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A TICKER AUDIO VARIO

Don Ott, John Larkins, and Kevin Ot
Los Alamos, New Mexico

U.S5.A.

Having been without audible rate of response time (the thermistors used werc
~limb information for awhile, and after larger and had a longer time constant
naving flown with it for scme time, it is than "usual"), but performance seemed Cto
certaﬁnly a pleasure to be able again to be "just right" (in our opinion)--some-
thermal and cru without so muech visual what faster than the PZL, but noct so rast

ention to a needls. There are severdl a5 to be distracted by turbulence (total-

- audio variometers on the markst, but crgy venturi). The output is a series
you like to spend time playing around »f ticks, which at high rates sounds like
‘4nq“ like this, have some knowl- s tone. Since the power in each tick 1s

th
alecltronics and shop practice, the same, the volume is as good at low
some h.l\ ul friends, and value ycur time frequencies as at high and more independ-
at about zero, you should be able to come ent of speaker and car chardacterisitics
up with an instrumentc you'll really appre- (in contrast to a sine-wave output).
ciate without much of a capital inwvestment.

This one contains about 525 worth of parts, So, the basic requirements we start-
if you buy them new. ed with were: a ticker, at least short-

T dur-

term stability (no nolticeable dri

Many criteria can be seC for vario- ing the time for a few turns), threshold
meter performance. This variometer was capability, conservation of panel space,
designed for Che purpose audi- operation from power already available
b rate of climb during and (14 volts doj, rmd, of‘ oourse, satisfac-

alectrunic sche-
1. Alfter buying

the thern .\rfs, the or‘ er bridges resist-
ances were osen Lo give reasona L,]_r1 ]’JFL:L—
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show
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L, and nelt as the sol

cl—oW-m1 instrument. However, enough r.“af'ng Lemperature (around

sc far indicates its long-term JCQDL]. 100%C) for the thermistor: considering
hours) ., o1l as short Lerm, to be Lhe voltage dhd parts available (a 25 chm

VF*v good, and with a proper meter and zorn balance pot would probably have been

calibra LL)T would most likely he an en- nice). There is the feeling that consid-

tirely satisfactory varicometer. One con- erable luck was involved in mounting the

cern, before actual flight testing, was thermistors in the z2ir flow Lo and rom
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Dy Zener diode, 400 mW, ~ 6.7 volts

Do=Dy Diodes (M914)

Q;~0e Low-power silicon MPN transistors
(PNI567)

.QD Medium- Dower transistor (_,,_qu ral
watts) (21023

I Zero-canter microcammeter; choose

Ry 2 to give full-scale deflection
at about & volts

5S4 switch, DPST
= switch, SEST
5 citors are ceramic disc {(~ 20

FIGURE

the flask--our way is shown in Fig. 2

The ser ivity Lurmed out to be a litktle
tﬂrcnt for Up and Dos
tive branch was chosen for Up. Very lit-
tle difference in output was noted for a
al bridge current of 30, 40, or 50 maj
sever, wi

I ch 20 ma, sen:
nitely less., Of ccv“°“ T yvou alrecady
have an ectronic variometer, it should
be a simple malter toc get the ne

r

2470V
sicnal from iks me

2y cireuit and not
worry zboul thermistor mounting at all.

At bridge balance (zero sink), the
output of the first differential ampli-
fier is arbuul & volts., The ralbio.of the
resistors Ry /Ra (= Rg/R,) is chosen to
this rull—sga‘a cutput. For cur

thermistor bridge and a cne-pint flask
the wvalues shown gave full ocutput (+ 6

n--=tho more sensi-

ivity was dafi-

Audio variometer electronio schematic.

ential

741 Integrated circuit o

amplifier

T Thermistors, ~ 2000 ohms at room
temperature (Fenwall CR32J2)

R Fixed resistors are 1/4 or 1/10
watt urllcss otherwi indicatad;
resistors R tt Ry need not

be hmgh precision, but should
Tairly well matched so that Ro/Rg =
Ra/Ry , ete. depend on gai
desired. , and Rag are
miniature ; E; = bridge balance
(zero » Rg = threshcld, R,, =
volume .

VO 3) at about + 1500 (or 2 500) fpm.
TP gai the differential amplifier
15 Rﬂf so the bridge can bhe ¢l ad out

and the range and R, and R, determined by
using a milliammeter cor millivoltmeter
acress the bridge output. (For our bridge,
1500 fpm corresponds to abocut 1 ma or 300
mv., )

The output voltage of this [irst
rational amplifier is a linear func-
ticn of the bridge cutput. In circuits
of this kind, the closed lecop gain of an
amplifier is a function of ra s of pas-
sive elements (resistors) and is unaffect-
ed by drift in cpen-loop gain, supply
voltages, ete. The second op amp, in
nonjunckzon Witk Qy, Qu, Qz, and Q, dis a
volle aquency converter,.  The
action is as Lquou. The op amp acts as
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FIGURE 2

Sketch of thermistor mounting.

I. Lucite, ¥-in. thick x 1-in. sguare
with hole A, 1/8-in diamster in center,
concentric with holes A’ and A", and
nozzles D. II. Two k-in Lucite, % in.
x 1 in. (assembled perpendicularly on
opposite sides of I); heles B and R
threaded (% in.-20) to accept tubes III;
holes B’ and ¢ line up wit

th B and C,
respectively; the three blocks held to-
gether with 4-40 screws {(Through holes
B, B’ and C, ¢'); thermistor connections
made to the 4-40 screws IIT. Inlet/
outlet tub Y=dn. diameter x l-in.
length, th fit dintoc A’

and ITIT by the ¥-in. O-rings; nozzles D,
1/32-in. diameter x 1/8-in. long; op-
posite ends (holes E) connect to capacity
and static. One thermistor has leads to
screws through holes C/C° of Lop side of
I:; cther thermistor con bottom side of T
with leads to scrows through holes B/B'.
Thermistors positioned, by leads, in
Hole &, abocut 1/8 in. apart, centered
under nozzles D; leads are pressed (seal-
od) belween O-rings and part I position-
ing of thermistors divectly in ldine with
nozzles D is important for fast and sym-
metric respense; best to get them posi-
Lioned properly before compressing O-
rings (by tightening of screws through
heles B and )3 alignment can be checked
somewhat by looking into hele E, Chrough
nozzle D--can see only black if aligned;
should also be checked in the bridge
circult using a calibrated air flow
(ancther vario or a 0-50 co/min Tlow
meter) which can be generated by siphon-
ing water [rom a bottle.

voltage comparator, comparing tThe output
of the first op amp (point B on the sche-
matic) with the reference woltage from

Rg (point A). Assume that V; 15 less than
V, and Q, is cut off. HNow, as climb is
begun V, will begin to increase as ; 1is
charged through R,,. Az scon as Vy ex-
ceeds V, , the output of Lhe comparator
abruptly switches [rem low to high. This
triggsrs the ong shol (Qs, Oz, 0, ) which
fires for a period determined by Rps and
Cz. During this pericd Q; is turned on
(saturated) and the voltage at its col-
lector is very low. 3o C; begins to



discharge through Ry, and Q,, and as soon
as Vg Ialls below V,, the comparator out-
put goes low again. RLs soon as the one-
shot pericd is over, O turns off again
and £, begins to charge up again.

since the average currenlk into C, is
proportional to rate of climb, and the
average current out is preportional Lo the

3
"on™ time of the cne shot (constant) times
the rcpetiticn rate, the repotition rate

is a funection of rate of climh. (Inci-
dently, the click rate is not quite linear
below about 5C fpm.) When the duty ayele
of the one shot Cries to excecd about &0
percent, it will beg dewn and the appar-
ent audic frequoncy will actually deorease,
This consideration has some effect on the
choice of Ry, and ). These two comporn-
ents also pretiy much determine the maxi-
mum pitch--with the values shown we get
arcund 1000 Hz at 1000 fpm, but suit your

own ear,

The voltage splitting, which allowed
the use of the ncrmal sailplane batterics,
wzs accomplished with the zener diode cir-
cult shown at the top-center of the figure.
In addition toc its providing the inter-
mediate voltage regquired, it also dictates
very stable cperation; that is, response
fairly independent of the batteries go-
ing from 15 volts down to less than 12
volts or so. Most of the current being
drawn when there is no ocutput signal (ex-
c¢lusive of the bridge current) is consum-
ed in the zener diode circuit. Total
current from the batiteries is aboul 60 ma
in sink to around 100 ma in a bocmer with
the volume all the way up (which is pretty
loud). Several of Che capacitors are ob-
viously for the purpose of preventing in-
terference when the mike button is pressed.

The unit can be packaged in various
~-our particular installation occupies
. X 3% in. of panel space. The elec-
ics, assembled on a piece of porfor-

plastic circuit board, exclusive of
the thermistor mount, would fit in a brown
paper bag about l-in. thick, 4-in. wide,
and 6-in. leng. The speaker--a 2-1in.
sTOr radic type--was mounted in a

Jrars
typewriter-ribbon box behind the cockpit,
The pancel includes Chree %-in. diameter

po (zero set, threshold, volume), two
switches (on-off and range), and a 5/8-
in. ® 3/4-in. zero-center microammeter.
About all the meter is used for is setting
the zero belore take off, and actually is
nokt very uselful; in-flight seltings are
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made readily by sound, reference to the
PZL, and little white dots on the con-
trol knohs.

The circuitry, number of electronic
components, etc., could no doubt be varied
and simplificd. For example, the thres-
hold pet could be eliminated and threshold
set with the zeroc pot, probably; and rthe
two ranges are also probably unnecessary.
Fut this is the way we happened Lo put it
together. IE works and we like having it

crn the panel, and will probably ksep fly-
ing it until the brown paper bag and
saobch tape gives out,




