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guantity . In this case D (for the parallel equivalent (; ’i""ulh'm Cirey
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- (see Section 7-4)
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When measuring low values of resistance or inducta |
: - - . i = . s . - ; I"-P‘_ I ”-
ing clips should first be shorted together and the residual R ;-“lilu-;r,
. ) < £ n, e LLL 0 Or {, ve .
I:mrd (s indicated digitally). These values should then be subi ;dh”j
a0 - subtracted frop
t}" measured value of the component. When measuring low ¢ - i
I;. lt sunecting clips should first be placed as close together as tlul | ikt
ol the o amvs e il : da e Lerming
The | I%"“m"m" 1o be measured (i.¢., without connecting the com o
1€ inonci wicliial canacitance | onent
indicated residual capacitance is noted and then subtracted f]- )
measured component capacitance. . from the
RF[UI'H | ‘| y AU o 0
1D Figure 10-13(a) and assume that a capacitor 18 connected
place of the inductor. The measured ¢ N C1tor 18 connected |
wefixed | stor. The measured quantity is displayed as an inductanc
chxed o . S ot . LT
| ed by a negative sign on the LCR meter 1n Figure 10-14, The
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l,"ur an iT‘I = sl d
dicated inductance of 100 mH, and a measuring {requency df

| kMz,

el ay | = (),2!

(27 % 1 kHz)" % 100 mH
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tance can be measured as YAC hen It F
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REVIEW

10-1. Sketch the block diagram of a time |
: e base

10-2,

103,

10-4.

10-5.

10-6.

10-7.

10-8.

10-9.

10-10.

10-11.

10-12.

10-13,

10-14,

r}lJl1|"rJT ii ,'f"'.! lt ) L'Pf "il! il oA

frequency meter. Starting with a 1-MH xl‘_.r-iltrr-.'* for a digital
r ! ot L Crvatal conter “;d - :
. LEC] {ﬁj”a_

tor, show the ume periods of the
P iods o) the output waveforms :
points in the system. Briefly explain put wavelormms at various
If the time b | |
& s base system in Ouest;
replaced with 2 f‘:"'r"’r-“\vﬂ I?Iu"ffﬁﬂ:”“ l“!-l T
i3] - oscullator, caloulate 1k A : :
at cach output terrminal, iy
A square wave 14 ; '
; ] idl’.. Wave 1 applied 1o a digital frequency meter that
qua | : sCUenCY Tmete r e
1me m‘ar ‘t.UIl.‘-slHHFIE_ of a 1-MHz clock generator which ha ,f
oult ac : fine ' i
;I put divided by decade counters, Determine the meter inditat’r;
X : - | - i : = il £ e ALY
wher: (a) the square wave frequency is 5 kHz and the time base
C¥ el - J
LSES BIX clf_r.ddf,. counters, (b) the square wave frequency is 2.9 kiz
and the time base uses five decade counters : - X

Explain the functic a lz ;

“]l i fJ'n tion f.:-1|‘ a latch and a display-enable control as
used with a frequency counter

Sketch the block diagram of a digital frequency meter. Also sketch
the %‘t’a‘-'f?[ﬂrﬂ’lﬁ at various points in the system, and carefully
explain the system operation, |
A frequency meter with a stated accuracy of £1 count x(1 X
1077) is used to measure frequencies of 30 Hz. 30 MHz, and 300
MHz. Calculate the percentage measurement €rror in each case.

Sketch a block diagram of the input stages of a digital frequency
meter arranged for reciprocal counting. Explain the system opera-
L1on.

The frequency meter in Question 10-6 is rearranged for reciprocal
counting. Calculate the percentage ervor that occurs when a 30-Hz
frequency 1s measured on this system.

Explain how time period and frequency catio can be measured on
a digital frequency meter, Use illustrations i your explanation.
Using |lustrations, discuss the need for an nput amplifier /at-

with a digital frequency meter. Explain the situation

tenuator stage \ _
required 1o avoid

where (a) amplification and (b) attenuation 15

CrTors. . :
Sketch the circuit of an IC op-amp Miller integrator. Briefly

explain the circuit operation, and sketch input and output wave:

forms.
Sketch the circuit of a dual-slope integrater. Sketch the }vavcfnrzdns
that occur at the yarious points throughout the circuit. identily

each part of the circuit, and carefully explain the circuit operation.
A dual-slope integrator, as shown in Figure 10-9, has a square

wave input with each half-cyele equivalent 1o 1563 clock pulses.

The clock output frequency 18
10-10), 1000 puls
required level of re

Show that gmall drifts in €
dual-slope nte

{ MHz. During time {, (in Figure

s are to represent =1V Calculate the

ference current,
clock frequency have little eftect on the

accuracy of a grator system for use with a digital

voltmeter,
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H4l Sketeh the oy

g, Sketchoa ek

a6 Sketch the clrcnit of A trae

a.47. Bketwch the cire ait of @ true g meter NI

B, Two wavelorms display

At Sketch a clirewit Lo shiow how curprents «

(50 Sketch the cirouit ol a choppet stabihized ©

ANALCYC FLYCYRONIC (NS
i :i_'1|..

Cant ol wn electranie voltmete UElNE & ||
' [ '.I'|||,
Al |II

current ponverniet with fullwave re thcation, 1 -‘-]¢|.||n i
"i”l-ir'rll

ol the cirt 11l

14 Wheteh o hall bridge (ullowave rectifier cirouit with de Bl
VU R

CAPACILONS, As ased with an electroni volumeter, Explain 1
1 I||,|,|||I.

uprl'niirrn
detec taor Cire Ui Jor v with o |nr;|.}r, response elect

’ T
Shiow the voltage wavelorms ar the points throughou i

voltmietet
(1t I'lﬂlh‘“"“- I Hacuss the need for ty [
' i

olpensit, and explain

detector probe
FENA el LEnie voltineter using them

rt'nll'rit‘&. Faplain the aperation of the circul!
A 'IHH"I" renior nonlin

ear cireuit, Bxplain the aperation of the cir it

el on an oscplloscope haswve their rmy vl

measured on three different ac voltmeters, The wavelorms are; (i)

dne wive with amplitude of o0 V peak-topeak, and (b) & pulk
witve with peak voltage of 20 V, pulse width of 2 ms, and L
s, Determine the indi ated voltage for each wiwvelom

el ened of !
(riament, (2) a fuallwave

when measured on: (1) @ peak responsc 1ns

eectifier insteament, (3) & true s voltmeter,
i l.ﬂ‘:‘ llu'nrnu-rrl {1 il Anaig

electronic voltmeter. Briefly explan,
leetronie yoltmetes Shn

the voltage wavelorms il various points in e eircuit, and expis

the clreuit operation.
L] ! . |
#81, Discuss procedures and precautions for usin
{or measurement of | (a) viltage, (b) pesIntance,

M electronit yOMIEa

and () d i

BASICS OF
DIGITAL INSTRUMENTS

e e 1

INTRODUCTION

l’_-l
IRANSISTOR
WIHCHING

Before the operation, performance, and applications of digital instruments

can be studied, a basic understanding of digital counting circuits must be
achieved, These involve the use of the transistor as a switch, in which it 18

either on {conducting) or off (nol conducting). Transistors and diodes are
The flip flop 1 bamcally a

connected o form logle pates and flip flops,

iwatransistor circuit that has two states: Q, on and 0, off, or 0, off and
(), on, One flip Hop may he wused to count up to 2, and a cascade of four
{lip flops can count to 16, Four flip flops may also be connected as @
decade counter or scale-of-ten. Three decade counters and one additional
flip fHop may by cascaded to count 1o J000. As well as counting, digital
cireults must be able to display the count. Seven-segment light-ernitting-

diode (LED) displays and Iir,luic.i-rr'?'ul.;ll (LLCD) displays are available for

this purpose.

¢ discussed in Chapter i all function as fnear
he collector curvent

and in every case {
relation o the base current.

e voltage at its
equal 0 the
o saturated

e transistors in the cireult
devices, Fach transistor is binsed on,

aned voltage increase and decrense linearly i
switched off by providing # reve
by mnking the base l.mtcrnli;_al
¢ cun be switched on Into

A transistor can also be
Bise-emitter jum'tiun, or ﬁiltll'lhr'
emitter voltage, Similarly, a [EANAISLO

259
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WASICS CF DCIT

! ALANSTRUMpp,
| s
I l
< Ry Ll
i I I ) ="
iv ﬂ
1
f i | () Laophe syl
* > o for AN gt
l{ X fl'l
{ A
| l" ,‘ " ‘T
.. li; I-q hll ()

: lh
Lsitil :

(&) Ctreait diagram o AN pale

HGURE 920 Cireult of a threednput diode AND pate and logic symbeol o
the AND gale,

Figure 9-2(h) shows the graphic symbaol employed 1o represent al
AND gate in logie systerm dingrams,

A threednput diode O gate anted it logic symbol are shown 1 Figur
0.4 1t ix obvious Trom the gate e uit that the ontpul % fr'|1_| when all ”H;:
inputs are at ground level, (f a %V input is applied 1o 1”_””””1 .'1.. "‘::Tr,‘.
s forward biased, and V. becomes (5 VY Vi) 1 terminals O an :

| 0
A |" -‘
] b= _"__
I,
” |II.I|HI~. o | |
' [ | .
* “J
‘ * . -
; [y
I | “"} l-llp‘lll l."'lnljill
1; Lor ()L gate
I

D

(o) Clireuit dingram for OR gate

1lll 0!

§ .|"I'|l
HGURE 949, Cireult of a three-inpit diode OR gate and loglc *Y
the OR gate,

}JF—"-:

erC. 952, BANIC LOGIE GATES T

P“"""h'tl pt i e, diodes 1) weud f-"-, wre peverse biased Trstead of
termiinal A, the positive Jnpot might be applied w terminal B or € 1o
ghtadn o positive oul it voltiage. A figh outpnt voltage s obtoned from an
O gate, when @ high Input s spplied 1o wemingd A, OR o terminal A
O o terminal G5 henee the name OR gate. As in the case of the AN
gate, an L gate mny have only two or & geest many gt tevminds

An already r“l*’i"i“"l- a diode AND gate han a low voltage el
when one or more of i inputs are low, and & high output when sl inputs
nre Ili[l‘,h “ W LEAnNsIsior IR Camnes 'I'r1| 10 nven ||+" h‘*H]nH u* 'rh*' f‘.l'”l H:Hr'
‘IIHIH””‘ e4(n)], the tranastor Gutput i hiph when one e more of the AND
gite inputs are low, and fow when sll AND gate inputs are high, Used in
(his fashion, the inverting stage s termed a NOT gate, The combanstuon ol
the NOCYT gt and the AN gate 15 then referred 1o as & NOT-AND yate,
ar NAND gate,

|"1|{IJI'F' 4 '”-I] ".IIHW'i nr Hl!r']..i:f;-lli'll Circun rﬁurfr Ereanisinlor fur.fr-f I'”'ff,_.*
NANL gate ””“I"?"""i ol a diode ANL gate and A& transstor wioerier H1~

ANII gate ol ROXT gt -
1 i _,_,,l-*'.! T ER',
| ”
:J_- I, : 3 ,
:' 'I' : .
i
: =4}
: +
' |
‘I f'} I-I' f" |
2y \ : ‘ : :
: sl
L . TL -1 L] t—‘H‘ - . _f {“' ;
: ¥ ]
L'il -"| [ :4|,-'“1'- - i“ - I
Dl : i "
— ¥ : "%
) et ey ¥ |
[y : 10k f
i 1. 1 -
'.
I
|
I

--.u.r.————'-""ﬂ}hn " g v

() DVTL NANIL) gite

l .4—---4

'.‘ I—— e

3} —

(b) Lawae symhol far NANL gate I
mbol,
ansistor NAND gate and logic 3y

MGURE 944, Diode tr




D.. ;_')__ .El.ﬁ'::‘- ;P?r_: Q:;—,w__g.-ifdft the AND galc. 1The INVETter s frae

canssor @, with \oad resistor R; and bias resistor R When
rerrranals are 3t sround level, the voltage at point X = the volt
soross the 1mput dodes (e, ¥V, = Fp). If diodes D,

S Ty I
Laed A T

a Wy -

1
¥
i

For shoon GEVIOES,

V., = 0.7 V-0.7V—-07V
= =07 V.

Thereiore, when any one mput o the NAND gate is at 0 V, O, & b=
off and the output voltage is V-

Suppose all inputs to the NAND gate arc made sufficiently posioe
reverse-bias D,. D, and D,. Now V, depends upon the values of &; =
R,. and upon the levels of Vo and — V5. If these quangties 2% =
correctly selected, 1 & positve at this ime. (0, is dnven nto a::.ﬁf
and the output voltage goes 1© Vegia When any one mnput 10 the ‘:‘L_
gate is 2t logic 0, the gate output s at 1. When input 4 AND input 5 25
mput C are at 1, the output of the NAND gate is level 0. .

The logic symbol employed for 2 NAND gate is shown 10 ?‘.5:'-‘
9.4(%). The symbol is smply thatof 2 AND gate with 2 small circie 31 =
output to indicate that the output voltage is inverted. !

A transisior mverter (or NOT gate) connected at the ouP —
positive logic OR gate produces a zero output when any one of TF ‘r
is positive. The arouit is termed 2 NOT-OR gate or NOR gate- & ©

srapsistor NOR. gate is shown in Figure 9-5(a), with its logic “ﬂva
Figure 2-5(b). As in the case of the NAND gate, a small circle 15 cmPT
w0 demiote the polarity inversion at the output. L el

The above brief introduction 1o logic gates refers only to #9¢ ",
ol 7L, crvacits There are several other families of 10gic &5
example, transistor transisior logic (TTL), amitier coupled logic | ECL): ",
complementary MOSFET lngic (CMOS). Each type bas i 00 P
advartages and disadvantages. To study the operation of digits!
ments, only an understanding of basic logic gates is requir ed.

aric®™ |

9-3
THE FLIP-FLOP

-3
Circuit
Operation

__#

THE FLIP-FLOP

- OR gate —

—— ?\:r_-tT Talre N
| - + }
|
i

D, .
= 5
D'——_”’“__'_"l § R
D, :
o l_ .
La * | ;
D, !
o = & N :
R,
L0t

[&]
u-
L1

(2) DTL NOR gate

(b) Logic symbol for NOR gate

FIGURE 9-5. Diode transistor NOR gate and logic symbol.

The flip-flop or histable multivibrator circuit in Figure 2-6(a) has two stable
states. Either Q, is on and @, is off; or Q15 o and Q, is biased off- The
circuit is completely symmetrical. Load resistors R, and R, are equal,
and potential dividers (R,, R;) and (&;, R;) form similar bias networks
at the transistor bases. Each transistor base is biased from the Lﬂl}tﬁf}r of
the other device. When either transistor is o7, the other transistor is biased
off. .
Consider the condition of the circuit when @ 15.en and Q , is off- With
0, off, there is no collector current flowing through Rza- Therefore, as
shown in Figure 9-6(b), Ry2, Ry, and R, can be treated a5 2 potential
divider biasing @, base from supply voltages For and — Vg With &, onin

; and R| and R; bias Vg below
grvlmd%‘-'da Ql s ﬂ.ﬁ"

saturation. its collector voltage s Fegans 30
ground level. Since the emitters of the transistors are
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SEC. -3, THE FLIP-FLOP

The voltage levels indicated in Fizure 9-6(a) are cusily deteringd by
analyzing the aircuit. The level of collector - et (7. ; -.. fw 0.
to be on in saturation can be calculated from ¥ ~and R, .. For this '-"‘LL!Tt.;'l"[
to flow, [ﬁ_flr,”f,!] must be greater than Iy, |see Fa'urr 9-6(b)]. Also
the voltage at the base of Q , can be determined from R}, R, and ¥

I'_
as- Var
must be below the level of the transistor emitter voltage for Q, o

IDbt‘rr'

TN}TE‘-‘ AMEL =
T mga
jl,\‘l : l-I -
Ry 2.7k02 2.7 kD
- .
1
r ! ! |
+ 4 3V—» l -
: R, G-1
o — - PLE
R"% = 2\ o g!i-._u EXAM
S | e -4+ 2§ E
i kﬂq 0, 0,
ON OFF

+QTV— IN3904 N394 +— T -—

B3 @ =

{a) Basic flip-flop circuit

+ V-
.0 4

(b} Q@ on, @, off

AGURE 9-6. Basic circuit of flip-flop or bistable multivibrator and qre
condition when Q, is on and Q, is off.

The circuit can remain in this condition (Q, on, Q, off ) indefinitely: r
Q, is triggered off, O, switches on, and remains on with its base bl-":’”]

Ry R{, and R). At this time, the base of @, is biased negatively " +
collector. Thus Q, remains off and Q , remains on indefinitely. Th¢

{ ¥
voltage at each collector is Augh (logic 1) when the transistor is off, 31
{logic 0) when on.

{‘rtl'-’r“"'

Using the resistor values and cupnh valtages shown, calculate the mransic
tor base and collector voltages in the ﬂlp—ﬂ@p circutt in Figure 9-6(3). The
transistors each have a minimum current gain - = 70

SQLUTION

Assume Q ; 15 on and refer to Figwre 9-6(5):

Vay = Vae = 0.7 V ( for a silicon fransustor ),
Vaa = Vo, — Vs
=07V-(-3V)
= 5.1V.
: Vga 33V
2 TR 2Rl
= 211 pA
Va2 + P = Voo = Va
=5V—-07V
=43V
baea Van 13

= 243 uA,
I, = (% + 1) — I,
= 243 uA — 211 pA
= 32 uA,
Ie = hesly
= 70 X 32 uA

2 24 mA,

for saturation,
I:—:;; & l;‘fiﬂﬂl
Iﬂmin! R;,
} =02V

Il

i
-4
.
o

78 mA,

i
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hdn = [ (min), thevefore O, 1y vaturated

Wuh O saturaled,

= I 4 - i
Vr:l B TT L 02V (”-" -"HH?HHFH;')

w4 Vary * Vir = Vi
02V =(=HV)
- 52V,
- a2
i+ R, 15 k2 + 27 kil

= 124 pA,
oy = LRG = 124 pA % 15 kil

- | .86V,
Vi, = ¥ Vis
=02V~ 186V
w «1.66V (as dlustrated ),
Vory = Vg = Vg
- =166V - ()
- « 166V, 0, i biased off.
With ) , o],
Iy #= ()
and Lura ™ ‘f; t 1))
= 243 A
Viz = Voo = Tupalyz
w 5V = (245 uA % 2.7 ki)

o 4.4V (w tlustrated ).

F f |
a::;n:r; 1!! ':::}} 1hf.il t'hp u-flir:-,lm voltage of the on (ral sistor 19 t;..{
el 'un';'v t:fumal:.n s 4.3 V. Also, the base w’l“”f:r ol li:‘

Although () “ﬂr, while that at the base of the gff transistor 1% | ;-*:
ithonigh 0, in shown as om and 0., as off in Vigure 9-6, Qe

U df
(hwr
Nomws () > . |
kmm'&t wffﬂm;'l wld r.-i:, i i”“”ll“ ‘."{}[Hj are ﬂf_'.’ﬂl 13
and € ating cafacitors oF memimy capaciiors. The voltages &0
etermmined from the eollector and base yoltages

yalue and *
H l'

A

932
Hip-Hop
[riggering

GiC @8 THEFLIILOP

Y

lated in Example 91

Ly = Vg = Vi
« 49NV ~0,1TY
YOV
L = Voy = Vi
=02V~ (=166V)
« | BHYV

I can be stated that the voltage on Phie copme o crmneeted (o the base of
thie on trangistor 18 5.0 V. and that on the capacitor connes peed 1y thie bise of
the aff transistor 18 | 1)
when the {lipdlop is to e trigpered from one state 1o arenhict

V. These capacitor voltage levels are imiportant

and [, together with capacitor £
s o and O, 18 off. "This means

{n Figure 9:7(n) diodes D), 1),
constitule a triggering circuil, Note that O,
(hat the voltage across ¢, 36V, and that on C, s 1.8 Y, as cletermined
above. Alw note thint the collecton 'mlla_Il.{f‘ o Uf,
and that of O, 18 approximately Vi =85V When the trigger gt
yoltage is 45V, [}y in Feverse biased, and D, and 1), are peither forwiard
nor reverse biased, At this Ume there iy no charge on G

Naw consider what happens when the trigger Inpul voltaye suddenly
goes fram 5V 1o 0, 1 he junetion of the three dicules 1s Mﬂ””’f Il’““"“*'i
dewn by AV = Y, as (strated, £, 0 harges quickly, 8 thast @ niegative-
y oeeurs at the cattiodes of Dy and D, and the

i approsimately ze0,

going voltage spike actuall
anode of 1), AL the ik of this spike, (he cathodes of ), and L}; are
t Vo ® 1) V., 1), is nal (arward biased at s
serd when ita cathode i pulleed 1o 0V, arsd
y (4,7 V above grr_n.lnrl

0 V. Since the anode of 1, 1s @
time, However, [ 18 (opwinrd b

i pulls the collector of 4 down 1o uppr:mim-t!ri

lf‘l’frl ii.‘u" “'*u. ("l ;:.' II’I'II.‘II Ir‘i '[, U_ . l‘lllrfir_l'" th-l"‘ IJI‘H‘ I"i (J’I lt‘ lnlt}"“l

G IR
Vi = Vi = B
T A VAR K
- =289V

the spike voltage il the
4V, the eollector and base voHages
« 36V, 9,
s, (the formerly off )
wwitches an, 18 collector voltage
base 0 b Hitaseed baechesw

At this instant, both & and ), are biased off - A8

cathodes of 1), and 125 Pses towards 4 o :
ise, Becanse Epy = L0 vV and Ly

(are (), base gots there, |
As soum as ¢4
This causes ¢,

of both transistors ilso |
bisss rises above ground be
0, wwitches on before Uy
drops 1o approgimately 2650
gromnd level via and 1,
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1||‘|f ; 90) I ”JHHLJ\-L‘*.I:,

v lm.. = +5Y\

Trigger = +5V
Input
-'-__-___"l_'.'i

(b) Logc symbol for toggled (lip-flop

SAs, : |.
FIGURE 9-7. Triggered (or toggled) flip-flop circuil and logic symbo

it is seen that the action of the negative-going spike Ca”jﬁ:}_ﬂf
switch from off to on and @, to switch from on to off. Wht‘.l': 5%.'-’“;!1%5?}
occurs, E., becomes 1.86 V and E., becomes 3.6 V. Now, e
negative-going spike would switch Q, on and @ , off again. B?f‘?rf dﬂ -
negative spike can be generated C, must be discharged. This 15‘ h?uf‘-‘ i
diode D, as the trigger input returns to 45 V. At this instant the ¢ e
Gyl on the left, — on the right) forwdrd biases:D,, and a elifptd P>
spike 15 generated, as illustrated in Figure 9-7(a). v and

Note that the trigger input voltage levels in Figure 9-7(3) ¢ go tH
+5 V) are the same as the flip-flop (output) collector voltag®

1 . - i = i )
triggering input can be derived as an output from a similar [P
circuit,

SEC. 9-3. THE FLIP-FLOP

Figure 9-7(b) shows the logic symbol for a fri

: P eved (or logeled ) flip-flop.
The terminals identified as 0 and £8 geled ) thip-tiop

: . () are the outputs from the transistor
collectors. The toggle input (7)) has a small aircle to indicate that

negative-going inputs are required for triggering. Other flip-flops which
trigger on posiive-going inputs would not have a circle at the 7 input.

In Figure 9-8(a) two additional diodes and a capacitor are shown
connected to each transistor base in the flip-flop circuit. A negative input
spike applied via U pulls the cathode of D, down and causes the base of
Q, to be pulled below ground. Thus, @, is set to its off condition, and

O+ l'cc
Ry i Dy R;»
Dy D,
P I\ §—
-{fr O Trigger
Ca
I 1
t :
R| % T Cl C: :.l: § R:
+ < ‘/Ql Qg + 4—
D, ¥ é H g *D,
l RESET
= = Lo
Lo )
oM
n5! BS !D?

(2) Flip-flop with SET and RESET inputs, in addition
to the trigger (or togele) input

(b) Logic symbal for RST flip-flop

i - SET-TOGGLE flip-flop.
FIGURE 9-8. Circuit and logic symbol of RESET SET

N P



B";ElrE 'f."; I‘”rli"] 1

;FT’:" L E[url,l...:"
Emﬂld?' 2; i on. If O, was already off, the input via Cy has 0.

bnmlﬂi farty, @ negative spike o 0, base via C, and D, causes ) _ 4, witeh o
| @, 1o g0 M Omce again, i the t.rarxi_rn'trjn were alreadsy -
condnon, the input 10 C:. has no cffect. Diodes fl and D). (like diod

+ I

F

fischarge the CApacitorns when the negative inputs retum to the .-

jevels :
When (0, 1 4ff, sty conllector voltage output 18 ( Aigh ) logic 1, and 0

o with its output (loew) logic 0. I thas condition i idl!’:rjf‘;f:r:d a8 2 de
snirial condition for the flip-flop, it s referred Itrjpa_c:. aSET 'f_urid:'_.:u.rl "
el el at C, identified as the SE7T nput. .! }.w other in,
sereminal (1o C, ) which rescts the I'Inp-flup"r;ut of its SET condition
wermed the RESET input. Instead of RESET, the term CLEAR & s,
tines used. The triggening input, which aa_alrr:d,df; dl.-':'l'_'u_:-:f:d_ COntinmst
causes the ﬂip-ﬂ‘)'p 1o change stale, i% vanqu;':,ly identified ;f.'- TRIGGEY
TOGGLE. or CLOCK mput. A flip-flop "r'-'hlf.’lrl has RESET, SET. 2/
TOGGLE input terminals s known as an RST flip-flop, or as a clocked &
ﬁ#f;’:;lrt 9.8(b) shows the logic symbol for an RST flip-flop L
Figare 9-7(b), the B, S, and T input terminals each have 8 xrru:.ll circle 1
show that negative-going input voltages are required for triggering.

The schematic diagram of four flip-flops (FF) connected in cascace

shown in Figure 9-9, Negative-going input pulses are applied to FF 1 ve

coupling capacitor C,, Each time an input pulse is applied, FF 1 chang=

- Nt 7 -

I Peu— 1T ) 7 S - Flepdlop 5

HGURE 99. four flip-flops conneded in cascade. Fip-flop 7 Lr
iriggered by the output of F51. F53 is triggered by £F2, and FF4 is 10BE0
3.

F2) *
ed

SEC. 9-4. COUNTING CIRCUITS

5

state. The tniggenng circuit for FF 2 & coupled viz carae ‘
* coupled via capacitor C, 10

transistor Q.'r in FF 1. When ’,"J_! switches off, 1ts collector voltage ries
applying a positive voltage step 1o C,. Since 2 negative-going '.*r;ltagt u
required to trigger these flip-flops (see Section 9.3). FF 2 i rot affected by
the positive-going voltage. When 0, switches o, its eollector voltage drop'.;.
thus applying a negative voltage step 1o FF 2 via C s This negative vol!.agr;
change triggers FF 2. In a similar way, FF 3 is triggered from FF 2. and
FF 4 15 triggered from FF 3. It is seen that each flip-flop is triggered from
each preceding stage,

The four-stage cascade in Figure 99 s represented by the logic
diagram in Figure 9-10. The vanous combinations of flip-flop states that

Logic Diagram

Truth Table

[ y count Céxanl
LY e Oy L7 =
. 0 0 0 B000 0
) 2
0 0 I 0 0010
—r i 1 0011 3
J g 0 0 0100 5
:i : 0 1 019l 5
l 0 0110 &
: l I ] 0111 7
T : : j 0 1000 8
a : ; 1001 9
| v : 0 1010 10
: e : i 1011 11
() | 10
7 ) 1106
| ) 0 1 1101 13
l : 3 . o | 14
- : l 111 15
! |
| | B OO0 16
v f) 0
p-flops in cascade of

& p—— -.l'\-.

il
FIGURE 9-10. Logic diagram and truth table for four
scale-ol-sixteen counter,
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car xlit in (e four-stage cireuit are indicated in the tuth ). in 1
: T

914 : :
The state of each of the four Hip-flops 18 best indicated by using il

-ﬁlﬂﬂl’]‘ munht'r FY*"‘"“ Whl"ﬁ' () rrpl-rﬂf‘_nth | UHIHIU':- Al Or nent Qrotng l' :.
'“d | rf‘]l'".irﬁtﬂ n lr'milivr \"thl[{l' level, When a Lransmtor s 1

collector vullngf‘ i low A Nigl
sollector voltage and 14 designated 1. Ins the decimal syntem, counting “u'.
from 0 1o 9, then the next count is indicated by 0in the first column }.m,d 1I
A I leftward eolumn, In the binary system, the count in all eoli
Thus the count for | in both binary and de 'HH,Il

1 I ' IEF

and s represented by 0. An off transistor Has

can go pnly from w1,
gystems in 1. In the binary system, the count for decimal 2 18 indicated by
in the st column and 1 in the next leftward column. So binary 10§
equivalent 1o drcimal 2. The next count n a binary system is 11 and i
(ollowed by 100 The table of 0's and 1's showing the state of the {lipfloy
at each count iy the truth table.

Suppose that, Lefore any pulses are applied, the state of the Hip-flop
in Figures 99 and 9-10 i« such that all even-numbered (e, left-hand)
LEANSIELOTS Are on, Reading only the evensnumbered transistors from left |
right, the binary count is 0000, At this time the decimal count is 0 and ty
binary count is 0. See the {irst horizontal column in Figure 9-10

The first trigger pulse causes €, to switch on and Q, to switch ¢
Thus, O, ready an 1 (positive), and the binary count anc decimal count i
both 1 (second horizontal column in Figure 9-10). T'he second put gy
pulse causes I 1 o change state again, so that 0, goes off and O, switche
on, When Q , switches on, 115 eollector voltage goes low, applying a negany
step 1o VF 2 which triggems O 4 on and O, off. Now the binary count i 10
and the decimal count 1s 2. The third input pulse triggers (), on and (4
orice again, This produces a positive output from FI' 1, which does 1
affect FF 2, At this time, the binary count is 11, for a decimal coun! ol )
The fourth trigger pulse applied to the input switches € off and U, 7 2
coming o produces a negative step which causes (), 1o g0 off and Uy ¥

switch on. O, switch-on, in turn, produces a negative voltage seP whic
switches O, on and O off. Now the binary count s read from the flip-fiop
as 100, and the decimal count s 4,

The counting process is continued with cach new pulse !
maximuwm binary count of 1111 is reached. This occurs when
pulses have been applied. The 16th input switches @, on onc
producing a negative pulse which triggers O 4 on. () , outpul 18

il [t
15 np

¢ 1A

' i 7 . Ilh-
p'_"l“ which triggers O, on, and Q, output triggers 0, on ['hus, 1!1*.1 g
flip-flops have returned to their original states, and the binary coU" [

returned to 0000, Tt is seen that the four flip-flops n cascade
different states, including the zero condition, Therelore, the ¢
termed o scale-of-vixleen counter or modulus sixteen counter.

SEC. 94, COUNTING CIRCLITS
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A 1rﬂi"!.-uf ten cotinler , or decade counter is

; . . e ol uce ' o’
slxkteen cireuit. Six states ) 1 by modifying the scale-of -

l’}i '}”'" ‘.ii.?!pfu--rl ! »

] ‘ Fruast hd" l‘]]fr”n;-,fp i

" & " [ "_I If.-‘ L

possible states, In the method shown in Figure 911, tF A
’ = g LIMC

eliminated leaving the last ten as the only [
s ' (] * j.ﬁl‘:‘.
that RS'T flip-flops are emplo

: | first six states are
yed ; ble circuit conditions, Note
o yed, 8o that resel an Eee, =2 %
A connection is made from 0, (FF 4 outpu ““ ‘f el ingyuts are available,
and FF 3. ' put) to the reset terminals in FF 2
The initial conditior 1e 1
bl { m of lh.' flip-flops in the decade counter in Figure
- i binary 0110, or decimal 6 (see Figure 9:10y. To obtai r}"
o o x N ' ; 3 - . J8a1N this
condition, transistors 0, and O, must be in the off state. The first in :"
pulse changes the state of FF 1, causing 0, to switch off. Thus the Eﬂ“tflr ¢
% gy g S S : i o " y : = ) J
0111 (see the truth table in Figure 9-11), The second input pulse [dﬁ-iﬂma[
I ¥ v 2 ) vy ¥ i . 7
2) again changes the state of FIF 1, this time causing 0, 1o switch on. The
output from 0., i5 a negative s ich tri S ' -
o '1 ! ,{ negative .-Tlr:p which triggers FF 2, switching 0, on.
1is, in turn, produces a negative step which triggers FF 3 from 0, off to

y negdl"

—_——— e == D D

Ft"tt:l C :‘;

jreut *

T

_F-E.?‘E.ﬂ.‘ﬁ e

Decimal
Qo Cic 2% count

| 1 ) [
I ] 1 1
() 0 0 2
0 0 I 3
0 ] 0 4
0 | ! g
1 0 0 8
| 0 | 7
| | 0 "
| I 1 *
() ) 0

I | Y

FIGURE 9-11. Logic diagram and truth table for decade counter.
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WUMENT,

Qg on. The output from FF 3 mggers I_:F 4. Counting continyes i,
exactly as explained for the scale-of-sixteen counter, until the tentl

The ninth pulse Se€ts the counter at 1 l 11, am:‘l the tenth pulse ‘.'h;{,,: Ifnls’iy.
0000, However, as U5 switches on, it provides the negative o ;t.s It 1g
which resets FF 2 and FF 3 to put Q4 and Qg off. The flip-flops N,
returned to their initial conditions of 0110, and it is seen that the rin-l[' :.:m
only ten different statcs. CINCUiL hiag

Although the states of the outputs from the decade Colintée +

represented by binary numbers, the numbers no longer correspond "‘"ith‘::r
decimal count, as in the scale-of-sixteen counter. Thus, the Humb:.i
representing the outputs from the decade counter are termed binan rm
decimal (BCD) numbers. i

Ihh 1"'I|'Fgl.

Charge carrier recombination occurs at a forward-biased pn-junction a
electrons cross from the n-side and recombine with holes on the peside
When recombination takes place, the charge carriers give up encrgy in the
form of heat and light. If the semiconductor material 1s translucent, the
light is emitted and the junction is a light source, that is, a light-emiltm;
diode (LED). When forward biased, the device is on and glowing. When
reverse biased it is off.

Figure 9-12(a) shows a cross-sectional view of a typical LED. Charg
carrier recombinations take place in the p-type material; therefore, t
p-region becomes the surface of the device. For maximum light emission, 2
metal film anode is deposited around the edge of the p-type material. The
cathode connection for the device is a metal film at the bottom of the
n-type region. Various types of semiconductor material are used to givt
red, vellow, or green light emission.

Figure 9-12(b) illustrates the arrangement of a seven-segment LED
numerical display. Passing a current through the appropriate segmen®
allows any numeral from 0 to 9 to be displayed. The LEDs in @
seven-segment display either have all of the anodes connected together;
comman anode [see Figure 9-12(c)], or all of the cathodes connected, comme
cathode. The typical voltage drop across a forward-biased LED is ;'?',,\'.'
and typical forward current for reasonable brightness is about 90 mA. Th
relatively large current requirement is a major disadvantage of LED
diﬁplaym. Some advantages of LEDs over other types of displays a1 5
ability to operate from a low voltage dc supply, ruggedness, rapid swilch
ing ability, and small physical size.

Liquid erystal *ceH displays (LCD) are usually arranged in the samc ﬁt"-_‘fﬂ's;:-:
ment numerical format as the LED display. The eross-section of a_f "M{uz
type liquid crystal cell is illustrated in Figure 9-13(a). The liquid @Y

~ Metal film

_ Light emitted . il
S eonneclions
[ A A [ A
= A s
Chargt carrier R - PR PR < biffused

cecombination

Decimal
point
N

- Lpitaxial

(b)y LED numerical display

® @ k] o
=Ly F'_'
* Gold film
cathode
connection
(a)} LLED cross-section
— .
1
f b
|; [ o= i
£
+V o ’F
lf ‘ T R | T
d '
et

a b : d e f

]

(¢) Common anode circuit

FIGURE 9-12. Light-emitting diode cross-section, ﬁevep-iegment numencal
display, and common anode circuit of seven-segment display.

Transparent clectrodes

Liquid and polanzing
crystal optical filters
\ /S
Glass \ 7
X |
Spacer Mirror surface

(a) Construction of liguid crystal cell

in reflective
type cell

(b) Liquid erystal cell seven-segment display

FIGURE 9-13. Liquid-crystal cell construction and seven-segment display.
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FIGURE 9-15. Logic diagram of display decoder/
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indicator tube. The four inputs of each NAND
i 1Y ALY Qilll"

outputs of the decade counter. The input termi eyl oyt
UL ie |

te differ ' al connection ar

s different for each NAND gate - 110N arrangement

i wch NAND gate. A positive supply voltage is ﬁf-nnilrd o
| _ "

the anode of the digital indicat ,
; _ 5 wdicating tube. When the output of a NAND
is low (near ground level), current [lows a NAND gate
| ’ ows through the tube and
grounded cathode glows. As will be seen, only ane NAND L it
putput at any time, NAINL) gate has a low
Consider the ¢ stor volt: ‘ .
of zero. All the transistor collector levels, O, to Q. are read as; 01 10 10
2 <y WA £ 1y 1 “ad as; (
01, Now look at the inputs to the NAND gate ¢ I )
e dicital indicator tube: The ANLD gate connected to cathode 0 in
icator : o~
) : ;l ) L ’s]ll [u »e. The inputs of gate 0 are connected to Q ., O,
?uﬁ.““ Q . All of these collectors are at high (logic 1) levels. Thus all
3 '.ﬁ 3 ‘ } o $ [ ™ + g N - - .
our llllpl.: S 1 ’E‘mtr 0 are high, .‘md consequently the output of this NAND
gate is low. The 0O cathode in the digital indicator tube s glowing
indicating that the decimal count s zero. : .
For a correct () indication, all other gales (1 through 9) must have high
output levels, so that only cathode 0 15 energized. To check that this is the
case. it is only necessary to identify one low input to each of gates |
through 9. Gates 1, 3, 5, 7, and 9 each have one input connected to Q 4.
Since Q o is low, all of these gates have a high output. Gates 2 and 6 each
have low input from Q ¢, gate 4 has a low input from Q 4., and gate 8 has
a low input from Q.. Therefore, only gate 0 has a low output, and only

cathode 0 glows.
A careful examination of the gate mput conditions for any particular

¢ only the correct cathode is energized. Faor
only gate 5 produces a low output to
high outputs at this tme.

decimal count shows tha
example, at a decimal count of 5,

energize cathade 3. All other gates have
The NAND gate system Hlustrated in Figure 8-15 converts the BCD
wtput. Thus it can be

ade counter to a decimal ¢
. Conversion of the decade counter

ay is termed BCD fo seven-segment
an BCD to decimal conver-

outputs from the dec

termed BCD fo decimal conversiol
n-segment displ

outputs to drive a seve
¢ more complex th

conversion, and it 18 a httl

slon.

and the necessary

One decade counter together with a digital display : ‘
can be employed to count from 0 to 9. Each me the

. " r s
tenth input pulse is applied, the display goes from 9 to O agai. \\}TQ ::u:
oceurs, the output of the final transistor in the decade counter 8o ot §
to 0 (see Figure 9-11). This is the only tume that the final transisior

3 frigger
pn}dufﬂq n "pg;“igc_gﬂing Ulllpl“q and this uutpul can be tlﬁtd L X

another decade counter.
Consider the block dingram

Figure 9-16. The system CONSISTS

conversion circuitry

of the seale-of-2000 counter shown n
de counters and

of three complete deca
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BASIC S O LIS Al 1 E Ik
K -,_llql

1II|'|
09 Wil Ry = Ry = A0 K&, gy = V1O Vg = 40y
(e franaistor base and collector voltages bl
Vor the oireut dseribed in Question 98, ealeulage
. . L ] .‘u
across each ol the commutating capacitors, Explain )y Iy g
““I”""Il

tlese ¢ Jl]..lﬂl‘ll:il'ﬁ,
Shetch A cironit 1o show how a thplop may be

i | A |II”H"|1'|{ *
tagpeled) cantimiously by input pulses, Explain the 0y

: . Wi Rering fl
Uit aperatiomn, ¢l

Sketeh ao ot ult to show how i ”ép “H]i iy e wet and roen |
different Inputs Explain the aperation of the circuit, oy
Qketch the logie symbols for o togaeled thp-top and for g, RS
{1l X
Sketch the logic diagram and truth table for a scale-ofa 16 coun,
aplain the pperation of the system |
Skefch a logie diagram and truth table for o decade coupe
Explain the aporation ol the system, Deline binaryscoded decimal
Sketch the crosssection ol a light-emitting diode, Explain its oper
tion. Sketch a LEL seven-segment display. Explain common-cathods
and common-anode type LED displays,

Skerch the crossasection ol a liguid crystal cell, and briefly explais
\ts operation. Sketch a sevenssegment liguicl crystal display. Discus
the supply requirements for liquid crystal displays, and compan
LOD and LED displays

Shetel the construction of a digital indicator tube, Explain i
pperation, anc discuss its supply voltage reguirements.

Sketeh the logic dingram of a display decoder /driver fo) controlg
a digital indicator tube from a decade counter, Explain the opera
tion al the system.

Sketeh a block dingram for a scale-0f-2000 counter, Lixplain U
operation of the system. Show how thie system should bie modified o
count up tos () 20 000, (b) 9955, Define 34 digit display.

DIGITAL INSTRUMENTS

INTRODUCTION

10-1
TIME BASE

If a pulse waveform is fed to the input of a digital counter for a time
period of exactly one second, the counter indicates the frequency of the
waveform, Suppose the counter registers 1000 at the end of a second; then
the frequency of the input is 1000 pulses per second, Essentially, a digital
frequency meter is a digital counter combined with an accurate timing system.

A de voltage can be converted to a time period which is directly
proportional to the voltage. This time period can be measured digitally
and the output read as a voltage, Direct current, resistance, and alternat.
ing quantities can all be converted into de voltages for digital measure-
ment, Inductance and capacitance can also be measured digitally,

A block diagram and voltage wavelorms of a typical time base circuit h‘.rr -
digital [t‘t‘t_ll._lt‘llt'}' meter are shown in Figure 10-1. The source of time
interval over which input pulses are counted is a very accurale t‘ﬁ'if:ll{ﬂﬂ
trolled oscillator usually veforred o as o clock sourée, The crystal s ﬂft.t'l'l
enclosed fn a constant temperature ouen {0 maintain a stable oscillation

frequency,
The output frequency from the final

exactly one-tenth of the input riggering
time period of the outpul waveform is exactly ten

flip-flop of a decade counter 1
frequency, This means that the
times the time period of
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HGURE 10-1,  Time base generation for digital frequenty et

the inguit wavelorm. The |-MHz omput from the crystal 'f'-’-‘”;"”".:'
Figure 10-1 has a time period of | ps, and the outpit wayedonm [ |
firnt decade counter (triggered by the |- MMz oscillator) has a LINE ;f‘f”_
A 10 ps. The time period of the output from the wond decade ;;‘.J:i
(ihggered by the outpur of the himt decade counter) s O [, and -

i ’ ' . 1rrs
(rom the third decade counter i | ms, ec, With all gix decade 0ot

iyr

FLAMPLIE

101

S0, 101, TIME BAS]

717
available time penods are | s, 10 us 106 o
e j ! L i J | I.l- l IS .|‘.-b s i:l’* Mk '.IJ'H"I l

When the counting cireuit i

in & digital h”l'”'"f neter are trigeered
)T l'j| ;JL‘ .{- register
;“[a"tl]"’ A canint HE L) « i J||r-.-r,~|,|-| {he |

 WEC AT IO 1 presents & Irequency

eif | (K Hz or | kHz; a 5006 rhiiji;i';' indicates 506¥) Hz. e

are more easily read when a decimal point is placed alte

for a perid of exactly | wee

{he T hf'fl-ﬂ'hr of

These gures

. ' the Lirst murneral
;"u] the Oulpal s wdentilied in ifl!f.hf'ru IThus o fl,--,l,l,~r BRECTIRTER LT
¥ i i

5000 18 5 kHz, and 54775 s 5475 kHz 1n an LED display, the decumnal
point 1 created by use of a single suitably placed lighteminting diode
Also. a kHz indicaton wually is displayed ;

Now consider the effect of using the 100-ma Lime penoa. o control the
counting cire uits, A display of 1000 now means 1000 cyeles per 100 mw
This i 10 00 '*?f-ir"‘ per sec ar 10 kHz, When the time period s switched
from | sec to 100 ma, the decimal point s also switched from the fip
numeral to a position alter the second numeral. The 10.00 display s now
cead as 10,00 kHz; 50,00 ia read as 50.00 kHz, et

When the time period is switched to 10 ma, the decimal point s moved
w a new position after the third numeral on the display. A 1000 display
now becomes 1000 kHz, Since this 15 the result of 1000 cycles of input
counted over a ;p"l'irh‘] af 10 s, the actual npt ffﬂiw'r;t v 1 1000 7110 ma,
that is, 100 kHz. With a 1-ms time period, a diaplay of 1000 indicates 1000
cycles during 1 ms, or | MHz, The decimal point is now moved back to s
original position after the first numeral, and a MHz indication W displayed
Therefore, the display of 1000 with a 1-ms time base 18 read as ) UK
MHz If the 100-ps and 10-ps time periods are geed . the decimal point 1
;;Hui” ._[“-I;",J'l'f-fl T lh;:l' !lif I”‘“‘l i-h‘ll’_#ﬂil'll‘l, 'lﬁ'lljtm"i “”il‘ "A”f ,Hu‘.i lili”
Mz, respectively

A 3.5.kHz sine wave is applied 10 3 digital [requency meter. Lhe Dine hd-";'
s derived trom a | MHz clock generator frequency dividded by decade
¥ [ [ » i d

. 4 § 1 L
"Jlllllr"l'l l]f'lf'l‘lllll'f" !l“. '”r-lr-r II“h' At Wilr“ tl" Line l.hl_ﬂ".' [ 91" ] ll'Il, %

flf.'-f_ﬂllf' CORInLers }i[ll’i “” f“;” rlf:.l arle Counterns,

SCILLITICIN

a.  When six decade counlers are used

| Mz

Uk
| |

{1 hase = f, — ']i' | Hz )

| Hz,

[ bapse frrr.mn.u ) - f‘

| s

ti-'l"h'l I‘.'f I”!x‘”! l _— { ”g!i’“f f”","””‘”" x "
counled during ]

44 kMHz | e
w 3500

1



¥ i e
i b, When four decodt counlers are wied:
1 .

| |
- 1
) time base frequenty = f = — 5= = 100 Hz
f|] lime Dase = 1, f; 100 G = 10 ms

"
o cyoles of inpul \ AR, 1
_IE! e ey mput frequency )
;" = 3.5 kHz X 10 ms

3 =35

-1:.

r i
il

! 10-2 o L

3 LATCH AND If the numerical dwpla?'_de'{lt‘ﬁ_ in a digital frequency meter are controljgg
: DISPLAY ENABLE directly from the counting circuits, the display changes rapidly as the S
} progresses from zero. Suppose the input pulses are counted over a period
1 | sec. and then the count is held constant for 1 sec. The display alternaie
: between changing continuously for one second and being constant for ¢

next second. Therefore, the display 1s quite difficult to read, and e

’ difficulty is increased when shorter time periods are employed for counting
) To overcome this problem, latch circuits are employed.

E A latch isolates the display devices from the counting circuits while
.' counting is in progress. At the end of the counting time, a signal to the
: latch causes the display to change to the decimal equivalent of the final

10-3
BASIC DIGITAL
METER
SYSTEM

condition of the counting circuits. Latch circuits are essentially additional
(special kind) flip-flops connected between the outputs of a decade counter
and the display decoder/dniver circuitry (e.g., between the transistor
collectors and the NAND gate inputs in Figure 9-15). While counting is in
progress, the latch flip-flop outputs are held in a constant state. At the end
of the counting time, the flip-flops are released to set the displays according
to the final states of the decade counter outputs,

A display enable control which open-circuits the supply voltage to the
display devices is sometimes used instead of a latch. The display is simply

switched off during the counting time and on during the noncounting time.

The (normally constant) displayed numerals are thus switched on and of
continuously, with no display occurring during the counting time. Wher
the display time and counting time are brief enough, the on/off frequenc
of the display is so high that the human eye sees only a constant display:

The block diagram of a digital frequency meter with a four-digit dispiay®
shown in Figure 10-2, and the voltage waveforms for the system &7
dlustrated in Figure 10-3. The input signal which is to have its frequest
measured is first amplified or attenuated, as necessary, and then fed 1©°

input

AN o—

Amplifier/
attenuator

Time base
selectlor
switch

" F'; Decimal
ecimal point
O II selector switch
———f !
— O li
— 2 =
Reset Latch Reset
input nput input
o = \ l

Decimal
point

FIGURE 10-2. Block diagram of a digita

counter Triggering
q wnput

| frequency meter.
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104
FREQUENCY
MEASUREMENTS,
FRRORS, AND
RECIPROCAL
COUNTING

FEXAMPLE 10-2

At f = ] MHz,

'

TR

Wi NI

L]
i

In the system described 1n Sr_cl.iﬂn 103, lhr.". time base could SWit
AND gate on o off while an input pulse (from the Schmiy) 'p,i:] e
applied. The partial pulses that gﬂ ﬂl.rnugh thf‘ AND gate mMay or m; },f:""'#
cucceed in Triggering the counting circuits, So there is always 4 i}:i?a'rth:
il

error of £1 evele in the count of input cycles during the timing

Thus, the accuracy of a digital frequency meter is usually stateqd as i

4 | counl + time base ervor.

Errors in the time base generated by the crystal oscillator (Figure 10
ok nr.'ir'ma“f.' the result of variations 'in lemperature, Supply \,-nil-hl.!
changes, and aging of crystals, With reasonable precautions, the -tuml !_;:i.r'
base error migh typically be <1 X 10, or less than one part in |0 f‘u:alf
(Higher quality time bases have smaller errors.) The total measuremr,
error depends upon the actual frequency being measured. This is tlr'mr-.r:_

strated by Example 10-2.

A frequency counter with an accuracy of +1 count £(1 X 10 )
employed to measure frequencies of 100 Hz, | MHz, and 100 MH;
Caleulate the percentage measurement e€rror in each case,

SOLUTION

At f= 100 Hz,

error = + (1 count + 100 Hz % 10°")
= 4+ (1l count + 1 X 10 ! counts)
= 4 ] count,
% error = + 1 100% ‘
100 Hz
= 4 1%, |'

error = + (1 count + 1 MHz X 107%)

= 4 (1 count + | count)

I

+ 2 counts,

2
% error = TEIT w 100%
Z

2 % ™%,

]

SEC. 10-4, MEASUREMENT!

y, ERRO) e N '
RS, AND RECIPROC AL ¢ OVUNTING

At [ = 100 MHz, £

crror =

+ (1 count + 100 MMz » IH"'}

= & (1 count + 100 counts)

+ 101 counts,

Yo CITAUr = = —-—--’Iii_l__. : o
700 i % 100%)

= +1.01 % 1049,

Example 10-2 demons

’ . lemonstrates that at a frec

. : é juenc - rr
due to + 1 count is + 1%, while that due & ti-iw cy of 100 Hz the error

At P\"‘[“]ﬂ.‘ the error due Lo one count 15 'L'fl"ﬂ.l
At 100 MHz, the time b |

time base is insignificant.
ase 1s responsible fu:*ﬂal:m il lime EReE
although the total error is still a very small pe ,,ﬂrtﬂr_ of £100 counts,
frequency. ‘Therefore, at high frequencie PerCRtageol t.hﬂ Tneayred
| AL quencies the ime base error 15 larger than
the + 1 count error, while at low frequencies the + 1 count error is the
larger of the two.

()hviuu.':zly, the greatest measurement error occurs at low frequencies.
Al f":f'fl“*i}'nﬂlf—f: ::J“E lhlan 1:}{} Hz, the percentage error due to + | count is
rreater than 1%. The low frequency e e .
:‘rn'ﬁrm.'ﬂ! B R quency error can be greatly reduced by the

Suppose the time base 18 disconnected from the system shown in Figure
10-2, Also, assume that the 1-MHz frequency from the crystal-controlled
oscillator in the time base (Figure 10-1) 18 connected directly to the AND
gate input in place of the Schmitt, The Schmitt output is now applied as
an input to the flip-flop, so that the frequency to be measured is going to
the flip-flop instead of to the AND gate input. The new arrangement 15
shown in Figure 10-4, The result is that the AND gate is switched on for the
period of the frequency to be measured (see Figure 10-4) and that pulses
from the 1-MHz crystal source trigger the counting circuits during this
timie,

When the frequency to be measured is 100 Hz, the AND gate is on for
a period of 1/100 Hz = 10 ms. Each cycle from the 1-MHz crystal has a
time period of 1 ps. Therefore, the number of pulses counted during 10 ms

15

10 ms

- = 10000,
L8}

(In fact, the four-digit display
ase. A 4)-digit display, or a
{ the 100-Hz

This is indicated on the display as /00.00 H.'.*.
in Figure 10-2 would not be suitable in this ¢
5.digit display is required.) The accuracy of measurement
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10-5
TIME AND
RATIO
MEASUREMENT

o
R

FIGURE 10-4. Reciprocal counting technique.

frequency is now 1 count in 10000, or 100 Hz /10000 = 0.01 Hz, As,
percentage of the measured frequency the error is

0.01 Hz
100 Hz

+0.01%.

% error = ¥ 100%

A 0.01% error is a big improvement over the 1% error that occurs with the
straight counting technique. At frequencies lower than 100 Hz, the acou-
racy of measurement is even better (with the reciprocal counting tech

nique). At high frequencies, the straight counting method gives the most
accurate results.

The reciprocal count technique described in Section 10-4 is, in fact, a time
measurement method, although the display is expressed as a frequency.
The display could be properly expressed as a time period; for example, the
100.00-Hz measurement is made as 10000 X 1 ps, which 1s 10.000 ms.
The time period of any input waveform can be measured in this way [see
Figure 10-5(a)]. If the flip-flop in Figure 10-4 is made to trigger ™
positive-going inputs as well as on negative-going signals, the \#'id{hf"
duration of an input pulse can be measured [Figure 10-5(b)]. Most digits

counters have a start input and a stop inpul, so that the lime between guenls can
be measured.

l—-——— 1 us ‘
X pulses :
counted ' _'_“"l

SEC. 10-5. TIME AND RATIO "v'L’Er'L.SUP[h-‘l[nﬂ'

295

\r‘_ ¥ pulses

(a) Digital measurement of time period
T = (X pulses) £ 1 ps

h

l J counted g ___-i
T | —!_' \_

- = P ——— !

{b) Eigiul measurement of pulse width
= X\ [is =

|
|||I|l I”l n pulses '
of [, counted :
Z pulses |
[ ol o S : 7 =1
counted || /2 r L LJ_
: 1
| 100 _n_clr::.
f2 ol rFl |

(c) Digital measurement of ratio of

(d) Digital measurement of ratio of two

two frequencies close frequencies

I

Ji _ n
N -
f? fy 100

FIGURE 10-5. Digital measurement of time period, pulse width, and
frequency ratio.

The ratio of two frequencies can be measured by a counter. The lowest
of the two frequencies is applied as an input to the flip-flopﬁ in ﬁgu.rf 10-4.
and the higher frequency is applied (via appropriate shaping cwcul[nﬁi) ::
the AND gate input. The instrument now counts the numhte;‘ 0 ngw-
frequency cycles that occur during the time ‘penod of the low freque 15
The waveforms are illustrated in Figure 10-3(c). If th::' high frequency
100 times the low input frequency, 100 C}"E:lf:& of high frequc{.ncyui
counted. Thus, the displayed number is the ratio of the t:;u mput\ .,- :;r:ll i
cies. The waveform illustrated in Figure 10-5(c) m:&l for : hfsﬁm I
frequency is Very much greater than the other. V :;; B aps 100
(e.g, when fi/f, = L.11), the cycles of fy 8re 891 selected correctly, the
cycles of f; [Figure 10-5(d)]. With the decimal point s

displayed ratio is 1.1 10.
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0-0 B im"“i‘-xﬂm..
: |
INPUT [he input stage to 7‘ counter 15 an .?mplit'im attenuato

ATTENUATION Schmutt thgger Cinaut Phe Schmitt trigger circuit has an i i ing ity
AND CUTPE), or upper level of input voltage at which it tigger.. . 8 fo
AMPURCATION  dwowr rigeer poiss (LTP), or lower voltage level at which :-;113. ' alsg has
back to the original state. The difference between the ll'. s PO Switgh

rermied Asteresis. The effect of the hysteresis is illustrated iy F; '
‘ TR 100y
L 111.!.1.“

4 gan of § ]
v LK
{ 11:1

s o i..

Asuyming that the amplifier “attenuator stage is set fo,
Schmitt outpul goes positive when the Input sine wave nac

When the sine wave goes below the LTP, the Schmiq uull i

previous level, PUt reéqy;

Now look at the effect of the noisy input signal shown in |

; : in §

L 1,

10-6(b). The noise spikes cause the signal to cross the hyster |
, CSIS Dan

than twice in each cycle. Thus, unwanted additional outp * o
generated which introduce errors in the frequency m; “! 1_” Pulses a
difficulty could be overcome by expanding the hu'stt.‘l'-;:-e.i:“lt‘mﬂ” Thy
Schmitt cireuit. Alternativelv, as illustrated in Figure H;-u.i{ T“d ol
signal can be attenuated. Most hrequency L‘”uﬁu“ ﬂ.,-i..{:”' |111:,- 0y
continuously variable input attenuator. The attenuator should ':T T’Hh E

' ¢ adusted

to set the signal at the lowest level which will satisfactorily

" - . -'-.. . . : = . - b L 1'.1‘:1.‘_! 1';’“

counting circuits. Some counters have fue-pass filters which may be s

. ) . L . 3 . - SWitched

mto the mput stage to attenuate high-frequency noise, and thus furthe
' ° S furthe

UnNprove the noise immunity of the counter.

H‘l sl NCSsEs

hand

s 1

(bl MNoisy sane wave

(al “Clean’ sne wase
(c) Attenuated nmsy

crogsex the Dystercas
Wavelornn Crosscs

Crosses hystencsis
band more than
twice dunng
cach cycle

E-nﬂ’;; twice donng : tand
N Oyl i cic ¥aAn

3 Oy L IrigRets vialeresis Bang
-_'[l_:!"irrjt'u ‘-ivcu! L‘ iswice 1n (...JL-h

e per cvele cycle

produces counting
CIivHs

HGURE 1 e 1 |
counting :":"‘Nmn input signals must be attenuated to avoid frequen®
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”'g.'f-'lr'n_'un.

bani

uTe -

LY

.._

- PW --H

1 II

Messured PW & Fe— !
e | i‘.'hlr:.mu red I"ﬁ'l
=8

(b) Amplification of the
input pulse minimizes the
pulse width measurement

(a) A low amplitude mput
pulse can produce errors
in pulse width measurement

FIGURE 10-7. Pulses should be amplified to avoid errors in pulse width
measurement by digital counter,

Figure 10-7(a) illustrates a problem that occurs when the counter 15
used as a timer to measure pulse width (PW). The average width of the

i« the PW illustrated in Figure 10-7(a). However, because of the

it trigger circuit there s an error in the measured

an be minimized either by
pulse as shown in Figure

pulse
hysteresis of the Schm
pulse width (see Jlustration). This error €

reducing the hysteresis, or by amplifying the
10-7(b).

10-7
SPECIFICATIONS The following specificatio
FOR DIGITAL counter /timer instruments

n statements are typical of the range of digital

available today:

COUNTER /
TIMERS

Frequency measurement
Low range
Wide range, direct measurement

|0 Hz to 80 MHz
de to | B (‘EHE

Wide range with added
high-frequency

dc to 40 GHz

converter




10-8
DIGITAL
VOLTMETER
SYSTEM

i DIGIT
Sl 'N“}TEUW
. 'rI”\

Time measurement: 10 ns to 107 sec (approx. 31 vears)

Sensitivity: Minimum input voltage 10 mV rms to 50 mV oy,
8

Display: 7 digits to 9 digits

Accuracy: £ 1 digit & time base error

Gate time: Time over which counting occurs 1 us to |
SeC

Additional functions

Totalizing—count of input pulses over given time period
| | : - ariod.
Time interval—time between events.

Ratio—ratio of two input frequencies.
Scaling— producing an output frequency digitally divided from
/ m lnpl_”.

l'n a digital voltmeter (DVM), the voltage to be measured |
3;:;;:&; Oi-aghm time llxl‘iod is then fed to a dig"itallS::Cu?lr:tt[:hir*w:nl;ma
e ;? a v? tage. For example, suppose an input {;f 1 &thr
S o ime of exactly l_sec. If the time base frequency is | kHr
i Ha{: c_ounted during thepl-sec time period. This is reada_{:
1.295 sec. duﬁ;l wh{?cll”?ltl;?;; BRESRO 1.295 V, it PI'Odur:f:S a time pE[‘iO{J 0t
e i i_mcL g ;urf; 12?-15& are counted. The display is now i
cm';fhbﬂ“m as a Miller in tﬁgm;:'ﬂﬂ\'em voltage into time period uses a
mpadt;rhé‘u;;“:gmt{{r circuit in Figure 10-8(a) consists of resistor R,
initially unclflar & f;mtmnal _amphher 4, With no input voltage and Cl‘l-
(see Section B-E-Z; . t}f:pf m“““{” aml?llf ier behaves as a voltage follower
inverting input and ;1 its noninverting terminal grounded. Thus, the
T e € output terminal are also at ground level.
op-amp in\rt:rtIP:; t;n_:nnplm gpitane ] 55 gpplisd i[Kigure 10-9()\ the
is], = V/R,. Thisisa AL IEXNAINS Al grl'-{und level, and the input current
op-amp inplln s mri&mmm cm‘rient which is very much greater than the
e o cho et ;:lnt. Effcctwel}- all of I, flows to capacitor C, 10
i tenninaf eft- 'and side and — on the right. Because the op-amp
charges. Also, bﬁcafsr::la;m-at ground lE:i-fEl, the output decreases as C,
negative-going linear (s congant, Oy sharges linearly producing @
W ramp output [see Figure 10-8(d)|.
D smin, | }IESP:t voltage goes ne&gativf; [Figure 10-8(c)], I, =
diirces af ,a sonstant current which flows through C,. Again G
constant rate, but now, because of the reversed current

— V/R;.

SEC. 10-8. DIGITAL VOLTMETER SYSTES
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Input

Untput

(b) C, charged by + ¥

+f
L
fil ) (IR [ T E L e

= (¢) €, charged by — ¥,

[nput
i —y ._—

FIGURE 10-8. Miller integrator

direction, its polarity 18 going +
time the op-amp output vollage

10-8(d)).

A Miller integrator €irc
illustrated in Figure 10-9.

voltage follower which offe
witched via FET @,

output 1s s

(d) Inputand output waveforms

circuit, C, charging action, and waveforms.

d — on the left. At this
[Figure

on the right an
is a linear positive-going ramp

rated in the dual-slope wntegrator
measured (V) is applied via a
pedance. The voltage follower
he Miller integrator. An

uit is incorpo
The voltage to be
rs a high input im
to the input of

,___4
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LHEIT AL ING T

u)
e
4 2 " W " f ™ et £ i
Fransistor switches on when ‘ he sguare wav i I
i . F . y ok 8 WA . Lin
fl'rhilu.'r I Tiis Action COTine ia \,m!l.lH' I' S l'.ﬂnt_“., eIy, and frrewid |
a ‘.’“H. f"', iy 'l“‘ r\l'“FI CAre ‘ :«;]Ihl‘l ”1” rr F'bl'

i Ty 'h,
af by

mlp-ll el f‘
right-hand side and 1hi

stive polanty on e
o l ' " LT (T

“r*p“ﬂur fenng fillllr‘.ll fIHlII 'I'l" Milles Cireuit (me LT IHH“-. ™ -8
] » ] | i'r.lr'

{0 10) Consequently, the i
gutput, which biases tranwistor O, off, thus permitting €, rh.:.rsu'.‘llm
output from the Miller circuit v @ linear negative ramp voliyge il--,;r
10610 which continues during the I‘“F'I"i“"' portion of the VTS 'Ijl:“
Sinee f’ i w[lur'l,l‘l';,rr prulmliihnul L) I-r_, the '-',IHIH' Of the L“I':I'r
M

with

zero-croming detector has a T

input to ¢/,

alae |nn|'jnr'|uli'lit| 1 1"“

. Also, the fll.’ln_r duration [y gl the Dositive iy
a congant (Figure 10-10) Ihis means that the ramp Anpli
1 L LRETRT

voltage 1
i s directly proportional Lo V

When the suare wave iupul upf.‘tiu becormes negative, I:,.-I SWilches o
and the relerence current fﬂ commences 1o flow Ilu'rmp:h . and O .
more. 1, discharges C, %0 that the Miller ¢ircuit output now hm.!,.lr, :
I_,,,.i“w. golng ramp {[‘lpul't‘ 11} I“}. 1 he |Jlrﬁill'.'*'-HiJilll{ FAINE continye
antil it arrives at ground level, Then the zero-cromsing detector provides o
oul il which switches U.-‘ on, i quw-ﬁ f-ll. and holds r,'l in short-Cirel
onee .'tp:ilill

The time 1, for the ramp voltage to chimb to zero 15 directly propo
tnonal IJ" Tirmie 1, 18 measured by starting the counting circuits at the
negative-going edge of the square wave input to O, and stopping the
count at the positivesgoing edge of the output from the zero-crosing

detector,

The dual ?JIUIH' j”“"-‘f"’“” i I-jw_”r 11).Y has a guare wave iHIHlI will
each hall cycle equivalent to 1280 clock pulses (see Figure 10-10). Th
sutpul frequency from the clock i 200 kidz, If 1000 pulscs during tme |
are to represent an input of ¥ = 1 V, determine the required level o
relerence current

SOLLITION

|/
/ -,
R |
For V= | V,

T ke |

=T 100 A,
Clock frequency = 200 kHz,

TS | |

[ - 0 4B,

1200 kHz

kL 1055 INCATAL VOLTRAETER Sy [f A
] LR il s

” "l ]"- |hp firne f]l”i!l”‘ill 'j'.l lf;_ﬂ“ I_lf,ﬁ'r‘ l;L,ll'f‘r,
= O s 7% 1280 = 6.4 ma

!l 1% *"*I‘I’h""l Lo the Integraton il+$!‘-+l‘ for 2 time Iﬁf'rirf] [,. Sines

[
V-
ramp voltage

Aty 100 pA % 64 ms
C, 0.1 pk

V" CER'S

If ¢, is the time duration of 1000 clock pulses,

(, = 5 s 2 1000 = 5 ms,

and I, must discharge C, in time period {,,

(O 4
!l'f - !"

JOApFX64Y
5 ms

= 128 p;\

e ————

ages of the dual-slope integration
little or no effect on
les Let clock

One of the most important advant
drifts in the clock frequency have
Consider the following examp
cycle of clock frequency = T=1/]

() is 1280 % /i

method is that small
the accuracy of (mieAsurements.
y = f; then time period of one

frequenc
ation of 1280 clock pulses (!

The time dur

[it, 100 pA "{_l:",d_“_?:

e ———

l";‘ 2 -F;-JI— = {;I
ey, (G 100 pA % 1T _ g7
2% 77, \ 12845 i |

: I8 @ b
The number of clock pulses during f; 18 given By

—_— I‘f e ?i.

Time period of clock pulses

: . digital measurement of
[t is seen that when the clock frequenty drifts, the dig)

valtage is unaffected.

:
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Figure 10-11 shows a block diagram of a DVM system o ; f
slope integration, In this particular system, the ff-wk q{;'ﬁ?hmn'd
frequency of 200 kHz. The 200 kHz 1s divided by 3 d{fr-:“-lijt_l-ﬂlﬁr |
wwo divide-by-sixteen counters as shown, giving a fl'f‘l.’ilhl.r-n‘_.: COUnter 5,
mately 78 Hz. As already explained, this (78 Hz) is the ﬁqﬁur} n.f APproy;.
contrals the integrator. The 200-kHz clock signal, the 78.1, . Wave whiy
and the integrator output are all fed to input terminals of 4 x;ﬁ:‘l‘:lldn

The 200-kHz clock output acts as a triggering sign AND g
circuitry when the other two inputs to the NAND o
occurs during time £,, as illustrated in Figure 10-10. Th

1)
s A

Wave,
i ate
to the Countin,

ale are hjgh, Thi
€ Integrator Outp ;r.
i ut

Clock
gcn::rulctr

200 kHz

=16

= 16

Counters
und display

Latch and ﬁ } *

Freset

NAND)\ ) "E8S

W gate

Integrator [—

Input - .
voitage S sange

slector

Decimal point selectors

FIGURE 10-11. Digital voltmeter system.
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10-10
DIGITAL
MULTIMETER

(i.e., zero-crossing detector output) is
and to control the latch. The counting circui
time period ¢,. Counting commences at th;‘. State ¢
on at the end of ¢, in order to set the cliqr;l,::}--- o

circuits, : § AcCor

than 1 V 1s applicd‘ directly to the integr
selected so that the display can indicate a maximum of 9999 V '
voltage between 1 V and 10 .V is first potentially o o b
. i ' . y divided by 10
ap;:fllcd to the integrator again as a voltage less than 1 V. In this case the
decimal point is selected so that the display can indicate a rtla:{ir:lum n-f
9.999 V. An input voltage between 10 V and 100 V is reduced E;»- a factor
of 100 before passing to the integrator. Decimal point f.clr:{"tir;n now n‘llnw&
the meter to indicate a maximum of 99.99 V. .

SEC, 10-10. DIGITAL MULTIMETER
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also used to reset the counting circuits
IS are reset at the h-r:gi'nninu ol
f 1. The latch is switched
ding to the counting

The ran lector 18 adjus ; :
ge selector is adjusted to suit the input voltage. An input of less

ator, and a decimal point is

and

Some DVMs employ automatic ranging creuits, These determine the

approximate level of the input voltage, and trigger transistor switches to

select the appropriate time base and decimal point position.

The method used in digital instruments to convert current and resistance
into measurable voltage levels are similar to those employed in analog
electronic instruments. As explained in Section 8-10 for analog instruments,
shunts are used for digital current measurements, The digital display is
identified as mA, pA, ete. For very low current ranges, relatively high
shunt resistances are used, and this must be taken into account when
connecting the meter into a circuit.

In digital instruments, resistance must be converted into direct voltage
by a linear method such as that described in Section 8-8-3, The voltage is
then measured digitally and displayed as k2 or M{1.

Alternating voltage and current must be converted into de quantities
either by rectification or by a true rims method, as discussed in Section B9,
Once again as in the case of analog instruments, where rectification is used
the digital meter readings arc (nie only for pure sine waves. When true rms
conversion techniques are used, the instrument indicates the true rms

measurement no matter what the wavelorm,

a digital multimeter DMM) com:
ect digital indication of the
position must be care
( be noted to avoid
instrument,

Perhaps the most important leature oria,
pared to an analog instrument is the direct
measurement. With analog instruments the: polniex
fully read to avoid parallax, and the range WML |
misreading. Neither of these are necessary with a digita
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y )5

ore. with a deflection instrunient the exact pointer pogs;
J51n

urately than to about +0.3¢ on cap,

Furtherm

not be determined more acc e

Digital instruments, on the other hand, can give readings with SCaly
' ey

more decimal places. Thus. a digital instrument has better reso/usjon
analog instrument. | '
Many DMMs have automatic ranging circuits which select the

appropriate range. When the range is selected manually, greatest ¢ Most
is achieved by using a range that gives the largest possible num:r;,ﬂ_
display. This is the same as adjusting the range of analog "“ﬂm:n.ﬁhfﬂ
¢ on-scale pointer deflection. For example, a display of ; rmluf
sccurate than a display of 001.9 V. When the 5',3‘1:,; 1
the display usually blanks, or flashes on and off “ﬂn;i:,f

L .
i
« I}t

than dl

the greates
is obviously more

range is (00 low,

ously.
Another very important advantage of digital instruments over ang|
cili l}E

is that digital instruments are by far the most accurate. Good quajiy
analog voltmeters have + 1% accuracy, while even the least expensye
SVMe have a typical accuracy of +0.5%. Good quality digital instn.
ments have +0.1% or better accuracy.

Digital instrument accuracy is usually stated as +(0.1% rdg + 1 q)
This means +(0.1% of reading +1 digit). The 1 digit refers to the
right-hand numeral of the display. The maximum error in a 1,51}{1.{

reading on a 33-digit display would be

+ [(0.1% of 1.5 V) + 0.001 V]
+ (0.0015 V + 0.001 V)

+0.0025 V
~ 4+ (0.17% of 1.5 V).

error

The following specification statements are typical of currently avail

able digital multimeters:
Dhsplay

31 and 47 digit
dc vollage

range 0.1 V to 1000 V
accuracy +(0.1% rdg + 1d)
input resistance 10 MQ

SEC. 10-10. DIGITAL MULTIMETER

ac Vollage

range 0.1 V to 1000 V rms
accuracy +(0.6% rdg + 10 d)
frequency range 10 Hz to 10 kHz

Input resistance 10 M)

de Current
range 100mAto 10A
accuracy +(1% rdg +10d)
shunt resistance 0.1 £ to 1 ki)
ac Current
range 100 mA to 10A
accuracy +(2%rdg + 154d)
shunt resistance 0.1 Q1o 1 k@
Resistance

range 1 kQ to 11 M@
accuracy +(0.6% rdg + 10 d)

open-circuit terminal voltage 2V

Various probes are available for extending the ranges of digital multime-

ters. Some of these are:

« 50 A shunt extends current measurements to 30 A
« High voltage probe extends voltage range 10 40 kV

» RF probe extends frequency range to 100 MHz

E
« Clamp-on ac current probe extends ac current range to 200 A rms.

ative laboratory tYpe DMM

nals of a represent |
d range selections are per

The controls and termi |
The function an

are shown in Figure 10-12. ‘
formed by push-button controls. Starting from the left-hand side; the first

button is a power on /’ {}ff switch. The next five bUIEC:I"IS are f:r ';‘1;:::[;;:
selection: AC/DGC; L0/ HI (resistance range), Q, V, and A

right-hand buttons are for range sclecti‘un.
the power, select the appropriate function
be measured, and read the display.

To use the instrument, switch an
and range, connect the so

urce to
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Az in the case of the resistance measuring technigues desn bed in
8-8-3, inductive and capacitive imnpedances are first converted into Y05
before meamorernent. Figure 10-17 illustrates the basic methiod.

In Figure 10-1%a) an ac volage is applied 1o the nonnvering it
werminal of the operational zmplifier. The input voltage o r‘f"r?’
acrom resisior K, o give a curvend: = V/R,. This current 33_”‘3 A5
through the inductor giving a voltage drop: V, = 1X,. It V, = | 5923

—
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