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The project dwells on air temperature reading device
which could be read simply through the number display at the
seven-gegment LED.

The technigue employ. we=d in the digital air temperature
reading dJdevice wac based on air temperature sensor circuit
using senser diode, a5 bransducey. The circuit will
conveniently convert the tempersture signale into electrical
signalis. The sensor employed in this project is the sensor
diode {(a forward bissed amilicon diode) which is supplied
with a censtant current from the tranesistor, so as  the
tonperature changes, the voltage across the diode will drop.

The system waes designed, constructed and tested which
could be used in many applications. It could be vee in
weather forecasting, to Enow the tewmpersture of the region,

inn Agricultural purpose to Jjust wmenticn but few.
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CHAPTRIR ONIE

1.0. INTEGDUCTIOH

The prodject topic is "THE DESIGN AND CONSTRUCTION OF A
SIMPLE DIGITAL AIR TEMPERATURE READING DEVICE”. It is abie
to gense the air temperature of the surrocunding and display
the value (reesult) in degree centigrade after conversion by
the use of anslogue to digital converter.

Although there exist various wayse Lo measuring the
temperature of surroanding Aand some  physical properties,
But trying wo make my own contributicon, I choosge this
project, having tne objiective to have a bresk through of the
anomnslies resulls  got from other existing temperature
maszsuring device e.g. cliniczl thermometsr.

Taking TFedsral Univereity of Technology, Minna as a
35e studgy we need this mezsuring device in our  varicus
laboratories. o measure the ailr tempersature, for example,

inn chemistey labts, bilclogy

1o the Univsarsity

clinioc to nmentiocn but few.

The working tempeyature snviromment is aeedful ia most,

it onot all., cases. Thi

b}
[

nstrument ehould be mounv-up in
gtrategic yisces for colear Jessibllity of Lemperature
reading.

The design civeunitery consist meicly o bthree basic
sectivns. Thears cecticne =re air temperature sensing
civouil sechion, conversion section, 2nd dizplay section.

Figure 1 expiain the basic flow of the design of this

project, which are in block diagram,




s

The sair temperature

zensor circuil uses a  forward

[3

bissed silicon diode which i supplied with a

constant
surrent  from the transistor Tr. Thi=s circuit generage an
analoegue signal output, VA. whis i=s

fed into comparator 1,

together with VAL (RAMP)Y, an analogue ountput from the A/D
converter,  The comparator 1 has its outpat to be VO1.

A NAND  GATE (7400) was enployed, which contain four
nand gate. Gate A and gate B was cascaded to give a latch
(histakle). This latch has two inputs, in whizsh V01 and VO3
wers fed  into. Gate € of 7400 which was employed as a
normal nand gate, has two inputs which was engaged with the

output from gats B and V04, The overall output of this

gates momes from the output of gate €, VOZ and was fed into

COUNTPIN of the A/D converter.
Also the output VO3 from Astable 1 wazs fed into the

EESET PIN of the A/D converter. The AT converter produces

83}

a0

~kits digital output, which was fed into two 4-bit latch

registers. One of the 4-bits latch register receives the 4

bits {(low si

gnificant bit) and the second receives the other

4-hite (most significant bit). This two 4-bits 1latch

register could be RBESET by VOS5,

The outvuts from the latch registers is then fed into

the inputs of the two Drivers accordingiy. Locei: of the

)

r

Drivers has seven outputs which are fed into two seperate

display (seven segmeant display, LED).
The details of figure 1 ehall pe discussad in full in
chapter two.

~
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1.1. LITERATURE REVIEW

Conversion of one form of energy into another is =asily

done by wmean of an eiement called transducer. Active &

Fagsive are two bhaglc types of transducers, The

e
o

ive,

alpo called self generation, transducser converts energy

directly from one state to another, without the need for an

external power source, or excitation. An example of this is

a termocovple which gives an eliectrical signal output when
cne  of its ends is heated. A passive transducer, on  the

other hand, does not convert sphergy directly mat controls

the encrgy or excitatiocn, which comes frow anobher source
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ig‘i'l.‘ sives the conbhinations of inpvut or  mes

oitation  For amay Lransdacen This ful

there are avallable dJdifferent tvpoes

Mechanical
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Considering in this project is & temperature sensing circuit

which is very sensitive 4o air Leuwperabure. In this the
output and excitation are both electrical.

A transducer (a circuit which converts one form of

energy  into another) is usually the first

measurement system, as shown i figure L2 below.

TRANSDUCER SIGNAL CONDITENER | QUTPUT

simplifisd measurement system usiog a transducing figure V?.
circuis.
The signal conditioner wodifies thie signal from  the

transducsr., ouch as by ware sharing (amplificatical to suit

the requiremsnte of the coutput Jdevice, This device may be

an indicator or storage medium.

Generally there are three considerations in the

salection of energy conversion circult (element). These

includes, the required characteristics, the type of
transducer technology and the force-swimming element used.
Several parameters 15 nzed to be considered when

selecting a transducer for an application. The sensitivity

of the transducer the output, usually in veolts, which it

produces for give input signal and excitation level. The

resolution 1is tLne smellest gquantity which can be measured,

and the repeatacvility indicates how closely two measurements

of the same value correspond to each other. Other things to

e congider in the characteristics of transducer

includes
accuracy ., onvironmental effect, fregquency response, dynamic




charachievicthice and the transducer should also be sble to

st ngidr, which 18 uesually ali signals sparv from  the

Principally are three typss of

fosd

temperature weasuremnsint

devices  which  includes registance  temperature detectors,

thermoooupls ard themistors. In addition to the above

three mentioned are  other  techniques for temperature

weasurement which are, quarts crystals, radiation pyvrowssters

and seniconductor senscr.
Temperature measuremnent transducey (circuit) may  be
surfanaed wounted or immersed in the tluid bLeing peasured.

1t de ilmportant that the meassurement device doess not aflect

the bempersiure of the surisce, sauch ag by conoucting heat

sway from it Often they are protected from environment by

: a Ccase.

E The project employzd semi conductor temperature sensors

. which usually detect the change in the bass - either voliage
or & transistor with temperaturs, which gives a tempersture
sengitive voltage of ahout Z.me e, The base either volitage

Vhe socordd ng to

Vbe = %‘Lln(zclg')

| K implies Poltzmem constont, T is the temperature in Kelvin,

i

i




: q is the electron charge and Ic and J& are collector current
and reverse saturation current of the transistor

; respectively. Semi conductor sensors have an accuracy of

| about 12% over the range -40 Lo +150cc.
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CHAPTER TWO — DIESIGHN

2.0. INTRODUCTION

A block diagram representation of the simple

air temperature reading device is as shown in figure j_.

Each hlock represents a stage in

arrangement. There are

Temperature sensor circuit,
Nand gate,
drivers

registers, ad displey state.

arranged in tendom such that the output of

ae  input to  the other stages.

design specification of esch stoge.

2.1. VOLGATE COMPARATOR

compare the magnitude of twe vaoltags::

device since it produces only two

states. (LOW OR HIGH). The heart

operstional amplifier. See figure ZJJL..

Let the VA,

Seneor

VAl, the snalogue output {(pin

. ey a ‘ \
digital convertor ba

voltage is
VA belng produced by a temparature sonsing
VAL, voitags

analogus produce by

converter remalns kbelow the inpun

-1

Analogue to digital converber,

Thie chapter

the whole circult
the compsrator I, %
Astable 11, latch, ;
Biwtable latch |
The stages are |

ONe BLAESs perves

covers  the

device which

disgtin

of ths

be the Voltage outzut from the tempsrature
circuit be fed into pon-inverting inpuat
14) fromn bhe

T T - e Yy Lt S
e ﬁﬁyllUd Yo RND JUVETOLUE

congTantly being compared with a

OF COMPONENTS

digital

can be used to

Peil

digital
guishable  oubtput

couperator is

{pin 7T} and

analigue  to
tnput {rin  6)
voltage
nebwerih.  As 1o0g
the

analosse Lo

snalogue voltage
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produced by the temperature sensor, then the putput of this
comparator I is HIGH, VO1. ©See gigure 241 But when the
VAl, analogue voltage produce by th analogue to digital
converter exceeds VA, input analogue voltage produced by the
temperature sension, then the output of this comparator is
LOW. VO1.

Thug the output voltage, Ve.

Vo = Ao (VA - VAl)

Ao - Is the differential gain.

Figure D.e2. shown, is the transfer characteristic of
the comparator.
2.2. ASTABLE MULTIVIBRATOR I

This is a type of logic circuit that switches back and
forth (oscillates) between two unstable output states. It
is use to provice clock signals for the BCD counter. It is
also called Free-running multivibrator 585 timer IC is the
heart of the astable multivibrator. The 555 times is
connected as an astable as shown in‘figure LA

Immediately the power is on, the capacitor Cl charges
through Rl and RZ until it reaches 2/3 vcc, then the time’s
outrut goes LOW, then the capacitor start to discharge, when
it discharges to below 1/3 vee, the timer s output goes HIGH
after a time +tl1 determined by Rl and C1. Then, the
capacitor C1 charges through Rl and R2 from 1/3 Vec until it
reaches 2/3 Vocc after which the output return LOW, after a
time tZ determined by RL, R2 and Cl, and the cycle is

repested continuously resulting into the generaion of train
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Then,
Fl = 1.44 -6
{2.2M80-+ 2(1KS-)] * 10 * 10

1.44
= 22.02
= (.0654HZ.

And period T,

The generated pulse from astable multivibrator 1

is
output from V03, pins 3.
2.4. ASTABLE MOULTIVIBRATOR 11

This is the same as astable multivibrator I, escept

that the designed value is different. The pulse generated

by this astable multivibrator II is output from pin 3, Vod.
See figure 2 é .

2.5. DEBIGN CALCULATION
FOR ASTABLE MULTIVIBRATOR ii

The frequency of

oscillation (F2) is

given by the
expression.

N R =
P22 (mrarmycz e ea-3

Duty cycle is given as ¥
D2 = R3 + R4

Rz +2R4 e €q .4
For D2 = 52.38% = Q.52

Then D2 = 0.5238 = R3 t R4

0.5238 (R2+2R4)= R2+ R4
0.04762 R4

it

0.47619R3
R4

i

9.3998R3

10
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=d Lo one of the input NAND-2, and vice-

verssa,

e —
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switches,

created using ZN425E, a

. h 2 3

- e oubput
rator 1 y03, was fed into pin B of the NAND 2. The outp

of this two NAND gates connected together waé feed 1into
another NAND gate in the 7400 IC chip. Overall output from
this chip is from pin 8 of NAND-3, VoZ, which was later fed
jpto COUNT, pin 4 of the analogue to digital converter

(ZN4Z5E).

2.7. NAND GATE

It has briefly been discussed in 2.6. It is a normal
Nand gate which take in two inputs. The two inputs are the
output from the Nand gate latch, pin 9, and the output V04,
from the astable multivibrator II. It has an output of pin

8, V02, which was fed into pin 4 of the A/D converter
(ZN425E) .

See figure 2°5..

2.8. ANALOGUE TO DIGITAL CONVERTER

Some circuit are available purely as ADC (analogue oto

digital converter) circuits while others can have a dual

function of providing ADC or DAC (Digital to analogue
converter).

The ZN424E is an eight-bit dual mode ADC/DAC utilising

an R-2R ladder network, an array of precision bipolar

sn 8 bit binary counter and a 2.5V

voltage reference a3l1ll on a single monolithic chip. Figure

In the project, analogue to digital converter was

converter was created using a
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ZN4Z58E, & comparator, M 339 and sone 1

14 pins 1C. The M 33% comparabtor is a i
which iz operated by & single voltage source.
s controlled

o

A/0 converter civrcuit

The tion of this i
1y, The 15 second wait

by the time [agbable wultivibrator
he biasing of

=

cime bebwsen senpling is zet oV rL and vl

o -
TN425E ie cshowa 1n figure 2:;% The operaticn ig  more

caoily understand by astudying the waveform Jiagram in figure

oW for a  few

When ohe  time  ounpub, Va3, goed
willisecondgs Just alver che wmain  deisy, e fallowing
actions vake plave.

{35 The control bisvanle i set, The oubput ol NAND-
7, pin 6, goes llGil,

C11) 0 wlatud pisen Rk,

AR 35 TN PR e “ o . LN R I *
{(i1iy The interasl counter in the ZNA4AZH is  reset  andd

At the end of the relatively short regative pulse from

P [ % s S g 1
the timco, the reset is cemoved

{output of asgtable wolvivibretor 11

| S—
-
]

&
5
&
=
E
by
Z
=3
=
o

s
-
@

the ZRAZGE T T

e ZR4ZEE.  The 6-bib counter accumplates counte and inside

MAZEE  the stat 44 Tk ¢

ZN4ZhE the state of the counter is converted by a resistive

‘a de DIy Y > E 3

ladder network (R-Z2R type) in a rawmp signal oubput  at  pin
FON I R N ' WA e A e Ll PLIL

“har

The ramp sizgnsl{analc i
raup signal(analogue signal), VAL, which can nave
S SN MLCh Carn nave n

—

maximum  of 255

2

S €3 TAEL S S o .
steps and a voiltage level of 2.5V, is then

compares Wit P vy O g
ompared witn ths znalcgue voltage from  the  temperature

Uv

ensor clocurt out y Vi fiiorn VA
coush cutput, VA Witen VAL exaceeds VA, then the

R S

comparator & OULPu Y 1
parator s output, Viil, goes low anc reset the pistable
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prevents any further clock

(NAND GATE LATCH) . This in turn

' and Lhe at of the
pulses being sent ©O the couniter, and wneg state

X e ) e
counter will be a digital work PPOPOttluﬂdl to the analogu

voltage.

[} 3
The f-bit digital output comes out from the ZN425E pins

5-13, except Ppin g8 pins (& - 72 and 9 is the LSB {lowest
significant bit) while pins (10-13) is the MSB (most
significent bit}. The LSB is fed into inpub pins of the 4-
bit bigtable latch and also the MSB is fed into input pins
of the seccnd 4-bhit bistable latceh.
%.2. 4-BIT BISTABLE LAICH

Trese latches zre ideally suited for use as  temporary

o

storage for binary information between vrocessing units and

input/ovtout unit.  Informations from the LSB and MSB get at

s

the dats inputs, pin (2, 3, 8 and 7) is then tranaferred to
the outputs ping (16, 16, 10 =2nd 95, when the enable (G) ie
HIGH, snd the (Q) outputs will follow the data inputs as
long ag the enable remains HIGH. When the enshle gose LOW,
the information (that was present at the data inpute at the
time the Transition cocured) is retained at the @ outputs
until the enable is permitted Lo go HIGH. There are two cf
this 4-bit bisteble ilatol usmed, one for the L8R

and the

- Eags sl Y —~ < m oy e ‘, J
other for M5B of the AU converter., ZN428F. See ficure 2}9

210, BOL-Tu- SEVEN-SEGMENSL DECODER DRIVER
Thes caircult configuration uf this stage using 7446 ICs
is as shown in igure 2:10. As shown in the figure,

two

14
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gections are invelved: [SB srnd MOB each oné decoding the BCD %

pumbers applied to ne inpats pin (7, 2 and 6) labelled

A,B,C and Db.
The uohip e & 16-pin 1C with active LOW outpute that

will drive LEDs {Geven segmenl display) through current- ;

{imiting resistors, Lo display the decimal numbers. :
o 11. DESIGH CALCULATION FOR CURRENT LIMITER RESISTOR

The 7-segrent LD dievlay 1

ey iy ~ AN DU, 2 2 .
and 2.7V Loy nevmel brighinooo.

acrose Lthe series rvesistono. Foizg egual  to different
between Yoo = BV and the fogmen. voltage of 2.°7Y

That i, Volbage acrosse B, = & -
Thus R = Z.3
10mA = 230

A P v e e . cm
A standard vaive of R = 229 was used

R = 220 {(Desired value).

™

6 U ATE TTEMEER AT TR TN
.12, THE AIR IEMPERATURE SENZCR CIRCULT

The 3113 $ 4 2 g s :
The ¢ircouit diagran ies shown in figwure 2:11 The air
temperature senso
Lemperatan sensor uses o forward bisso R
L8 f rward bHisged =ilicon diode ie
=3 =ilivon diode which
is supplied with 2 constant
led win a2 constant currvant frog X i
roocurT et wwm Tr.  The chan i
. The chandes in
temperature -1
) iPE?Ir:;,LuIe causae the '\F\;}'}_taé‘)“e By e 't-"f"" diade + ;
soross the diode o drop by
shout Znb, .
But  viw Lorword voloage Jdoop i BOOrY s oellminoted t
O S IS { VRV b i ol O
mixing tope diode @ilgnal witl
a Lo dilode  Silgnal with o a.d.e teveael of 3 {
L2 level  of wposina
potarity from U SRFY i
Ly £y e Juncuion of hoand B
. ston of rd oand BV {the  vapiab]
L L lie JEPLADLE
resigior ).

!I_[]G ir;\r(;; i e e . .
cating  Op-emo  carouit thews  tives  an outpat
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f but .

inserling

To = {Q 76 - Q,‘i‘)v
0.85 + 1.) KSL
(Tf,()

7'? ol ‘;}'»Cii‘:;'

1.006667 KL

i

0.059TmA
= (.06mA

Therefore

i1
e
03

Ib

v
B R R ) n;Pj
e

N
[}
P

itﬁuy r;LLA-‘ 2

Ior

WoLLad e

EVi o B
Rvl + RZQ

1 X
.8 4+ 1 Q. TAV

Y

Therefor:

0. 76V
10K 5

= OL.078mA
-~ 0. CG8mA
Similarly, ¢

IRER = T = 0.068mA.

g B .
U

urrvent flowing

IHE UF - AdP. BIASING.

the mexinuie flowing through K24, w

througt ZLE

a’'ve

mazinun voltage

across RVl)
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Therefore

IRZ5 + IRZ24 = 1

i

i (0.08 + C.06)mA

O.14mA.

t

The voltage output from this summing inverting amplifier,

supply

12v

has

for

VA is
VA = R27 X VR24 - RZ7 = VRZH
24 RZ5
= 390 ®x 0.Y6 -~ 330 x 0.6
10 10
VA = (28.64 -~ Z3.4)V.
= 6.24V.
Z.14. POWER SUPPLY UNIT
The comnecticn of the dual voltage 35V  power
used in Lhis project work is shown in figure °l2. A
center tap transformer was used. The outputs from this
transformer was fed into the bridge rectifier. As it
been shown in the figure, some capacitors were used
filtering to remove ripples. The 7805 was used as

voltage regulator and 7905 as -5V voltage regulator.

The bridge rectifier used is DX, DB 600. Also
capacitors used are
CE = ZZOQPF, 25V

= €10 =

18
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CHAPTER THRER

THE CONSTRUCTION AND TESTING

The circuit was constructed by soldering the various
components on the Vero board (etrip board) using the circuit
diagram of figure 3.0. The soldering of the components were
done stage by stage (that is in nodules), testing before
proceeding to the nexi, wWas carried out at each stages.
Except for the snalogue toO digital converter IC chip, all
other IC <chips were not incorporated using IC sockets
already soldered on the beoard.

A1l componente used was powered using the 45V rail of
the power supply unit with the excevtion of the air
temperature sensing circuit which was operated using the +5V
rail of the power supply unit. The +5V dual voltage supply
was obtained by soldering +5HV voltage regulator IC (7808)
and -BV voltage regulator IC (7905) on the board with +12V
center tap, applied to its inpute pins and the output pins
were connected to the +5V and -5V rail respectively.

The air temperature sensing circuit was soldered as
patterned in the figure 3.0. The operational amplifier used
in the sensing cilrcuit is acting as summing inverting
amplifier. The output at this stage comes out from pin 7 of
the op-amp, VA. The comparator circuit was then esoldered.
At the end of the soldering, the output from the sensing
circuit, VA and output from pin 14 of +the analogue to

digital converter, VAl were soldered to the non-inverting,

18
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i i vin 6 - he comparator.
pin 7 and tc the inverting, pin 6 of the comp

woe the soldering of the two astable

The next etage
aultivibrator, and a wulbimeter WwWas used to test the
continuity snd digcontinuivy of certain puints on the board.
The circuit wae tested with pin 8 and pin 4 of the 555 Timer
v the +5Y  rail and the resulting generated pulses were
displayved on the oscilloscope. and the amplitude and
frequency of ths pulse were chsurved chrough the scops. The
two setobie multivibrator were biased differently at
adirffersit iroguerncy.

The  MAND  JATES circult was  ascldered nemt, and  the

outpuis of the twe cotoble muliivikbrator and couparalor were

mpplicd Lo pios §, 10 and L oof Lihe NAND JATES (CE V4000UN;.

[N

Thie clreuwil nas ito purnpul from pin &, Ve,

The aoalogue to digitald converter circuit was the next
stage that wag wsoldered. The output from the astable
moeltivabrator 1, VO3, was applisd to the reset input of this
circuit. Similariy to thie coutl input of this circuit, the
catpat from the Neond gats circut, pla B was applied. This
circeurt nas ite cutput s digital from pin 5 - 13 except pin
8.

The 4 bit khistuble latch circuit was soldered next.
There are two of it. Une is for Lower Significant kit and
the other is Tor High significent nsxt. Pin 4 and pin 13 of
each cirouliL were goldered in cascading and the cutput from
pin 9 of the nend gt clroult was fed iato it, to enable
the circulio. e digital oulput frowm the analogues to

digital ocooverlLer was applied o the inputs of  these

a0
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g

circuite accordingly. These circuits also have their own
putputs that was applied to the next stage.

The decoder driver circuits was soldered next. The
outputs of the last stage was applied into the inputs of
this circuits. There are seven outruts from each circuit.

Succeeded the last stage is the soldering of the 7-
segments displays. Each seven outputs from each circuit of
the last stage were applied to (a ~ g) inpukts of each
display.

Teéﬁng in this project was carried out effectively and
in the cause of this process some IC chips got burnt and

were replaced.

=3
[
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CHAPTER FOUR

CONCLUSION

The design and construction of a simple digital air
temperature reading device hss been presented in this
project. It has the ability to sense the air temperature,
which is in an analogue form then it is converted into
digital bils for easy display on the seven segment display.
The result got is easily readable unlike using c¢linical and
mercury home thermometers which required more time before
one could get the acceptable result of the surrounding.

This project is quite important, for it could ke used
in weather forscasting, 1in laboratories just to mention but

few.
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TABLE Il: COGT ANALYSIS

' NO. :DESCRIPTION OF COMPONENTS: QTY :

e e o @ e e s e e i o i s v o o e e e

:RESISTOR

:CAPACITORS (LARGE)
353 op. anp

1ZN4Z5E

555 TIMEER

17475 LATCH

;7446 DRIVER

1 7-SEGHMENT DISPLAY

: 339 COMPARATOR

: 7400 NAND GATES

:BC 182 TRANSISTOR
:IN4148 DIODE

:7805 (+5V ) REGULATOR
7905 (-5V) REGULATOR
:VERO BOAERD

:LED

:CAPACITOR (SMALL)
112V CENTER TAP TRANS-

FORMER

113A FUSE PLUG
:POTENTLOMETEE (1K )
. :BRIDGE RECTIFIER

-

24

: é?

UNIT PRICE

:TOTAL COBT

N N

3.00 31.00
2 25.00 50.00
1 25.00 25.00
1 200.00 200.00
2 35.00 76.00
2 30.00 60.00
“ 30.00 €0.00
1 35.00 70.00
1 35.00 36.00
1 30.00 30.00
i 25.00 25.00
2 10.00 20.00
1 25.00 28.00
1 265.00 25.00
1 1C0.00 100.00
1 2.00 2.00
g 4.00 36.00
1 6000 60.00
1 15.00 16.00
1 .00 6.00
1 15.00 i5.00

TOTAL =
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ANALYSIS OF OPERATICN OF THE 595 TIMER &5 AN
ASTABLE MULYL1VIBRATGR

configuration of the BSB timer is as shown

The external oircuits consiste of de voltage sarply,

gtor RA and RBE and capacitor C. The basis of the

Veo, regl

pehn and resets inputs
Lwiy comparators senss  the
Tl vwo comparstors use

cne -thiyvd and two-third of

the power suoeply voltzgs, tiniiy  the capacitor

the flip-Tlop, which in turn

At this yoint comparator &

caugses the Lransiogtor (T) to ssturate. The capacitor then

etorte  Ciechargzing throvgh FB snd T until it reaches VYmin =

agmy

it o Lriggers comparatcer R, resetting

? the flip flop snd complets o cyolo.  The 2C1hor begine Lo
; T : S s s

Ue-onarge andg Lhe Prodesn repaests iteelf nrinition with the
‘

] cepazitor petesers 100 Voo and 243 Ve,

.-DEIHSZ&ELQN CF FREQUENCY OF OSCILLATION AND LUTY CYOLE

is

o

Iy T o . . -~ F-—— N 1 ’
Lz shown i the sketeh given in figure A, the cutpu

St i BB i o

13 ST S T : 5 .
HIGH »e ibe capsciter changes through PA and FB  initial

| viltage of 177 Voo to 2/3 Veeo.
; asswne

Lo time the output is HIGH

s a0 AR i e 5

R0 SRSt S g S g

Absiania g
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V = voltage across the capacitor
_t/RC
¥V = Vee - (Vee - 1/3 Veo)
Rt = RA + EB
As t = t1 V = 273 Voo
_tl/RC
273 Ve = Vee - (Vee - 1/3 Vea)
_t1/RC
(Vee ~ 1/3 Vee) e = Vee - 2/3 Veco.
-t1/RC
273 Vecec e = 1/3 Vco
-t1/Re
Ze = 1

tl = CRiIn2 ; K = (RA 4+ RBj

Also assume,

t2 = time bthe output is LOW
~4 /RC
V=0 - (0 - 2/3 Vecje

At v = 22, V = 1/3 Voo

~t2/RC
1/3 Vee = 2/3 Vec e
~t2/RC
1= Ze ; R = KB

t 2 =CR InZ ; R = RB
Tetal time T = T1 + L2 = period.
t1 = C(RA + RB)InZ2

2

i

C (REB) InZ
T = C InZ (RA + RB + RBj)

m
4.

¥

C(RA + ZRB) 1n2
= 0.0893 C(RA + 2RB;
f = frequency of Oscillation.

. N
= reriod

that is £ = __1.__
T

()

™
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Thus

uty cycle

1
( 3 (RA + ZRB)C
= 1.44
+ ZER)C

]

i

C(RA + RE)InZ
C{(RA + ZRB)ind

:.Eﬁ-?-RE
RA + ZRB.

e
o
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