h ••• ., ""'l-l".Iu,., '.'''' 10 O''''PIt.on 0 .... 11"1 Cu'''', Fi"IHI' 12. 

electrical characteristics at specified free·air temperature, VCC+ = 15 V, VCC- = -15 V 
.----

SN527.1 ------sN72701 --- --
PARAMETER TEST CONOITIONSI UNIT 

MIN TVP MAX MIN TVP MAX ----- ------'5 C I 5 I r. 
VIO I""UI nih .. , \lnl1"fII" RS"; 10Uf noV 

full ranqt 6 1.5 

.lVIOladjl Offwt volt~(O arilun '.nOl 75' C -15 '15 -;;;v 
--75 C :!O 700 70 - ~OO 

110 Input oU'(01 r:ur,pnt ,,~ 

- Full "~9f 500 -------.~ .--.-
110 'nput h," current 

25 C .80 500 80 ~oo 

ROO nA 
Full.rlnO' tsno 

VI Inf'U'yt')haql"fI'n~ 
~5C -12 '13 ." "3 
~---- V ._--- _J~~~~_ '17 '17 

RL· lOkI! 25 C· 2. 28 2. 28 

VOPP 
Mn'mum p"."',o-P!t.k Rl '":10 10kll Full rlnvr 2. 24 
output voltltQf' SWInt) RL • 2 kII 25"C 26 

V 
20 26 :!O .. -

RL " 2 kl! Full ,anp 20 ~O 

AVO 
LAlli"" 'Hlnallhlll"l'nti •• RL ~ 2 kn, 75 C 50,000 200,000 20.000 200,000 

.,oll~ ampli'u:.hon VO' '10 V Full.,.,.. 75,000 t5,000 

r, 'npol ,pttU_nc. l~'C 0.3 2 0.3 2 Mil 

'0 Output '""'ancl' - Vo ·OV •. 

S"' Not. 5 
25'C 75 75 II 

C, Input CIPIC't.~ 25 C I .• 1.4 pf 

CMRP Common·modl '1PItc'i~ ,.ltO RS'; lOkI! 
25 C 70 90 70 90 

dB 
Full •• ,.. 70 70 

4VI()l4VCC POWI" IUflOly ... "\lIi.ttv 
25 C JO I~O 30 150 

RS~ lOkI! 
Full renQlf 150 ISO 

.VN 

lOS ShOII<ucuit output Current 2S'C '25 '40 .25 '40 rnA 

ICC Supply CUff.n, 
NotoMt. 25' C 1.7 7'!... 1.7 2.B 

No l'9"aI 
mA 

Full 'II'IP J.l -~~- -
Po Total ~ d,,,,~tinn 

No.foed, 25 C 50 R5 50 85 

NOI,gnet 
mW 

Full '1"91' lno 100 

'·AII f"t\ .... ttti'ttct .... tC',. ... Ui.<t U"ChN DP." 10ftJ' OP"f".I'Oft,'rUIl fI"'. to' SN~}7411' - 55' C to ",,' r. .n(1 fn, SN1,74t i, (I <: ,n 70 r: 

NOTr ~ 1h,. typ"., •• '"'' .. ",r"'" o"ly., "'-':lU""('" ."0 ... "" t ...... t1.,"drl'rl ".,U I' ..... " •• Ctf th •• ft,. .. " 0' .,.,f,.nd th",n,,,,1 t._fh" .. ~ 



CIRCUIT TYPES SN54121, SN74121 
MOHOST ABLE MUL TlYIBRA TORS 

logIc W flAT 'ACkAGE 
ITG'VIEWI 

IS. Nol. 6 lh,,, It 

OR N DUAL IN lINE 'ACKAGE 
nOP VIEWI· 

TRUTH TABLE 1500 N ... I ",. 31 ISOON .... IIw. II 
_. ------_.- r--

In INPUT '".t INPUT v CC he Ne . liMING PINS NC 

I~~ 
-.. _. -- -r-- QUTI'UT 
AI "2 B AI A2 8 

0 Inhlllli 

0 X I 0 • 0 Int-ubll 

X 0 I • 0 0 InPhbl1 

0 • 0 0 X I Ont Sho« 
X 0 0 • 0 I 011. Shut 
I I I X 0 I 001 ~hul 

I I I 0 X I One Shut 
X 0 0 X I 0 Inhlb.t 

0 X 0 I X 0 Inh.tut 
X 0 I I I I IntHbl1 

0 X -I I I I Intllb,1 

CD000<DCDCD 
Ii NC AI A2 8. Q GND 

I I 0 X 0 0 Inl'lIbll 

I I 0 0 X 0 Inhabit ........ '0ItC: .. 'Nth .MI • ..,.. nOC. 15 and' 

I- VlnIU ;'2 V 

O' V,nIO' '08 V 
I. Al end A2 .f. ......"". ad ... " ... '" 

lotte; I"pull, 1ft411 will "''''' thl OM 
tho' when .. ,,,., 01 both ,0 I. lo .. e" 0 

1 I.,.rn" tlmlne C-..cltOf ..... Y 1M 
~on~t" Mt'NMn pin 49 Ipot', 

II ... , and pin O. WUh no •• ,.,n" 
capaclllncl, In htput pwl .. wi.'" 
.1 hPluJly 30 nl II elMu •• ned . NOTES. 1. '1'1 .. tlme ""ore Inpwl 

"antIUon. 

2. In • I • ~Im. eft., Inpu, 
"anl.llon. 

~. )( indlul .. "' ••• 11" .... 

loylul 0 Of 1 mty be 

pr ... nl. 

4. NC .. No, Internal ConnKtlon. 

description 

w.th •• , lot~" t. 
•• • II .. P"'I'U'" Sc:hm'U If ...... 'nplolt rOt 

.. ow .... " .. Of ,...,.. '"''''IIOft • .,.d ...,.11 If.,.... th. OM Ihot when • to" 10 

!of.ee' 1 wUh •• h., It.. I 01' A2 ., 

.... , .. o . .s .. l"'t" 'alit'" 

Thi. 1II0rioiolhic TTL monostlbll multivibrltor I.ltu •• doC 
1r'9IJ'!ring from positiv. o. 9ited nogotiv.-going inputl",ith 
inhl~it facIlity, 80th polltlve Ind n"llltiv'1Ioing output 
pul",. Ire provided "'"h full llIloQUt to 10 nor~liZld 
loeds. 

Pulse triggering oc:cun II I \Wticul ... vol ...... 1 Ind is 

&. To u" ,he ,,,,.,"" "minI ,..1110' 
C2 1111 "oml ...... , cO""ec, pln(j),O 

.,·9 
.. To 0&1,-'" ".,ieble p"l .. width ,on· 

fWC' , ••• ,,,.1 "erINI. r .... t~"" 
tWMn Pi"(!)-,,CI PI" 0. No , •• er· 
n" cu",n' IImlt'n •• 1 "..oed. 

to.. F .. ec:Cuf.'. ' ...... bI. pwlM wlll1hl 

~Oft~t.n •• I.rn .. , .. )t.o, betWMn 

INn 0 .nd pin G with .In ® 
.... ,.-<..,'''11 

nOI d".cUy "llled 10 the trMlsilion timo 01 tho Input pulse, Schmitt,trigger inpul circuitry ITTL compatible Ind 
t .. luringlempa.ltu .. ·independent backlllll, See F,yurt LI fot th.8 inpulillows jill.·t." triggoring from inpull ""th 
u"mition lim .. IS alo", "' I vlllt/lIICOnd, providing tho circuit ",ilh III IXc.llent. noise immunlly of tYPICIIIy 1.2 vol II', 
A high Immunity 10 VCC noise 01 Iypicilly 1,5 voll. il allo provided by internllillching c"cuitry. 

Once fired, Ih. outPUll Irt independent 01 lurther trlnsitions on tho inpull and III I lunclion only 01 th. liming 
component., Input pulses mlY be of ·,ny du .. tion roilliv. to Ih. OUlput pul .. , OUlput pul .. I.ngths m,y be v .. ied 
from 40 nlno_ondl to 40 secOndl by choosing Ipproprilllliming componenll, Wllh no •• ternlltiming componenll 

}i.e .. p,n@connecled 10 pin Q} pins ® @openl In oulput pul .. of 'YPlCllly 30 nlnoleCond. il achieved .. hich 
., "'y be used II I d..: Irlggered 'ISII 1i9n11. OUIPUI ri .. Ind fill lim. are TTL compallble Ind ind.pcnd.nl of 'pul .. 

ler~:h. 

Pul.e\w,dlh isach·ioved through inlernal compenwllon Ind il VIrtually independ.nl 01 VCC"nd Ilmporltu ... ln moll 
ipplicl.lionl, pUlse stlbility will only be limiltd by Iheaccuracy of e.'ernlltiming compontnts, 

\ ' 
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CIRCUIT TYPES 5"54121, SN74121 
'MONOST AILE MUL TlVIIU TORS 

description (continued) 

J,II"."" oper.,lOn i& mlinllined 0¥Ir Ih. lull cemporllure ,nd V CC ronlll for more IhIIl six decades ot liming . 
co_illnee lID pF 10 10 I'FI Ind mot. than one decod. of timing .ni,,"ncoI2 kG 10 40 kGI. Th,oughoul th_ 
rln"", pul .... idlh il delined by Ih ... llIionihip Iplou'" c,. RT 1090 2, • 

Circuil portotm,nc:. il achitvtd wilh I nominal power dissipation 01 90 milliwltll II 5 volll I~ duty eyel')1nd I 
QU""'tnl dissipatIon .of Iypicilly 65 milliwllll. . ' 

Ouly cyel. II high II 90% If' achitvlll when using RT • 40 kG, Higher duty eyel .. ere achi",lblo II , ClrUln _nl 

01 pul .. · .. idlh jill. is Illowed, 

rKOmmtndld operlting conditions 

Supply Vol .. vcc: SN54121 Circuill 
SN74121 Ci.cuill 

!'Io,mali.ed Fan.()UI F.om Each Oulpul, N 
Input Pul. R, .. /FIU Timo; Schminlnput 18) 

Lovic InpuliiA I, A21 
Inpul Pul .. Width ,. , , ,_ ."""',.. 
Extltnal Timing Rni_ 8.1w"" PIna@ond6IPln(g)oponl ; •• 
ExlernaITimingRni_: SN5412t 

Timing c..aci.-, , 
OUIpuI Pul .. Width , 
Duly Cycle: RT • 2 kO • 

SN74121 

RT • 30 kO ISN541211 or RT • 40 kO ISN74121) 

MIN -•. & , 
.,111 & 

&0 
I .• 

0 

MAX UNIT 
U V 

&.211 V 

10 
I VI. 

I VI". ... 
kn 

30 kO ~(: 

«I kO 

tOOQ .' 
«I I • InI .,... 

I,' p'. 

( - ·:':;;~l~}~ 
t"'I";.-" 
~ :; \ t·! . i ,: 

·~~~tJ:i 
r' .' 

i':r~~~Fr ; 
:! ~. 

"1, ~ 

• ,~, 'P ~ , ~ 
~ o4t'- ...... ' , ,.1 ... 

\; . 



CIRCUIT TYPES SN54J21, SN74121 
MONOS TABLE MULTIVIBRA TORS 

ele<:trocill chillilcteriSllcs OVer operating free·air temperature range 
-------,---

PARAMETER f:~~~E nST CONOITIONSt MIN TVPI MAl( I UNITS 

-.---~.---- _. ------ ._--- --- -- ~--

"T- ,,o'III\O'uUlOYlh'e1l10Idv0l101~.'Alnpu, 51 V~C·MIN T 1.4 2 T V 

\IT _~~~I:-:!:~;I~~~I~f_~.tve'IAlnpu 51 Vee·MIN -r 08 14 T V 

"J.PO\'II¥~~lf'shold\lOIt'')'t.t a Input 51 v~. MIN I. 1 &5 2 T V 
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lhe 0II1puli may be will AND connKlod 10 •• 1 .... 1 Ih. AND luncl,on, Tho SN~4091SN74O!1 ... 11 ,IOk sullot • .,lI 
curronllo d,iv. 10 _mali,.,. Series 54/74 Ioadt .llho low nulpull ... 1 

Tho SN5408 .nd SN6409 "' chllacl .. irod lor _"lion 0." Ih.lull milil.y I .. nl .... lur.'_ 01 - fofo C 10 l1fo 'C; 
Ih. SN14118 ond SN1409 •• t·hO!acl .. "od.OI 01' ... 1100 I,om O"C to 10"C. 

• 

seneINtlc INch IItl) 

dRCUIT TYpn 5H5432, 5N1432 
QUADRUPU 2·INPUT POSITlVE·OR GAllS 

J OR 01 OUAL IN LINE OR 

"PLAt 'AtoAOI no. VIEWII 

Vee <II .. 

{

O. 

_n I I .... --U I J t--_, 

II I ._ 

IA .. 11 1'Y (f~f1 

... , ........ : V-A., 

'PII'~" t., 1~ ... C"'c .. ltt .,. 'he .. ".. hu aU PM" au" _ 

' . Ibsolutt INllimum rltingl owr oJllflti", fr .. ·.ir t.mJllfltu,. rlfIOIlunltu oth.,wi .. noted) 

SupplV ,oll.go, Vee til' NOI. \I 
I".,ul"ol •• 

OJ*lhf'llJ"fOt" •• t""~.lur., .... · SNS43'CIfIUlts 

SN/412 eor ... i" 
StOf.gri temPft.IUf, '.0Qe 

.. 011 , \lU"_" ...... " ... ",.th ' ..... to """,,01' "o.tNlI • .,,,,,nal 

rtcomINnded oper'ling conditions 

1V 
55V 

Mi C I .. 1]~)'~ 

O"Cfo IO'C 

. 50 'c t~ 15O"C 

~
-- .. --

... _- -- .. - - --- ------
St..po'w vOIt..-. vee _._ _ ._ r __ ._ 

--_ ... __ ._ .. - ••.. , --_. - H,thl"t< I ....... 

Nor~.~~ t." "",'. "o~ ~_h _~~I~_~_. _____ . ..B~;.. "~;~~~.' 
__ o'":.'~!'",.'!e.!"!" 1~mpf"ItU'.!:.!A __________ ._ .. __ 

• -----.- ---- --.. _-- -- 1II<~.Jl -~-""'li--~ 
-- • -. - •• - -- UfrrtlIT 
~.!.H ~OM t.4A~ ~I!,,_HO'" M~~ _ • 

• ~ ~ ~ s .,~ '. ~ 2~ I v -- ~. - -- . .-
JO ]0 -- -. 
10 to --;; ]~. I~.L~··!·. ~jll -c-

"j 



ICUIT TYPES SNS476, SN7476 . 
AL J·K MASTER·SLA VE FlIP·FlOPS 
TH PRE~T AND CLEAR , 

c 

TRUTH TAILI (I.,h '11 ..... .,) 
, ' .. 

I I Q 

0 0 Q, 

0 I 0 

I 0 I 

I' I Q 

"I: I. ,.-litllmo __ kput •. 

2. ''''1 -III - - ,1- .... 1 .. 

:riptlon 

The SN7478 J.K Ilip-flop is bned on th. m.t.,-tI_ 
prlnclpl •• Inputs to the mast., Metion w. cont,ol'ed 
by th. clock pulw. The c.ock pu'" 1110 ,.'"tn·th" 
lilt. 01 the coupling t,lftIIttoo which connect the 
__ end IIfte .ctionl. The 1tCIU~ 01 Openllon 

· •• ,oI'ows: 

t, 11011111'''' ',om mall. 
2. Enl .. information from J end K InPUII 10 

mast. 
3. Oi ..... J end K Inpu" 

. 4, T' .... " Informtllon lrom mast. to ...... 

J OR N DUAL-IN LINE OR 
W FLAT 'ACKAGES ITOP VIE",t 

1~ 10 II! GOlD l~ 20 IJ 

1 1 1 11 Vcc I I I 
ClOC~ '~Eln Cl[A~ CLOCK ,~($n Cl[A~ 

.... ,~ '''': ,"0* ,"out ,. ,""e' .. " 0 I. to,u: at , 
le" ,"put to tl •• ' .... 0 .0 10t1U' 0 
0.., .net .......... I~' of cloctt 

'PI" .... '"""",. tor ......... cut" ...... WM 
f ....... ' ..... 

HIGH~ 

lOW . 

CLOCK WAYIFORM 

ommlllded opentinl condition. 
MIN NOM MAX UNIT 

~pply Volt. Vee: SN5478 Circui" 
SN7478 Circul" • 

Op ... tlng F, ... "1r T"""""u,, RI"", T A: SN5476 Circui" , 
SN7478 Clrcuill , 

Normtllled FlfK)Ut From EKh OutPUt, N , 

Widlh 0' Clock Pu'.,Ip(c.ock) (Set lilPol" 119) , 
WIdth 01 Prtte1 Pu' .. ,Ip(Pftlll) (Set lilPol" 701 
WIdth 0' CI_ Pulw,lp(cI •• ) (Set liIPoI" 70) 
Input SetuP Time, '-tuplS. liIPoI" 89) 

Inpul Hold TImt,It.oId ". • • .' 

• .5 
..,~ 

-~~ 

0 

20 

25 

25 

~IDCelock' 
0 

--

~ S.5 V 

5 1.25 V 

25 125 e 

25 70 e 

to 
., 
., 
no 

• 

CIRCUIT TYPES SNS476, SN7476 
DUAL J-K MASTER·SLAVE FLIP·FLOPS 

WITH PRESET AND ~LEAR 

electrica' charactltinics, TA • O.,C to 70'C (unless otherwise noted I •• _____ 0 ____ ~ ._---_. --' 
TUT 

TEST eONDITlONat MIN 'ARAMETER TVPI MAX 
FlG.uRI .. - .. _.4. _______ 4_ 

Il"IQut volu" required to 48 

V,nIH '""'t.l",iell 1 at 'ny Ind 2 

input 'IFn'"nll ., 
Input vall. rwQUlrtd to ~ 

V,nlOI .nsu,.logtelf 0 •• 8ft.,. 1ft<! 08 

input '"m,n" .7 

Vou"I' Lovie,' 1 oulP\l' 'loll. .6 Vee. MIN Ilo.t ••. 400 ~A 2. 3.5 

Vou.COt lotte" 0 output 'loll .... ., ee· MIN "ink· 16 mA 022 .0. 

IlnlO' 
Lt9C11 01 ...... '""'" cur,,,,, -a Vee' MAX, V ... • 0 .• V ·16 
,tJ Of' k 

linlot . 
lOV'C''' 0 I ...... ",put CUf,en' -a 
'.!.~~!~!!!.-"''' or cl«tt 

Vee: MAX, VI. ·0 .• V 32 

1'.111 
l otIuI 1 I~ input wr,ent ., VCC' MAX Vift· 2 .• V 40 
atJorK Ve,,· MAX V_· 5.S V I 

',nn' 
l.eI 1 • ...,.. input cunlft' 

.9 
Vee· MAX, Vlft· 2. V 80 

.t~~~~~k Vee· MAX, V ... - 5.~ Y I 

V -0 I $N5.76 ··20 -57 
lOS Shon<wcuh output cur,..," 51 Vee· MAX. 

In 5N7476 -11 . -51 

ICC So.,...y c." .. 1 II""". nip ftopl 49 Vee' MAX 20 ~ 

switching charactltiltics, VCC - 6 V. TA - 26·C. N -10 

'A"AMETIR 
TEST 

FraU .. E 
TEST CONDITIONa MIN TVP MAX 

'. _. __ ._--
1m. Pt'."imum ctock trlqU~Y II!! CL· 15 D~ "l . 0110 1\ I~ 20 

"011 .... _ dol .. Ifmo 1.I .... e .. 0 

'Pdl 1 .... " .... e ..... _CD 70 CL·'SP~ RL ·.00 1\ 16 25 
.,.,\PUI 

'roPIII,ion dtley time to I ... 1 

'PdO fev.l from cl_ or prIM" 10 70 eL-I~pF, RL '~II 25 .a 
OYtPUt 

-'-

'Pdl 
"lJP8II1ion dtley time to , ... t 

eL-15p~ RL ·.00 II 10 18 
IIWI from clotk 10 output 8fI 25 

IpcIO 
p,opogotoon dol .. limo I. logic" 0 

GIl CL·'5p~ "L ·.oon 10 25 40 
level hom clack to output 

ondltlont ,hown" M'" or MAX. "'" the ......,.., .... ~ 1tNC1',.t under r.co"""'-'CIed op.,.tt"tC;OI~'t'()". tn, the 
."Iubl. ,""Ice 1"pe. 

. . 
,AU 1Y"" ..... u .. .,. e' Vee •• Y. ~A • 25 C. 

1"0' lftOfe theft one OU1PUt .....,Id be ... .,1 ... M • ""' .. 

.. --
UNIT 

-
V 

V 

V 

Y 

rnA 

rnA 

.11 

rnA 

.A 

~~ 
mA 

inA 

UNIT 

MH. 

no 

... 
r 

., 
no 

• 



ClRCUfT TYPES SNS445, SN54145, 5N7445, SN74145 
ICD-TO-DECIMAL _ DECODER/DRIVERS 

". 

IWitchlnv charlCtlIfiltiCi 

8-1..:1·1 

TRUTH-TAlLf 
c(NfIATo. 

PARAMETER MEASUREMENT INFORMATION 

VCC' sv 

INPUT 

AI .. IA 

1------111. 

(5 ........ 1) ci Ic 

01 10 

-l 

'::' '::' 

TCl 

TYPICAL INM 

VOLTAG£ 
WAVEFORMS 

(5 .. ~11 

TYPICAL OUTM 
VOLTAGf 

WAVEFORMS 

nST CIRCUIT 

-------~-~x. 
IN'tJT A ' , I.S V I , _______ _ 

..... :-- ISH NOH 1) 

- IN'PijTr - Xt '. . 
I. C. I .. 
010 'l----- ___ _ 

I . 

. {'pdT r 
------L--L----

I 

~. 
---_ .... -. ., 

, 1.5 V 
I , 

-.: IpcIO ~ 

V, .. (1) 

VI" 10) 

V; .. (1) 

VI"I'O) 

Vout(1) 

VOUII'O) 

Voul (1) 

Voull'O) 

NOTES, 1. n.. ";,,,, .. abl. __ hoe "'. 10110001"0 c~ .. oc"'II"<I! 

V oul(l/ :: 7.' v. Voull'Ol SO., V. I, .".j 'I < 10 .... .".j 
,._. MHz. ,"putt .~ C, and 0 trCW'llhlona oceur •• "",,-
tanoHVll, wI ....... ".lor to 't"Iput A ttDftlhfOnl. 

7. Cl I .. eludes " .... .".j IIV <_"-.. 

flOURE I-SWlTCHING TIMU 

TTL 
MSI 

(I"CUIT TYPES SNS446A, SH5447 A, SH5448, SH5449 
SN7446A,SN7447A, SN7448, SN7449 

ICD-TO-SEVEN-SEGMENT DECODER /DRIVERS 

SN5446A. SN5447A. SN7446A. SN7447A SN5448;SN7448 
, .. "'tuflnq 'p,tutln, 

• OIRECT URIVf FOR INDICA.TORS 
• Orf 1\1 f IIllll IpIlIUI"'II'" • PA~~IVf PUll tJPOUY'UTS 
• l AMP ff~T pnnVI~ION • lA~~P nST PROVISION 

• t f At""G TnAlll"G1FRO SUP"RfSSION • LEA[)INGITRAllI"G ZERO SuPPRESSION 
• CERAMIC OR PLASTIC • CERAMIC OR PLASTIC 

UtfAl 1' .. II~f rA(k.\(ac;. nUAI I"~ llNI PAlkAlilS 

J OR N DUAL IN LINE DR W FLAT 'ACKAOE ITO' VIEW)' 
SNSo1.6A. SNS441A. 
SN7U6A. SN7447,. 

potll ... I.' .. IN'" 11il'_ 

S"5448. SN7UR 

(Iu' .... t",· 

t,.," "_"I""""'"" to, th ... et'cu,,, ..... ''' ... ,.... to, a .. pac: ...... 

ALL.CIRCUIT TYPES FEATURE: • TlL-DlL COM'''IIIILITY. 

SN5449. SN7449 
'f'lhu.nq 

.OPENCOLlrCTOROUTPUTS 
• 8LANKING INPUT 
• WElDED FlAT PACKAGE 

SN5449. SN7449 
W FLAT PACKA(';F ITDP VIEWI 

• FULL DfrODING OF ALL "INPUT COMIiNATlONS 

• LAM!' INTENSITY MODULATION CA'AIiLlTY 

delCriPtio: • 

T~ •• monolithic. TTL. BCO·to·seven·wgmtnt decod"'drive,, consist 01 NAND qat ••. input bull.". and .. v.n 
AND·OR·INVERT gil ... Threl conligutltions ollft·activI·low. h'gh·sink·cu"tnt outp"" ISN5446A ancl SN5447Allor 
cI,ivinq indiCIIOfs direclly; active·high. passive pull·up oulpu". ISNS4481 ..,d activo hIgh. op.n<:oll .... tor oull1u" 
ISNS449} for cu"eryt''I(JUrcing IPP'ie.lion, to drive logic circuits or dilCrele. ICtive comJlOnents. Seven NAND QOltes 

and onp. drlli~r Ifr conn.-rtf'd in pair, to make BCD data and its I omplernent availablE" to the seven decoding AND-OR 
INVERT 1)1h·'. :mct th~ rpmlining NAND gate Ind thrre input buffers provide limp te~1. hl'1'1king input/llJ1ph~ hlanking 

output .• nd "ppl.·blanking inpul 10' th. SNS446A. SN5447Aand SN5448. Four NAND qat •• and lou, inl1'" h"II.IS 
pto.id. IICO dill Ind its compl.JMni.lnd I bull., provid.s hlanking inpUt 10' tho SN5449. Set! luncllonal hlork 
dllllg'.lm~, 

The circuit' RtC':P[lt 4 bit blnary<"octed decimal IBCD) and. d~pencting on the state of the .'.lIlcitiary inpuu, (h"f:ocle\ Hm, 
dala 10 d,ive • "",en·segm.nt display indicator ISN5446A and SN5447AI or othe, componenll ISN544~. SN~4.lrJl. 
The relative positive toqk; output t~ell. 8!. well IS conditions r('(H,ired at the auxiliary inputs. are shown in • ..,,.. tr~llh 
rahlM. Oulp1tt ronftquratton!. of thl!' SN5446A ami SN5447A art' de5igned to with,tand the relativrly 11IClh voltiM)'" 

feqUlfpef for seven' ~qfl1enl indtcaton. The SN544r,A outputs will withstand 30 volU, and the SN5441 A Will with<;'.md 

15 volt!., with a maJli,:num rhe'~·current of '50 microamJWres. Indicator segments If!'flllirinq up to 40 nlllliaOlIlf'If~' III 
rurfp.nl may tM' drivr.n .tireetlv hom the SNS446A or SN5441A high performan('p (ltltput tfam,l<;tor.;. Sf"qm",H 

act,."tt"(:a"on w,Ih ,,,\1,,11,,", cfi'Plays arp shown in Fiqtn~ A OiI\JllilY patterns for BCD Hlpul rount!. ahnvr!l .ur. uniqUl' 

symhol\ 10 aUlluonllralr m"ul conditIons 



CIRCUIT TYPES SN5446A, 5N5447 A,· SN5448, SN5449 
SN7446A, 5N7447 A, 5N7448, SN7449 
BCD· TO·SEVEN·SEGMENT DECODER/DRI~iRS 

f-

detcrlption (continued) 

The SN5446A. SN5447A, ;tnd SN5448 cireuih inr.mJJOratt automatic 'p.1dinq anti 'or u"ilinq (I('Q~ 1""0 hlank.nQ r'nnUol 

(RBI .nd RBOI. lamp t." Il n 01 th.", typn may be p<'flnrmpd .tany tom. wh.n th. ""RIlO "ndo i. a IoqO("al 1 All 
types contain an overriffinq hlank,ng input (811 whICh can be used to fontfol tht' tamo i"tm~lly or 10 ",hit)!! th,. 

outputs. All inpun eWN'fli th" BI/Rnn "(Ht .. , a" nnf' normalilPd Seri .. , 54/74 lo.lrl Inpun and OlltIlU" I"" f'"h,ply 
compatible 10' u'" with TTL 0' OTt ~'~ic output.. Pow .. dissipltion is typically 3;>0 millow.tn ISN5446A. 
SN5447A. and SN54481 0' 165 milliwl11\ ($N54491. 

I 

The SNS446A. SN5447A. SNS448 Ind SN5449 "" char""t .. i"", 1o. oJ>l' •• tion Ovt, tho lull militA.y tPfOJ>l'.atur. ,anqo 
01 -SS"C to 12S"C. The SN7446A. SN7447A. SN744B. and SN7449 Itioctricilly id..,ticil to th. cor,"",ondonq 
~i .. 54ty_1 •• Ior operation 0'" tho tllml>"'."'" tinge 01 O·C to m"e. 

TIIUTH TAIIU SN>5C41A. SMI ... ?A. SN?"'6ol. S'H"'?A i . 
,------...... ", 1/ OtItMS---...... 

NnMA, 
r.t 

ftlN(flON " .. , n C • • ""If') . • , • . , .. "'0" 
0 I • 0 • 0 , 0 
0 0 • 0 0 0 I I I 0 0 I 0 , I 0 

• 0 0 0 I 0 0 I 0 0 0 0 
) , · 0 0 I I I 0 o· 0 0 I I 0 

~ 
• I • I I I 0 0 I I , I • I I 0 I , . 
6 0 • 0 I I 0 I I I 0 0 • 
] I • 0 I I I I 0 0 0 I 0 I 0 

• 0 I 0 0 • 0 0 r 0 

• I • 0 0 I 
10 I • I 0 0 I 0 0 I 0 0 I 0 
II • I 0 I I I 0 0 0 O. I I 0 

• I 0 I I 0 I I I 0 0 
I) I · I I • I I 0 I I 0 I 0 0 

IT • 0 I 0 0 I I , 0 0 0 , 
I • I I I, I I I ·0 I I I .. • • • • • • • 0 I I I I I 0 1 

'" I 0 D 0 0 0 0 I I I I I I I I 

• • • • I 010 0 0 0 o 0 • 
NOTIS' I, 11"""0 i, ...,,, ..... Diotic' ...... i ....... hl,,"".~ .nput fBIl .nd/o' tip,," bl." .. ' .... output '""01 , .... hI.""", '"Do,1 1811 ,"utt h. 

0,,." 0' ..... 'd.' a lo.,ra' I ... ha-. OU'tlUi I,.m"'O"' Q ,hfou,'" I~ ~.'.dft"" •• nd , .... ,,", .. bla""'''' ,"p,t ,""II ",uti "e "Pt" nt 
.t,. Int" .. 1 t ,f hi." .. ,", of. dec."..' 0" not " .. "811.)( ,. '"puf m.y h. h, .... 01' tow, 

2. W .... n. 10",.1 0 'I a""I'M ft"ktl. to 'h. bl ....... ". '"pUt !rOtced t:oN:ltl'O"t.1I ~t DUtpu'leo to a 10,.(a' 0 ..... d' ... ot ,h. 

ft .. t • 0' I"y n'h.· '"put ~""<1'II(!I"" 

, W· •• " , .... t,,,.,I. hi."",", .", .. " fAltl' aM '"put, ". ft. C, Ind 0 at'.' 109'1:.' Q, .... th ,he I .. Mlt I ... , '"('OUI It 10"", " .It ........ "' 

Gutpu" ,n'o a In,.,., • t"d , .... """'t h'I".'"' GiltPut '""01",1t to a tn,·r.t 0"""0 ..... ~o"d"iO"', 
t. W ... en the hi,,". '''t .nrn.t""'ttcJ'. bI.""·'"I O"'PlJI .... '".n. " op ... 0' het~ at • Io"ul I. and • 'OI'C'" 0 .. ~pl,td '0 th. laPtp ,ft' 

InpU'. alt '",ne"1 nutpu" 9ft to, 10,1('.' O. 

CIRCUIT TYPES 5N5448, SN7448, SN5449, SN7449 
BCD· TO·SEVEN·SEGMENT DECODER/DRIVERS 

IRIITH TASl£ ~"'-148. SN74411 

r-_____ 1N".1T5 ~ r OU'P1."~·---·--' 

"I ('t.IAI 

'''':''''''jll' 

§;-- -0-

--~-- ~-

-~- -7--h5-l+++~ 
, --I 
., "I 

·i·~tttt- . i _, 0 ' ',--< 
-.t~ -_;- ~ I . 

(l I --

~-

• .~ .L 
• , 0 

, ., 
~.++ "~ 

~Ii o 0 

. ,-

" ~"~ H ' - r 0 I-~ -_I .~ () --r-t-~ 
rl--~" .. - 0 

;; 

H-t--;. f--!! 
" 
" 

o 10 

:;-~. 
rfu-, , 

-. 
"'0".. 1 H' "AO ., "..". J\~n I".'~ , ..... ".,., I'l'''"'''"'' , .... ,11811,.,.,1 III "PIlI. h."nkinl Ollfl",' ',lnOI, fhp 10' .. ". '. q ",.-,1 1~'I' ""1\1'- .. 

ro,'." n. he',' '" .. In, .. "',1 """pn nu'p,' 'un( I,."., 0 thl"'lIa'" 1'. "'. rt.",M, ,,"d I"'.' " • .,If' "',.0" InQ "'11". ,''",' ".,,,' I f' "I'POI rl' 
.' .. 'n' ... t 1 ,'1,1 ....... .,. hi. ,t .... ," •• 1 0 I, ""1" ...... ' ..... )( . ,nl •• ,1 ....... to. ".q" or Inw, 

J Y'VI •• " .. 'lit·, ... , n ., """""', "'., .... 11\1 'n ,tI .. "I" ••• ,.~ '"1M' I "II" ... , ."nft.I • .."., "II '~I""'" ,."'p,,I, Qf1 In it '''<1 I'" •• "1 .. ··"' .. ~ "I ,I.,. 

' •• '.01 ... ., nih". -"lh,1 (u.""fton 
1 w","" th. "",,'.hl.n'II"O ,nput (Rnl, .,.d ''''''1'' A. R. C, .... ri 0 .... ' 'o.'c.' O. "1"''','''. I.,.,,, , •• , .. ' II"Q, ... I ""II <( .. Q ....... , 

011""'" • ., 'If " 10o'(a' 0 and ,h. ,.".,1. bla"II,"O output I "nOI 00" to a lo,ica' 0 ""'!IIII'''''' cond,t.o'" 

4. W"." th. "'",,, ... "' '''PI,I I 'I.ftl. hi ..... '"' nHI",,1 IAIIARO'., ""." 0' h.ld at a 10l,nli ',.1n'l ,. log, .. ,., 0 '. 1,'1' ".,1 't> , ... ,. ';""" , ... , 
'"PII'. a" '!'"Q., .... , OI,'"UI, In '0 .'"I'ca' ,. 

~, 

TRUTH T"BlE SN~9. SN1449 
,..-INPun ~ ro---OUT"II\---- ----~ 

tll('''''',l 
o· 

JltU(flON I f' .. , I d Q I '~f)JI 

"0 ~ o I 0 ," o ., 
1 n - (l 

"0 -0 ':t=t1===j 
I 0 I ~~ ';;--+--;-h+~-irl~~ :t'T-P.t==I 

t-_ ....... _~ __ O,.. -l'-,;-i~~- ,·!f-.·i -2 

r 
1 1 0 0 I 1 1 1 1 (I 1 ,'----

Tt---i- ~ : ~ ! ~ ~ ~: - ~ : 
H}-- -i-· ~~ ~- -r- +1-+_ --5- -% ~"-- _ %." : -T~' 
~i' 0 0 +r+- l-l-4.. 0 0 I I. I 

Ii I I I' 1 0 0 0" 0 I) 

"'I )' 0 n " 0 0 n ;;-

t~"lTf~: t. f\" h'IIP'I':", t",.." """I to..".~ er "tl~ ,,' a 100;,01 1 ...... " Ou'"'' f "'(':(,", 
~ ''''fIIo~ 1~!"IIft d .. ; ... f. 

7. Y'.""_ n 1..,1,.,' f' I, _I' .... , ..... "I_~ : .... , .... , .. I' .... _ ...... - •. -- .. 

II 



:lgic 

tTL 
lSI 

CIRCUIT TYPES 5N5490, 5N7490 
DECADE COUNTERS 

MSI TTL HIGH-sPEED DECADE COUNTERS 
. for applic:mlons in 

• Digital Compu_ Systaml • o.ta-H..tling Sys18mI • Control Sysmrns 

TRUTH TABLES 
ICD COUNT SlQUlNCI 

Imt/COUHT (\oe -. 2) -,-_. 
COUNT e.' 

0 0 0 0 0 

11m INPUTS OUIM 

lOCI) IOCZI 1'(1) I'm 
o C .... 

I 0 0 0 I I I 0 x o 000 

2 0 0 I 0 I I X 0 0000 , 0 0 I I x x I I I 00 I 

• 0 I 0 0 x 0 x 0 COUNt 

s 0 I 0 I 0 x 0 • COUN! 

• 0 1 I (t, 0 X X 0 COUNt 

7 0 I I I X 0 0 X COUNT 

• I 0 0 0 He-No I"~ Con ........ , I 0 0 I 

HOTU, l.o..-' ... _ .... IO_·0 f •• CD -
2. x IndIca* Nt .1"* ........ , Of ........ D ...., 

bop-. 

I:'!f\/I lOCI) IOCZI NC VCC 1'(11 1'1lI 

" fLAT 'ACItAQIITm' VIE'" 

-=ription ... d typic:-' count configurationa 

The&e hi~1~. monolithic decedI counten =noist 
01 lour dual.,ank. lMIter..t. .. Hip-Hopi in_lIy 
int.ort:OMeCted 10 provide'. divide-by·two counl. 
Ind .dIVide·by·l;'" counler. G.led dir&1 raM li
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UNIPOLAR LIMB LEADS 

LEAD AVL** LEAD AVF** 

** Also known as "augmented" leads 

UNIPOLAR CHEST LEADS 

.. ~ 
.'.'.':: 

CH POSITIONS 

J I 

V 1 Fourth intercostal space, 
at right sternal margin. 

V 2 Fourth' intercostal space, 
at left sternal margin. 

V 3 Midway between V 2 and V 4 • , 
V 4 . Fifth intercostal space, at 

mid-clavicular line. 

V 5 Same level as V 4, on an
terior axillary line. 
Same level as V 4, on mid
axillary line. 

E Ensiform, base of sternum. 

CH POSITIONS 

FIGURE 4 •. StanJardized ECG ElectroJe LcaJs. 
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FIGURE 7. Isotherms (SurfucesConnecting Points of 
Equal Tenperu ture) in the body. Left, I sotherr.ls 
in u- liann Environnent; Right J in u Cold Ell-: 
vironl.1ent. 
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FIGUIlE s. Surilmary of the Distribution of Ingested Food 
Energy I'li thin the Body and Its Transfer to 
the Environnent 
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