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CBGTJ'IOI/I naMITH BJIaCOBon TaTBHHLI CTenasoBHbI, '
Jydinel yaaTenbHATE aHTTARCKOTO SI3bIKA.
‘MoOe# IOHOCTH.

N

INTRIDUCTION -

In this course “Meteorological Measurements” we are going to study
methods of meteorological measurements and the main principles of
measure devices actions. The course is lectured at meteorological faculty,
so we’ll study meteorological devices. But physical principles of these
devices action are the same for all the devices, measuring the value.
That’s why you’ll easily understand hydrological devices, if necessary.

The course is read during two semesters. In the first semester we’ll
study only the main methods of meteorological measurements (lectures 1-
15). The second semester (lectures 16-28) is devoted to meteorological . .
devices themselves. The last lecture (lecture 28) is devoted to the
prospects of meteorological measurements in future.

Now let’s speak about the meteorological measurements themselves.
Nowadays an observer must measure a lot of values at the same time.
These- are air temperature. relative humidity, atmospheric pressure, wind
speed and wind direction, cloud base altitude, meteorological visibility
range -and many others. Take into account, that many values must be
measured in different points. Such measurements are difficult to be done.
by person. That’s why modern meteorological devices are, -as a rule,
remote devices. Let’s distinguish two groups of remote devices.

The remote device of the first group is the device with the sensor
placed in the point of measurements. It is connected by wire (or another
connection) with the special block- (the control panel) placed inside a
room. '

The remote devices of the second group have .no sensor itself
Sometimes they are called /ocators. We’ll dlbtlngul\h active and passive
locators.

“Active locators are the devices that emit signal to the point in the
‘atmosphere, we are intercsted with. The signal is reflected by the air
parcel and comes to the.receiver. This reflected signal depends on
metcorological values in the parcel. So these values can be measurcd.
There are laser locators (see lecture 28), sound locators, electromagmt
locators (MRL-2, MRL-5 and others).

Passive locators don't emit signal. They receive a signal, emitted by a
body, or by air parcel. Parameters of this signal depend on the
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meteorological values of the parcel, so these values can be known. For
example, electromagnet radiation, emitted by any body in infrared range,
depends on body temperature. By this method temperature of far stars can
be measured. , ‘ : ;

' To measure meteorological values is only the part of the problem.
Amnother part is to remember and to write the information. Then this
information must be analyzed and transmitted to line connection to a user.
You understand, such equipment cari’t be called “device” because it is a
complex. We’ll call them information-measuring systems. .

So, to begin with we’ll study methods to measure meteorological
parameters. The most important parameters are temperature, air humidity,
atmospheric pressure and wind parameters.



Chapter 1
TEMPERATURE MEASUREMENTS
| | A | Lecfur¢ 1.
1. HEAT INERTIA OF THERMOMETERS. .

The heat inertia is a property of thermometers. Due to this property
thermometers perceive the surrounding temperature with an ;nhibition
' R hee

£ &

0
ED’ convection

radiation

Fig.]1 Thermometer's body and heat fluxes.

The heat inertia 1s inherent only to thermometers, containing
thermometer's: body (e.g. bulb). Suppose, there is a thermometer -
mercury thermometer, for example (see fig.1). Let’s denote heat amoimt
in the bulb as O the bulb's surface as .S; the surrounding temperature as
® ; the bulb's temperature as T, the coefficient of heat exchange between
the bulb and surrounding as ©; the net radiation fluxes to the bulb as B;
the part of the bulb's surface, irradiated by these fluxes as 35 . and time as
1

The equation for heat exchange between the bulb and surrounding:
aQ

= =g -5(0-T)+BS" a.n
dr ‘ :



We know, that:

dQ =mc .dT,

where m is bulb's mass; ¢ is the specific capacity of bulb's material.

Then: —n—i-c—/-d—T=9—T+.£.
: ' a-S dr a-S
Lefc's denote:
me _ A and BS =R
as oS
Herefrom we Sbtam:
ar . '
A—=6~-T+R. 1.2)
dt S .

Let's assume;
1) B = const, so R = const.

S 2)60=06,+ )% where ¥ is a speed of temperature change.
The nitial condition tor the equation (1.2) will be the following:

T,

=0 = T(')

" Pay attention - values 7 and 1 are constant for the measurement time
range (about 10 - 15 min., not more). To tell the truth, « depends upon
the wind speed, this dependence can be expressed by the formula:

a=a+b\fp-V, (1:3)

where p is air density, @ and b are constants. But during 10 - 15 min
the wind speed ¥ can’t change enough to be taken into account.
To solve the equation (1.2) let's change the variable:

x=T-0=T-6,-y-7 |

Then we may write:

b )

- i & A 2 R S
PRl Y T #3 N {'\/ ot T '1';
i . ; i £




ar dx
— =ty
dr drt

Then the equation (1.2) can be written as:

l,‘(ﬁx_ﬂ,) =-x+R.
dr :
Or:

N
drt

Separating the variables, we obtain:

x4
X-R+y A . A

And, integrating from X, to X, We can write:

:‘fd(gc—R—fy A) “—'Tfﬁ
x-R+yd 34

Xa

Or, taking integrals: -

x—R+yA T
l——— =
Xo—R+y4 A

Then, getting over frogl xtoT:
g T-0=(1, —®OfR+7//l)-ie Y-y A+R (13

This 1s the equation we wanted to derive. Let's discuss it. The equation
is difficult enough to analvse it at all. First_of all we'll consider various
special cases the equation can be applied to.

I. Let's set y = 0 and 13 = 0. Herefrom it follows that ® = const and
R = 0. Then: '



T-0=(l-0)c * (16

It also can be represented in graph form (see fig.1.1):

"l Az

/ A

Fig 1.1.

The form of this curve depends upon 1. Therefore, A is an important
parameter. Let's consider its dimension. The exponent t/A must be
undimensional. Thus, the dimension of X is the same as the dimension of
T (time). On the otherhand, A = const for certain thermometer. Thus let's
call A the thermomcter heat inertia coefficient. Sometimes it is called lag
coefficient. One can easily understand, if t = A, T-0 = (To-®)-¢ .

The thermometer lag coefficient is the time range, during which
temperature differcnce between thermometer and suwrrounding would be
decreased by e times. - :

Any observer would like to have thermometers with low values . Let's
consider how to achieve this. To do so let's recall:

mc

A=

@S



- Hence, to make A low, m (the mass of bulb) must be loW', ¢ must be low
too, but S (the bulb's surface) must be large, and o must be high. But as
we’ve mentioned ¢ oc /p-V, where p is density of surrounding, V is .-
the speed of its motion (wind's speed). Thus, it's desirable to make the
high value of V, or to aspirate the thermometer. On the other hand, when
p is high (e.g. we measure water's temperature), o is high too, and A is
low. :
2Let'ssetB=0, ® =0, +7-T

Then:

' 7.

T-®=(T,-®+yA)e *~y1 Coan

From the equation one can see that when 7 — o, T'~0 — —y - 4.
Hence the sign of difference 7 —® depends upon the sign of . When
7>0 (it means, surrounding temperature rises), 7—®< 0. On the
~ contrary, when 7 <0 (® decreases), 7 —® >0 (but when ¥ <O only!).
Let's represent this dependence in graph form (see fig.1.2).

y >0 ‘7/“()'

a) . -b)

Fig.1.2
Pay attention - the themmmeter\ temperatme always lags behind
surrounding's temperature)
The value (7 —®) doesn't depend on Tjy. So, would T, more or less
~ than ®, 1t's not important for ultimate eftect.
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* When T,> ®, and ¥ >0 (or when ¥ <0 and Ty< @) the curve T

(7) has an extremum. But in the extreme point T'= @ ! I would like you
to prove this yourself.
3.Let’s'put ¥ =0 and B # 0. Herefrom it follows R # 0. But R is
always positive value (S’ > 0, > 0,8 > 0). ’ ‘ ‘
Then the equation will take a form:

T-©=(l,-®-R)e *+R L

When 7 > - T—® — R, that is always positive. To make this
value low it's necessary to decrease B (placing the thermometer into
shadow) and to increase ¢ (aspirating the thermometer). '

4. Inreality ® can fluctuate. We'll consider only right-angled function
®(7), as plotted here: '

T A

@]

Tt N T T3 T4

Fig 1.3

The thermometer's temperature will oscillate too, but when A is low
(curve 1), the difference T- @ is low too. it allows us to measure all
fluctuations. On ‘the opposite case, when A is high (curve 2) the

thermometer's temperature will make low occupafions round @ . So, it's
feasible to measure © ’
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Real meteorological thermometers have to be made according to .
specification: ' "

YA<AL o (1.9)

where Ar is a poss1b1e permitted mistake (about 0.1° “for
meteorological measurements).
~ So, we can write:

A o (1.10)
V4 .

Here y is a maximum possible rate of temperature change.

.

VOCABULARY

Heat inertia — TEINOBas HHEPUMA

Inhibition — 3agepxka

Inherent — cBoficTBEHHBIH -

Flux — moTok cBeTa, paiualuu ' )

Specific capacity — yaenpHas TEIMOEMKOCTE

Lag coefficient — xosdduument Temtosoi YIHepU,HI/I {(nocaoBHO -
k03 G UITHEHT 3aTIa3(bIBAHHS)

Aspirate — aCILAPUPOBaTh, 001y BaTh

Shadow — T€Hb

Lag behind — OTCTaBaTh



Lecture 2.
2. RESISTOR TEMPERATURE SENSORS.

Let's take a resistor. When temperature rises, the speed of molecule
movement rises too. Thus, it's more difficult for electrons to move
through such surroundings. A current via resistor falls. A value of
resistance rises. It is known from experiments, the dependence of a
resistance upon temperature is following: .

R=R(+a-1) @1

Here R is resistance, t is temperature in degrees centigrade, R, is the

resistance when f = 0%C and « is a resistant coefficient of temperature.
Let's plot this dependence (fig 2.1, curve 1).

R

t
Fig.2.1. The dependence R(t): 1 - f,of

thermoresistances, 2 - for thermistors.

The value « is different for different conductors, but _the order of their

magnitude is about 10 K1, Certainly, the resistor sensors must be

~ made with materials of high a value. Such as copper (¢ = 4.28 -107 K™,

platinum (o =3.94 - 107 K™ and others. Some materials, constantan for
instance, has & ~0. They are useful for medsunng equlpment too. (But
not as sensors, of course).

-Let's consider some other materials - semiconductors. As you know,
electrons within semiconductors can move from valence zone (Jow level)
to zone of conductivity (high level). Of course, it may be only when the
energy difference between these levels is not high. An electric field can
cause such a passage, then the material becomes a conductor. But the
temperature rising can cause il 100! Thus when temperature rises the
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" resistance of semiconductor decreases (curve 2, fig. 2.1). Such
temperature sensors (semiconductors) are called thermistors.
Let's pay attention on the following features of sermconductor

temperature sensors (thermistors);

1.The absolute value of & for them is hlgher than for resistance.

2.For the thermistors & <0 (R falls when temperature rises).

3.« isn't constant, it depends on temperature (the dependence isn’t
linear). _

4.The dependence R(t) isn't stable. It does vary with time. It means
that such kind of sensors can be adopted only once - for example in
radlosounds

3. MEASURING BRIDGE CIRCUITS.

To measure a resistance (e. q., thermoresistance) we may use
measuring bridge circuits. Now we will consider such circuits.
Let's take two variable resistances, which are connected as follows:

R, R
D
T_l ° @G J_
—1;]

Fig.2.2.

The méasuring instrument G may show a current ! When we move
handles of resistor, the current changes. It can either be greater thdn Zero
(1> 0) or less than zero (i < 0) or equal to zero (1 =0).

Let's consider the latter case, 1 = 0. For the sake of convenience we'll
redraw the circuit (fig.2.3).
It's easy to see from the circuit, that it 1= 0, the potentlal at the point A 1s
the same as that at the point B. So, the voltage drop over the resistor R1"is
the same as the voltage dr op over R4. On the other hand, the current il in
R1 is equal to the current in R2, and the current i2 in R4 i is equal (o the
current in R3. Tt allows us to write the equations:

Ry =1y Ry

LRy =iy R;
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,> R] /I;_%Z o :

' C . : fD v G)
| Rs & R
A
Fig.2.3.

Let's multiply the left part of the flrst equation by the right part of the
second one, and the ught part of the first equatmn by the left part of the
second one:

il ‘Rl ‘[2 'R3 :jl 'R2 12 ’R4
or, cancelling products ;. ;2
R, -R; =R, ‘R, 2.2)

This 1s the equation of the pglanced bridge circuit- Using it, we may
determine one of the resistance, e.q. R1, when the others - R2, R3 and R4
--are known. Such a circuit is called balanccd bridge circuit.

But in the other cases - when R -R; # R, - R,, the circuit isn’t
balanced. Then i # 0. Let's determine its value. To do so let's recall the
equivalent generator theorem and present it in form of following
equation: ‘
i= _ij_& ‘ (2.3)

Roo + Rg

where U, p is the voltage between points A and B, R. is the
resistance between pomts A and B while short-circuited (it means that the

. batterv is replaced with wire, R, is the resistance of measuring instrument

- e.g., galvanometer).



Now, let's find the expression for the voltage Uy,. It is:
Upp =04~ 95 2.4)

where .qv . and ¢, aré ﬂ1e potentials at points A and B. Aécording to
Ohm's law: ’

, e

where U is the electromotive force (EMF) of the battery.
It can be easily seen from the figure 2.4:

U

Fig.2.4

The small triangle and the large one are similar to each other (see
fig.2.4.) o ) -
By analogy with (2.5) we can write:

UR,
Qp = = 2.6)
‘R +R, :
Then:

R,+R, R +R, (R, + R,)(R: +R,)



16

. | ﬁ
Suppose, R, =R; =R, =R and R, ® R.

- Taking it into account, we can write:

Uyp=U"1"= V 2.7
4B AR 2.7

Now let's derive the expression for Rsc. For this case the circuit may
be drown as:-

Fig.2.5

And herefrom we can write:

R R, ;'R3 ‘R,

= 2.8)
S "R +R, R, +R,
- These expressions allow,us to obtain the formula for i:
. R -R :
i=U——"——" 2.9)
4-R(R+R,)

Herefrom R, can be calculated, if the current 1 is measured. Of course,
the values U,R and Rg must be known.

Thus we can use dishalanced bridge circuits as well as balanced ones to
measure the resistance. X -



. VOCABULARY
Remote - aucraRmEOHHBIH
Wide-spread - IMpOKO pacrpocTpaHeH b
Wire ~ mpoBoL’ )

Connection - coeAuHEHNE

Transducer - ipeo6paz0BaTh

Crowd - Tosma : ,
To resolve into components - pa3iOXUTh B PsAL
Copper - Mezib

Platinum — miaTuHa

Semiconductors - TOXYIPOBOAHIKA

Holes - JBIpIa1, OTCYTCTBUE 3IEKIPOHOB
Thermistor - TepMHECTOP /MOAYIPOBOAHHKOBLIA JaTYAK TEMIEpPaTy pbl/
Shortcoming - HEOCTATOK

Steady - craGWnLHEIN

Circuit - cxeMa

For the sake of - pamu /gero-mu6o/

Voltage drop - 1ajienue HanpOKeHAS
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Lecture 3
4. BALANCED RESISTIVE THERMOMETER

The temperature measurement can be made by balanced >br'idge circuit.
To do so let’s place a thermoresistor into any arm of circuit (see fig.3.1):

Rt B T

Rz

N

~

Fig.3.1. Balanced resistive thermometer.

To balance the circuit the variable resistor R2 can be used. /\ccoxdmg

to equation:
R Ry=R,-R, NERY

‘anv value of Rt (and consequently, temperature) COHeprHd\ 1 R2. By

such a method we can calculate the temperature:

Ro(1+at)'R3?R2~R4. (3.2)

1(R,-R
———(-—2,——4—1) (3.3)
a R3‘R0 -

All the values in this equation are known, including R2. Such a -
thermometer is called balanced resistive thermometer. ‘
Now- let's derive the expression. for the sensitivity of * that
thermometer. !

So, we obtain:



A sensitivity (S) of any device is a derivative of output value (Y) with
respect to input value (X):

According to this definition, we can write the expression for the
sensitivity of balanced resistive thermometer:

_dRy
dat

Taking R2 from (3.2) and differénﬁating it, we have:

S=a &—R—3. ' 34
Consequently, we can recommend two methods to increase -the
sensitivity of the thermometer:

1.To use a material with high o.

2.To use a circuit with high R2.

Now let's discuss sources of possible errors for this thermometer. We
may point out two specific sources of errors with balanced resistive
thermometer.”

1.Heating of thermoresistor by current. The followmg methods can be
recommended to shoot the error.
1.1.To reduce the current through thermoresistor, using low voltage
of battery, or using a high value of thermoresistor resistance.
1.2 To use an aspiration of thermoresistor.

2.Variations of resistance of wires (r) connecting the thermoresistor
with Circuit. To shoot this possible error three-wire circuit can be
used.(see fig. 3.2) - , ‘ N

Let's compate it with two-wire circuit (see fig. 3.1) We may point that
both of wires r in two-wire circuit (fig. 3.2) are in the same arm.

(Re*+2y)-R3=Rz2-Ra " (3.5)
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K
s ||
|
Fig.3.2 Three-wire circuit.

On the other hand, three-wire circuit (fig. 3.2) contains wires r in the

‘different arms. On this basis we can write the equation for three-wire

cireuit:

@R+7)-Ra=Ry-Re+1) 3.6)

Thl\ equation 1s more stable against variations of r than that for two-
wire circuit.

- Speaking about the th1rd wire, one may notlce - it's not important for
equations!

. 5. FEEDBACK CONTROL SYSTEMS.

AUTOMATICALLY BALANCED RESISTIVE THERMOMETER
We have considered the balanced resistive thermometer. But it's not

convenient to use it, because one must balance the bridge circuit. Could

we automate this process? Ym we can.

For this purpose feedbad\ control systems arc used. Let's consider
them. The block-diagram for such 4 system 1s drawn on fig.3.3:
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Sourse of * Measuring disbalance
information system signal l> bs
/\
Executive
element

. Fig.3.3. Block-diagram of feedback control system.

When measuring system's parameters don’t correspond to information
from a source, the disbalance signal appears. After amplification by
disbalance signal amplifier (DSA) it comes to executive element. This
element acts to a measuring system, changing its parameters. When these
parameters become comresponded with information from a source,
disbalance signal vanishes. The executive element finishes to operate. But
then the -information changes, disbalance signal appears again, the
executive element starts operating and all the cycle is repeated. Thus,

_controlling system's parameters are always comespondmg to mformatlon ‘
from source - e. q., to temperature

But the another course is imaginable. The executive element may act to
a source of information - for example to heat or to cool air in a volume.
‘Our home fridge operates so.

Now let's consider the circuit of automatically ~balanced 'resistive
thermometer (see fig. 3.4).

First of all we can see the bridge circuit - Rt - R3 - 12 - rl. It may be
balanced by the variable resistor rl - 12. When it's balanced, the voltage
in measuring diagonal is equal to zero. But when the circuit isn't
balanced, the voltage isn't equal to zero. Thus, amplitving signal comes to
reverse motor (RM). It starts to move resistor rl -12 and to balance the
bridge. It's easy to understand that reverse motor stops when the bridge
becomes balanced because the voltage in mea\unng diagonal is equal to
zero! _ _

On the other hand, the reversal motion moves paper recorder.
Consequently, we obtamn the paper’ with the plot of temperature versus
time.
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Paper

- - B e —————
recorder | . ; v

Fig.3.4. Automafical]y balanced resistive thermometer.

\

Such feedback control systems are widelv used in measuring instruments.

VOCABULARY

Balanced bridge circuil —~ ypaBHOBEIIEHHAS MOCTOBAsI CXeMa
Sensitivity - 4YyBCTBHTENILHOCTD

Output value — BrIXOIHASA BEIHIAHA .

Input value — BX0,/1Hast BEIMIAHA

Error - orpemHocTs .

To shoot the error — B36aBUTECSA OT HOTPCLIHOCTH
Three-wire circuil — TpeXIpoBoaHAA CXeMa

Feedback control system — cieasmas cuereMa ¢ OTpHHIATEIBROH
00paTHOH CBA3LKY ,

disbalance signal — cursan pasbananca

Amplifier — yewiurens

Executive element - 4CnOTHATEABHBIET 3 1eMEHT

Vanishes — ncuesacT, CTAHOBUTCS PABHBIM HY IO

Operate — pa6oTart (0 IpEbOpe, MEXaHNUsMe)

- Reverse motor — peBepcHBHBIN JBATATE

Paper recorder — camonucen
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Lecture 4.
6. DISBALANCED RESISTIVE THERMOMETER.

Disbalanced resistive thermometer (DRT) is constructed with bridge
circuit. But there isn't a variable resistor in an arm (see fig.4.1).

R ~
& 3 @

..%_@;H.
K RS ; — ,

Fig.4.1

-

All the resistors (lﬁ, R3. R4) are constant. Thus, the current I
through the instrument G depends on Rt, and on ‘temperature
consequently. Let's recall the equationfor current I It is :

; U- (Rt - R) v
j=—t 7 @.1)
4R- (R, +R)
where R is the value of resistance R2=R3 =R4 =R,
U is the voltage in the feed diagonal,
Rg is the.inner resistance of instrument G.
Substituting the expression for Rt to this equation, we obtain-
- U-(Ry(1+a-t)-R)

4.2)
" 4R-(R, +R) L

Let's dertve the equation for sensitivity of DRT. ‘According  to
definition of sensitivity, one can write:
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_ URyoa U«
4R (R, +R) 4(Rg+R)'

4.3)

. It can easy be seen from this equation how we can increase the
sensitivity of DRT. There is only one opportunity - to use a material with
high & for sensor. The other imaginable opportunity - to use a battery
with high U - can't be adopted! The error due to thermeresistor's heating
by current would be high too. :

Discussing sources of possible errors, we can point the following.

1. Heating of thermoresistor by current.

2 Heating of measurement instrument G by current.

3.Variations of resistance of w1res connecting the thermoresistor with
circuit.

4 Variations of voltage U in the feed diagonal.

To shoot the errors (1), (2) and (3), we can use the same methods as
those being used for balanced resistive thermometer. To shoot the fourth
error we have to control the voltage U, by voltmeter V for example. The
voltage divider R4 gives the opportunity to vary the voltage U, when
necessary.

7. DIFFERENTIAL RESISTIVE THERMOMETER.

Differential resistive thermometer Ril 5
i used for measurement : é < Q

temperature difference between two rd r3~d
points. lt can be made by using the 4%
-

bridge curcuit (fig. 4.2).

Here Rtl and Rt2 are the —O—o
_thermorcsistors. They have , .
absolutely equal values when '
ty=t, Bu, if £l ( E:E |
R, # R,, consequently, and the
bridge becomes disbalanced. One Fig4.2

can construct a balanced differcntial resistive thérmometer taking variable
- resistance R3 or R4, and a disbalanced differential resistive thermometer,
taking. R3 = R4 = const.  Such circuits are used quite often.

We'll see 1t V
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8. THERMOELECTRICAL THERMOMETERS.

Thermoelectrical thermometers are based on laws of thermoelectricity.
I'd like to introduce two of them for you.
1. Zeebek's law. A
Let's take a circuit (see fig 4.3)
Here A is a conductor made from one
sort of metal, B - from another metal.
So, 1 and 2 are the junictions. If there is

a temperature difference between A\/B\/A
junctions, a current / goes through the t t2
circuit: ’

Fig.4.3. Thermocouple.

— e‘- (t — 1)

4.4
R, (4.4)
Here e 1s the specific thermoelectromotive force (thermoemf),

t] and t2 are temperatures of junctions;
Ry 15 the whole resistance of the circuit.

Specific thermoemf "e" is-a EMF, appearing when the temperature
difference Al 1s equal to one degree. Certainly, it depends on sorl of
metals A and B. For any metal A one can tound it in special tables, when
metal B 1s platinum.

2 Peltje's law.

Lets take another circuit (see
fig.4.4.). Here the galvanometer is
replaced by the battery. So a current
given by the battery goes through
circuit. In such a case there must be a
temperature difference Afr, caused by
the current.

Fig. 4.4.

So we see - a temperature difference At causes a current (Zeebek's law).
But the current (from a battery, for example) causes a temperature
difference (Pelue s law).

Zeebek's law is particularly interesting for us, because it gch\ the
opportunity o measure a temperature difference Af. Really, having the
circuit (fig.4.3.) one may determine the temperature differcnce Af,
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measured the current by galvanometer! Such an apparatus is called
thermocouple.

Pay attention - it's possible to measure only temperature difference, not
temperature itself by the thermocouple!

But the value of specific thermoemf e is low (10® by the order) Thus,
the cwrent 1 is low too. To raise it let's use a circuit with many
thermocouples (see fig.4.5).

N
)

Fig.4.5. Themmopile.

It 15 called thermopile. The current through the galvanometer may-be
expressed by the formula:
ne(ty —1,)
nR, +R, +r
whete n is a number of thermocouples.
R, 1s the inner resistance of galvanometer,
r_is the resistunce of wires,
R, 1s the resistance of thérmocouples.
Now we can derive the expression for sensitivity of thermopile (8):

(4.5)

G di 3 ne
S d(h—1,) MR +R, +r

(4.6)

But let's pay attention to the following important circumstance. If
nR, >> Rg + # the expression for S can be rewritten as:
. he ¢
S=—=—.

nk, R,

Thus, S doesn't depend on n! Certainly, it isn't a favourable case. But
when nR, << Rg + 1, the sensitivity is proportional to n:

ne

S =
Rg+r
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To sum up we may say 1t'> useful to take low-resistance thermocouples
for thermopile.

Now let’s discuss the possible sources of errors for thermocouple and
thermopile. We'll mention three possible errors.

1. The Peltje's effect. A current goes through thermocouple (or
thermopile), and consequently, Peltje's effect occurs. Due to this the cold
junction becomes warmer, and the hot junction colder. '

2. Changing of wire resistant due to temperature changlng

3. Changing of galvanometer resistant.

To shoot all this errors the compensating circuit is used (see fig. 4.6)..

R2

Gﬁ“

Fig.4.6. Compensating circuit.

The current hom thermocouple goes through galvanometer. But there
is another current i2 from the battery G, going towards it.

One may regulate 12 by the resistor R1. When 1l =12 the galvanometer
shows zero. Thus, the current through thermoeouple becomes zero too.’
Peltje’s effect doesn't oceur, and the resistance of wire and galvanometer
isn't 1mponant

. The value Af can be measured upon the movable indicator of
R1.Usually there are several resistors used instead of single one R1.

VOCABULARY

Definition — onpeaerenue
Shoot — TUKBHIAPOBATH
Thermoelectrical thermometers — TepMOBIIEKTpUYECKHE TCpMOMeprI
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: Lecture S.
9, DEFORMATION THERMOMETERS

To begin with let’s recall one of the main properties of materials. I

‘mean the expansion of bodies under heating. Let solid rod have a length 1

The dependence of 1 upon temperature t can be expressed by formula

l=10(1+,8-t), . _ 5.1

where 1y is the length when t = 0°C,

B is the expansion coefficient of the rod material.

It should be seemed possible to determine a temperature t by measuring
the length 1. But the thing 15 that the expansion coefticient § is too low —
about 10™ - 10° K! for solid materials. Thus the sensitivity of such
method would be very low too.

A deformation thermometer consists of two plates concerted to each
other. The materials of these plates are different. Such a construction is
called bimetallic plate.

chg heated, bimetallic plate bu_m\ 10 bend. The angle of bend can be

~used as a measure of temperature. Let's derive the c\plexsmn for the

angle of bend as temperature function.
See fip.5.1. Here are two plates —-
upper and lower, they are made
from different matenials. Let's
denote their expansion coefficients
By and . respectively. The
thickness of each of them 13 b, so
the thickness of bimetallic. plate at
all is d=2b. The central angle is v,
the angle of bend is a. 1t can be Fig.5.1. Bimetallic plate

easily. shown that y = 2a. R 1s the

radius of curve up to the middle of
the upper plate. So we can express the length of the upper and lower
plates as:

I =y-R, (5.2)
d .
Ay =y (R_E); (5.3)
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Let’s subtract the equation (5.3) from (5.2). We obtain:

d -
A=l =y-—. (5.4)
TRy -
But from the other hand, according to the equation (5.1) this difference
can be expressed as:

L-bL=1-t(B - F,). (5.5)

Herefrom, taking into account that y = 2a , the following expression can
be obtained:

gl t-Bi-By) 5:6)
) d

One can easily obtain the expression for the sensitivity:

da l :
= LBy = p2) (,31 B ) 57)
dr _ d
Thus, bimetallic plate has to be taken thin. Moreover, coefficients B

and P have to be taken as different as possible and lhc ]cnglh ! has o be
taken long.

This method is used in thermograph. T'd like you o read about
thermographs yourself.

10. RADIATION THERMOMETERS.

Radiation thermometers give the opportunity to measure the
temperature of bodies placed far away from an observer (e.g., to measure
the ground temperature from an airplane).

The matter 1s that all bodies emit energy E; . This energy depends on
the radiation wavelength A and the temperature of the body. To analyze
this dependence let’s plot energy Ej versus wavelength (fig.5.2).
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/1 Ky, jim*s '
T>Ty> Ts

1010

10°

10 10° A, 10% 10% 10% 10t AW

Fig. 5.2. The dependence of E, upon wavelength L.

Considering this figure, we can come-to three important conclusions.
1. The dependence of E, upon wavelength A has an extremum. It
-moves to the left when T rises. It can be expressed by the formula:

A,-T=C,. (5.8

Here o 18 the wavclungth COIT upondmg to md\lmum of E,. This 1s
Wm s law, .

The mntegral energy E at whole spectrum rises when body 1s heated:

- ‘
Esz,di:aa-’[‘*._ (549)
0 '
W he]e o is Stephan-Boltsmann’s coefficient, o is grey coefficient. It
is Stephan-Boltsmann’s law.

3. The value FEj varies when temperature changes. This dependence is
expressed by Plank’s law: :

27 he? |

5 he
A 24T
. e -1

Eiz

(5.10)

Hem C is the hght speed, h is Plank s constant.
Consequently, we can suggest three types of radiation thermometeh
They are following. :
. Thermometer of maximal radiation. The output value is %,. This
thermometer is based on Win’s law,
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2. Thermometer of integral radiation. The output value is E. It is based

on Stephan-Boltsmann’s law.

3. Selective radiation thermometer. The ocutput value is E,, obtained in
narrow wavelength range AAl. For meteorological purposes AR is
“selected in infrared range. The value E, is maximal in this range.
That’s why such thermometers are usually called infrared

thermometers.

[t can be shown that selective radiation thermometers (or infrared

thermometers) are most sensitive.

Sensors of Radiation Thermometers

The main sensors of radiation thermometers are "photocell and

- photomultiplier. Let’s discuss them.
1. Photocell. The construction of
this sensor is shown on fig. 5.3.
Here one can sée a vacuum glass
balloon with two electrodes -
anode (above) and cathode {(below).
As usual, anode is connected with a
positive pole” (here — through the
‘resistor R) and anode — with a
negative pole (here 1t 1s grounded).
So there are a lot of electrons on
cathode. But -they cun’t leave it
because of low energy. When
cathode 1s nradiated by radiation

s%\

~—

Fig. 5.3. Photocell.

flux the electron energy increases. They leave cathode and fly to dnode
The potential of anode decreases. The higher is radiation, the deepu 18

the voltage step. So the voltage of
anode  can be .the measure of
radiation flux. After an amplifier it
18 measured by ‘instrument.

2. Photomultiplier. [t is similar
with a photocell (see fig. 5.4). The
only . difference 15 . that
photomultiplier has some additional
electrodes (one, two or more). The

potentials of these electrodes are’

formed by voltage divider — here it
is the chain R, - R,. So the potential
of additional electrode is higher
than cathode’s but more than

+

output

Fig.5.4. Photomultiplier.
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anode’s.

When an electron leaves cathode it flies to the first additional electrode
and strikes .other electrons from the surface. These electrons fly to the
second electrode where each of them strikes another electrons, and so on.
As a result, the whole avalanche of electrons flies to anode. Thus the
sensitivity of photomultiplier is much more than of photocell.

" Such sensors are used very often for light measurement. We’ll meet
them very soon.

VOCABULARY
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Lecture 6.

Chapter 2

‘MEASUREMENTS OF ATMOSPHERIC HUMIDITY

Atmospheric humidity is one of the most important meteorological
parameters. But before speaking about measurements of humidity let’s
list the values to describe the water contain in the air.

1. The absolute humidity a is the ratio of water vapor mass m to the

volume v of air, containing this vapor:
a=2 (6.1)
v
2. The partial water vapor pressure e.
3. The saturation water vapor pressure E, that is the maximal pdrtldl
Wwater vapor pressure at a temperature.
4. The relative humidity f, that is the ratio of pdl‘tlal water vapor
_ pressure to saturation water vapor pressure:

S =

5. The dew point temperature ta, T.hdl is the temperature when the
relative humidity becomes u]le] to 100% and dew appears.
6. The mass fraction 1s the mass of water vapor, contammg n one
kilogram of air.
All these values can be eaxxly connected with each other. You may _tmd
formulasin any meteorology textbook.
- Instruments used for measurements of humidity are called hvgwmete;\
But one of them — a wet-and dry-bulb hygrometer is also known as
psychrometer. Let’s consider the theory of psychrometer. :

©:2)

'TEI“

v

1. PSYCHROMETER METHOD OF HUMIDITY
MEASUREMENTS

Let’s derive the equation, connected wet-bulb temperature ¢ with
relative humidity f. First of all let’s consider the process of evaporation
from the wet-bulb. See fig. 6.1. Here t is an air temperature, t' is a wet-
bulb temperature, Q . is. a heat stream from the wet-bulb due to
evaporation, Q, 18 a heat stream to wet-bulb from air, Q, is a heat strcam
to wet-bulb from dry part of thermometer.



Fig.6.1.

Let <1, thus t'<t. Suppose, the thermometer was watered at the moment
1=0. The first appeared heat stream is Q;. The temperature of
thermometer began to fall. Then two other streams - Q, and Qs appeared.
The higher is the temperature difference t- t, the more are Q. and Q.
Soon the stable state will be achieved: Q. + Qs = Q,. This is the base
equation we begin our derivation from. Now let’s express the streams Q,
Q: and Qa. To do s0 let’s imagine the bulb as a big drop and use the -
Maxwell equation {or the evaporation from a drop surface: -

J =-4n-R% Diji. , 6.3)

dr

Here J'is the water vapor stream, R is the drop (or the bulb) radius, p1s
the density of air, D is the water vapor diffusion coefficient, C 1s the mass
fraction of water vapor, 118 the distance from the center of the bulb.
Taking into account that the surface of bulb § = 4nR’ and going from the
mass fraction ¢ to the partial water vapor pressure e, we get:

0.622-8-p-D de

J== )
P . dr

6.4)

The heat stream can be obtained by mult1p1vmg (6.4) by the xpeuhc
heat of water evaporation L.

0622-L-8-p-D de

G=- P dr’

65)

Here p 1s the atmospheric pressure.
The heat stream Q- can be written by following:
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dt E .
Q=mS S 66)
r
where A; is the cbefﬁcient of the heat conductivity of air. The heat
stream Qs is expressed by the same formula:

Oy =%y.s- > ©.7)

Here ) is the coefficient of the heat conductivity of the material of
thermometer — glass, for instance; s is the surface of the thermometer
neck. Herefrom we get to the heat balance equation:

___________.____;[1.5._+,1,2~s.?d;_ ‘ ‘ (68)

" Canceling dr let’s 1nteg1 ate the left part from E' to e, dnd the rlght part
. from t' to t. We obtain:

0622-L-S-p-D

(E'—e)=(X;-S+Xhys)-(t—-1') . (6.9)
r .

t [udmm We express the pd}tm] water Vdp()r pressure ¢ as 4 function 01
difference t- t'

e=F'—Ap(1—1'), (6.10)

where A is so called psychrometer coefficient:”
= M ) 6.11)
0622-L-S-p-D
The formula (6.10) is called psychrometer formula. It allows to
calculate partial water vapor pressure according to difference At =+t - t'
But to use 1t we have to know the atmospheric pressure p and the
psvchr ometer coefficient A. Let's take 1nt0 account the dependence DD
“upon p:

Dy-py=D-p.
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where D, is the diffusion coefficient when the normal atmosphqic
pressure po. Then:

A+ 3 ‘
A= ‘ = . v (6.12)
0,622-L-=-Dy- py o

>
~

= o

We can see, in (6.12) all the values are constant (taking into account
that 9—=const.)_ Ohly A and Dy depend on wind speed V. These
p ‘
dependencies are similar:
K] mﬁ; ) ) Dy \/17 .
So, when' V increases the first term in the numerator of (6.12) increases
too,” and when 'l become much more than the second term .
| (kl >> Ao —) . the dependence of V in numerator and in denominator is
- Y

cancelled. The psvehrometer coefficient wouldn’t depénd upon wind
i speed. The psychrometer that answers this condition is called jdeal
‘ ‘ psye hrometer.

Rt,d“\ the psychrometer coefficient depends on the wind \pced

, | N
l4=,-:,ﬁ(1+l-_”_?), (6.13)

" where a and b depend on the
thermometer construction (in

practice, p = 0.5). A

How can the ideal :
-psychrometer be done? v
Analyzing (6.12) we see — (o Fig.6.2. The dependence A(V): 1 —
"do. so we have to make the for real psychrometer, 2 ~ for

thermometer neck as thin as psychrometer, similar to ideal.
possible. Then the condition ,
(6.13) would be achieved.

For real thermometers TM-4 the psychrometer coefficient
A=7947-10"K". :
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Pay attention — psychrometer tables, which we use to calculate the
humidity, are contairied for these thermometers only! If we take another
thermometer, we can’t use these tables, because the psychrometer
coefficient is another! -

Let’s continue our derivation. Expressing the relatlve humidity from
(6 2) and (6.11) we obtain: :

f=-—— (t—t’). 6.14)
To express the ratio —EE we use the Clauseué-Klapeiron equation:

& _Lad 619)

. where R, is the gaseous constant for water Vapor. Integraﬁng the left pait
(6.15) from E'to E, and the right part from T'to T we get:

ln]? =_L(1_L) o - (6:16)
B RAT T
Or:
mE L (-T) 6.17)
E-R T'T

. Changing (T"-T) = t'-t and taking intov account T"T =T2, we obtain:

E' . L , C
| 1)1 E =—Rv7(t—f ) . (618)
Herefrom:
- - E .;»T_(l ) L ;
f=e | zl—Rsz(z—t.). 6.19)

The last expression is obtained by resolving the exponent into
components and taking only two terms. Substltutmg (6:19) into (6. 14) WL
obtain the final equation:

f‘:l--[ L +%J~(r—t’). ' ’ . (6.20)



138

Herefrom we obtain the expression for the sensitivity:

S_d(;——t’)_'* 1
dt L  Ap-

R T1T* E

v

(6.21)

Let’s analyze this.expression. To begin with we see — the sensitivity is
negative. It can be understood very easy ~ when the relative humidity
rises, the psychrometer difference t-t' decreases. When humidity is 100%
t=1t\ . .

Secondary, the sensitivity depends on temperature. The dependence is

. plotted on fig.6.3.

When temperature is
negative, the sensitivity S K%
is very low. That's why )
in winter, when the frost ,
is strong, psvchrometers 0.1
aren t used. - '

Pay attention to the

absolute value of ]

SensHIvity - it is about ,

0.1 KM. It micans, the  -30 0. 30 I
high precision can’t be :

achieved by Fig.6.3. The dependence of psychrometer -
psvehrometers, sensitvity on temperature.

In modern remote devices thermoresistors. are -used instead of mercury
thermometers.  The  psychrometer  coefficients are  obtamed
experimentally. Psvchrometer formula (6.10) is inputted into program of
computer and the relative sensitivity is calculated and shown on indicator,
Stations CRAMS-2 and CRAMS-4 operate by such a way.

VOCABULARY
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‘Lecture 7.
2. DEFORMATION HYGROMETER.

Some materials, for example, human hair free from oil and grease, can’
change geometrical sizes when relative humidity changes. The thing is
that surface of hair contains small paores, filled by liquid water when
humidity is high. For example, the dependence of hair length 1 upon
relative humidity f may be expressed by formula: '

I=lk-lnf | .1

Here 1/, is the length of absolutely dry hair, k is a constant coefficient.
Thus, the sensitivity of hair hygrometer S is:
gl Lk (72)
i f :
It's-clear that the scale of hair hygrometer is non-linear.
Such method is used in hair hygrograph. I'd like you to read about it in a
textbook.
Another material used for hy grometers is organic film. Usually it's used.
for airsounds, for sensors of stations and so on.

3. CONDENSATION HYGROMETER
(DEW-POINT HYGROMETER)

As vou known, when temperature 1s equal to dew point. the humidity is
equal to 1.-Thus, symbolising the saturation vapour pressure at dew-point
temperature T, by E,, we can notice, that partial water vapour pressure ¢
18 equal to E . ’
[~ Ed

And the relative humidity f at air temperature t:

Sl

=4 (73
E » )
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Thus, if the dew-point temperature Td and air temperature T are known,
the relative humidity f can be easily calculated. Let’s derive the

dependence of Ta on f. Integrating'ClausiuSLKIapeiron equation from Ta
to T (air temperature), we obtain:

In—=-"(=-—). (7.4)

(7.5)

As usual, let's derive the expression for the sensitivity S of
condensation hy grometer. Accordingto definition of sensitivity:
ar, . - R, B
S=d= % ? . (7.6)
L-(~=="nf)?-f
L )

Analvsing this expression, one may come to the following conclusions.
1. When relative humidity increases, the sensitivity diminishes.
2. When . temperature T increases, the sensitivity increases too. These
conclusions may be expressed graphically (see fig.7.1).
“The dimension of S 15 degree by percent (the same as for
psychrometer). But the absolute value of S 1s about 0.5 ~ 1 degree by
_percent. It's one order of magmiude more that the scnsitivity of
psychrometer! ‘
Thus, a condensation hygrometer is the most sensitive instrument for
humidity measurement. But the process of measurement is the most
durable. Nothing to do, everything demands to be paid off!
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Fig.7.1. The sensitivity of hair hygrometer as a function of
temperature t and humidity f.

This method can be used in winter as well as in summer. The problem is
to construct the device that determines and measures the dew /-point
temperature. Let's consider such a device.( see fig. 7.2).

Fig.7.2. Condensation hy grometer:

-

Here (1) 15 a metal mirror, (2) and (2') are little semiconductor fridges.
L is a source of Light (usual lamp or a light-diode), VD is a photodiode,
G is a source of current (e. q, & pile). A is an amplifier, "O" is an ob--
jective.
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Light-diode emits the light-beam, focused by an objectiver "0". The
- light-beam, reflected by the mirror (1) goes to the photodiode VD. Being
illuminated by light it is on.. A current from the source B goes through
photodiode to the amplifier A and then to fridges. The mirror's
‘temperature falls. When it becomes equal to dew point, a condensation on
mirror's surface begins. The light-beam can't be reflected, it's scattered.
Being not illuminated by light, the photodiode becomes off. The current
- doesn’t go to fridges, the mirror's surface becomes heated by air. Soon it's
temperature rises above dew point, the light-beam goes to photodiode,
photodiode is on and the cycle repeats. Thus, the mirror's temperature is
about Ty. It can be measured by resistive thermometer, for example.

Pay attention - this device is an example of feedback control system
we have already spoken about! The current, going through photodiode,
is a disbalance signal, the fridge is an executive element. Such systems
are used very often.

VOCABULARY
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» . Lecture 8
4. ELECTROCHEMICAL HY GROMETER.

Electrochemical hygrometers are divided into two groups:

1. Electrolytic hygrometers.

2. Sorption hy grometers.

Let's consider electrolytic hy grometers.

Any salt (NaCl, for example), being solved in water, dissociates by
lons. Of course, ions are charged — there are positive and negative ions in
solution. On the other hand, water molecules are dipoles. Thus, molecules
near ion (positive ion, for example) have to be oriented (see fig. 8.1). One:
may say, these molecules are connected with ion. '

D ‘ )
Fig.8.1 Hydrate envelope around
ion 1n solution.

There may be the second and the third laver of molecules around the
ion, and so on. But the connection of these layers with the ion is weaker.
The ion becomes similar to frightened hedgehog.

Such an envelope around the ion is called hvdrate enve lope and the ion
itself is called Avdrate ion.

Now, it's clear, the evaporation from such solution is difficult — most-of
. water molecules are connected in hydrate envelopes. Thus, the saturation
water vapour pressure E¥* above such solution is less than that above clear
water. [t's Rauhl's law, it can be expressed by the formula:

E"=EQ

@1
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where E is the saturation vapour pressure over a clear water,
iis the Vant-Hoff's coefficient,
¢ is the concentration of solution, -

M and 4" are molecular masses of water and the salt
respectively.

“Now, let's consider the processes of evaporation or condensation in wet
air. If the solution is placed to wet air, and partial water vapour pressure
e > E* | the condensation takes place. Thus, the solution becomes diluted,
and E* increases. Soon it becomes equal to ¢:

E¥=e _ (8 2)

"The condensation stops. ,

When water vapour pressure e < E* | the evaporation takes place. The
solution becomes concentrated, ¢ increases and E* diminishes. When
E*=¢ the evaporation stops.

Thus, we sec - E* is always equal to e
(see formula 8.2), this is the only stable
state for solution. Therefore E* and ¢
mdy serve u measure for a water
vapour pressure and relative humidity
f The problem is to- determine the
concentration C.

One- possible method to solve this
problem 1s to measure the resistance of
thin pored film, penetrated by solution.
The resistance depends on
concentration — when concentration
increases, the resistance diminishes.
Consequently. the dependence of the
film resistance on relative humidity
you can see on fig.8.2. As to measuring
the resistance of solution -~ it's
measured by bridge circuit we have
already studied.

Fig.8.2. The dependence R on f.
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. The sources of errors. We shall discuss three sources of errors for
electrolyte hy grometers.

1. Errors due to film hysteresis. Surface layer of film exchangeb a water
vapour with ‘air rather quickly, but inner layers — not so quickly.
Therefore inner layers may "remember" previous state. Due to this the
instrument overreads when humidity falls, and underreads when humidity
increases (see fig. 8.2). Such a property is named hystereszs of film. To
diminish hysteresis thin films are used.

. 2. Errors due to change of temperature. The resistance of f11m depends
on the air temperature. To diminish this error two bridge circuits are used
(fig. 8.3).

Brigde

circuit _‘l .
f T :
) Sum circuit | Output
I
- * Bridge I

crreurt
i

Fig. 8.3. Thermocompensation block-
diagram.

The signal from measuring diagonal of the upper bridge circuit
depends on humidity and temperature. The signal from lower bridge
circuit depends upon temperature only. The sum circuit sums. these
signals. So; if the temperature changes, both signals change and the lower
signal compensate the upper. If the humidity (,hanges the upper signal
changes, but the lower doesn’t! Such a circuit gives the output slgndl that
doun t depend on temperature.

3. The expansion of the solution by direct current (d.c). To avoid it the
d]lt_ITld(lllg current (a.c.) is used. The output signal is rectified.

5. SORPTIONAL HYGROMETERS

They are very similar to electrolytic hygrometers. The difference is that
the film of sorption hygrometers contains the dry solt, not solution. Being
placed to wet air, this solt transforms.to saturation solution. But there is
the mixture of salts within the film, and -every salt becomes solution at
certain humidity. Thus, the solution within the film i1s always saturated.
The mass of solution depends on humidity.
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To measure the mass of solution two methods can be used.
The first method is the measurement of the film resistance. But the
resistance R decreases- when the mass of the solution increases.
Therefore, the dependence R(f) isn’t the same, as for electrolytic
hygrometers (compare fig. 8.4 with the fig.8.2).
When air 18
absolutely dry  (f =
0), there is no water
within the film. But
dry- solt  doesn’t
conduct the current,
so the resistance of Ra
film tends to infinity.
Such a method is
realised by the device

sources of errors for
it are the same, as for

electrolytic

hy grometers. The

methods  to  avoid — — _
them are the same ~ v

100. Fig.8.4. The dependence R(®) for sorption

_ hygrometer.

The second method is to measure the mass of water within the film. To
do so the film is placed on the surface of quartz. As vou know, quartz is
piezoelectric. Thus, being used as the initial element of the electiic
generator, it oscillates. The sinusoidal signal appears. The matter is that
the frequency of this signal depends on the mass of the quartz (and the
mass of film, of course!). We see, the frequency of this signal depends on
humidity.

To measure the frequency of the electric current we have to use the
Jrequency meter. This method 1s realised in hygrometer “Volna”™ and.
“Volna-2" produced by our plants some years ago.

VOCABULARY

o -
Dissociate — QUCCOUUUPOBATE

~ Hydrate envelope — rusparnas o6onouka

Hysteresis —~ rucrepesuc
Piezoelectric — nbe3030eKTPUK _
Frequency meter — wacroTomep e
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Lecture 9.
6. RADIATION HY GROMETER

Speaking about radiation, I'd like to resemble you that any gas has
absorption bands. These are zones of spectrum in which radiation is
absorbed by molecules of gas. The absorption bands are lied within
.different zones of spectrum for different gases. For example, for water
vapour there are two main absorption. bands - from 250 to 300
nanometers and at the wavelength 694,383 nm. It follows that the
radiation within absorption band, going through air, depends on amount
of water vapour, e’ on humidity. This process can be descnibed by
Bouguer-Lambert's law:

J=Jy ekt ©.1

Here .J is the radiation, received by a receiver,
Jy isthe radidtion, transmitted by a transmitter,
+ k ; is the index of absorption: it depends on a wavelength
[ is a distance from transmitter to recéiver,
a is the absolute humidity.
Consequently; it's feasible to measure the absolute humidity by this
st The mdex of absorption for water vapour is known, it's abowt 0.45
©Sm /g (centimetre squared per gram) for A = 694,383 nm.

Well, let's derive the expression for sensitivity of.this method. The
input value is &, the output value is J, and thus the sensitivity is:

dJ o N
S=—"=—k, 1.e7Fa 9.2)
da
The dependencc of sensitivity S on a distance / is an extermal
function. S'is equal to zero when / =0, and it tends to zero when [ tends
to infinity:

=0, sto=0

i s

Sl

li=0



within the water vapour absorption band, 4, is outside it. The ratio =L
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Let's examine the function S(/)on maximum. To do so one has to take
a derivative:

: %: ket ek, 1.q). ©.3)

The equation (9.3) has two solutions:
1} g kata =0,s0 >0,
. ;

kj-a 7 .

The first solution -isn't interesting for us (S = 0), but the second
corresponds to maximum S(/). Therefore, the distance - between
transmitter and receiver must be determined according to this demand.

Now let's discuss the sources of errors of radiation hygrometer. There
are three of them. .

D) The influence of carbon dioxide CO2, having the absorption band
near water vapour. To avoid this difficulty. a carbon dioxide chamber 1s
placed on the way of radiation. The part of radiation absorbed. by carbon
dioxide would be absorbed within this chamber. Theretfore, the influence
of the atmosphere’s carbon dioxide is negligible.

2) Spurious signal — day light and others. To avoid this error, the
signal, we deal with, must be modulated. It means that the radiation must

2 1=

“be interrupted with a known frequency. Of course, the spurious signal

isn't modulated. The modulator construction has been alreadv shown,
when we discussed the radiation thermometers.

3) The absorption of radiation by aerosols, not by water vapour only.
But the thing is that aerosols absorption doesn't depend on the

wavelength. It's nonselective absorption. Thus, one may use two

transmitters -with different wavelengths A4, and A,. A, is selected

J
2
doesn’t depend on the aerosols absorption because aerosols absorb both
' . - J
Jy and J,. Bul water vapour absorbs only J,. Thus, the ratio -
. N . " 2

depends on'the water vapour amount only.
The desirable property of this hygrometer is the absence of inertia.
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7. RADIATION-ACOUSTIC HYGROMETER

This hygrometer is based on Bell-Tyndall's phenomenon. Let a volume
of wet air be in a closed chamber. Absorbing the radiation within
absorption band of water vapour, the air is heated. The pressure in the
chamber increases. This increasing depends on the water vapour amount. -
If the radiation is interrupted with an acoustic frequency, the pressure
oscillates with the samie frequency. The air would sound. It's easy to
understand that sound amplitude depends on humidity. The \ound 18
transtormed to clectric signal by microphone.

This muthod has the same sources of erfors, as the radiation
hvgrometer, we have just spoken about. They are avoided by the same
methods. ' '

8. CAPACITOR HYGROMETER.
As well known; the capacity of capacitor C is expressed by formula:

. E-Eg-S
C zb“’“‘i—, = (9.4
4r-d ' ‘

: : -
Here g s diclectric constant of the substunce between plates of

capyacior,

S 15 a space of plates,

d is the distance between the plates,

£, 1s the constant coefficient, the dielectric constant of vacuum.

Let the substance between plates be wet air. Thus & is the dielectric
constant of air. But it depends on humidity: :

E o
. . . 9.5)
T 7). 9.3

6:1+f’
-7

Here b and a are constant values,
T ixthe air temperature, expressed in Kelvin,
p is the atmospheric pressure,
E is the saturation vapour pressure,
15 the relative humidity.
Substituting £ to the formula for C, we get:
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s a E ;
1+— b—- . 9.6
d( +T(p+ 7 D)) 9:6)

It allows us to offer the method for humidity measurement. Measuring
the capacity of air capacitor we can determine relative humidity. Of
course, we have to measure the temperature T and to determine the
saturation water vapour pressure E. But this method is attractive because
of the absence of inertia. [t's used to measure fluctuations of humidity.

Let's express th wn\m\nv of this method. According to \Ll‘l\l‘.]\lt\
ddmmon

dC gy 8 £ : B
dr - 4rg-d 7% /
This expression can be represented graphically (see fig. 9.1),
sy

107 109 P05

/ oo
30 220 0 ~20 40 1YC

Fig. 9.1.

The dqnnduncc 12 on T is stronger than T2 Thus the sensitvity
increases with T rising. ' ‘

For measuring the capacity. C different circuits are used. For example,
one may use an oscillatory circuit involving air Ld]’)dcll()l Resonance
lrgqm_n(,\ of such d contour depends on a capacity C. The generator
involving this.contour generates a sinusoidal signal. The Iu,qucm_\_ of this
signal depends on C, and on bumidity consequently.

This method is realised in hy gxometer\ produced by Finnish hlm
"Vaisala", :
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VOCABULARY

Absorption bands — 1foocs! HOrNoIMeHNA
‘Index of absorption — Ioxa3aTels NOIIOMECHHUA
Spurious signal — mapasuTHbIH corman
Modulated ~ Moy THpOBaHHELH
Nonselective — HeceneKTUBHDIH
-Capacitor — KOHAEHCATOp
Oscillatory circuit — kogeGaTeIbHbIH KOHTYP
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Lecture 10.
MEASUREMENT OF WIND.

Wind velocity is a parameter that can't be measured directly. Thus
transducers for converting wind velocity into another magnitude - angular
velocity, for example, are used. Such transducers are called Totation
anemomelers (Or rotoanemometers), Two main types of roloanemometers
are known: .

i. Anemometer with cups. ‘ .
2. Anemometer with propéller,

Speaking about the construction of transducer we'll use another
classification: Now let's consider the theory of rotoanemometers with
cups.

THE THEORY OF CUP ROTOANEMOMETERS.

The cup rotoanemometer consider ol four (may be three) cups
mounted symmetrically at right anglesto a vertical axis (fig. 10.1).

Cr
, ,
oV [f\ 4 2

Iig. 10.1. The rotating part of cup rotoanemeter.
The force Fy exerted by the wind is greater on the inside surface than F;

on the outside and so cups rotate.
But when they rotate, the force Fi increases (the cup moves upwind)

“and F, decreases (the cip moves downwind). When F, = Fa it is stable

state and the angular velocity of rotation is constant.

To begin with let’s consider the stable state only. To express the
formula of anemometer sensitivity the angular speed V must be
represented. According (o theory of aerodyvnamics the wind pressure (o
the cup 1 (see fig. 10.1)1s:
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n=5G o8- (10.1)

Here C; is the aerodynamié resistance coefficient for the cup (1),
S is the projection of cup surface area to plate that \s
perpendlcular to wind direction;

£ 15 the atr density
V'"is the linear speed of cup in relation to moving air.
And the wind pressure to the cup 3 1s: -

: . e
py=5CapS /)7 (10.2)

Let's assume:
1. The friction is negligible.
The sum of all forces doesn't depend on position of cups, it is
L:(m\ldnl It allows us Lo consider the position drawn in fig. 10.1 only,
. The forces o cups (2) and (4) are nu_lmhk being composed with
1hu\c o cups (1) and (3).
Thus the u]ualum for stable state mav be written as follows:

R-py-KR-py=0, (10.3)
or. substituting (10 D and (10.2):

1 , 1 > :
SO P S VUV = Cop S )R

where R 13 the radius of the anemometer's arm.
U is the linear speed of cup.
As 1x known:

U=Q R
Where € is the cup’s angular velocity .

Herefrom we obtain:

i N

14 S
'1 2 2
( -D? =(=+ D% (105
o ) (U ) | L (10.5)
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Let's denote:

) C

(CIH E}-H
o=t (=) -]

G G -1

C, C.

PR ’
The ratio ~—~L doesn™t depend upon form of cup. s approximately

I
constant. It may be assumed that ?~L =4,

Thus the cquation lor @ has two roots:

1 s evident. o5 s the talse solution. because Vo> U thus g |
Taking 1 G sccount, we can wiite: '
[/.,
Q= (1060
o-R
where o =3,
Then let's express the sensitivity of rotoanemometer:

dQ

S = e
dV

= L a0

1
o-R
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Consequently, to increase the sensitivity, we have to use’
rotoanemometers with small R. The dependence of €2 upon V can be
plotted (see fig. 10.2).

4

e

Ir*
F1g.10.2. The dependence of ahgular speed
Qupon V. V7 is the threshold speed.

The value V7" is called jhreshold wind speed for the anemometer. It is
due to triction. We assumed the friction is negligible, but 1t isn't so when
the wind speed 1s fow. )

Of course, it's desirable to take an anemometer with low ¥, The wayv
10 do it is 1o make the friction as low as possible.
1 But this is only a hall of the problem. Now' let’s consider nun\lalwk
state - when anemometer rotates with aceeleration or deceleration. One
can simply understand this sitiation - the wind speed 1s changing by step.
So let's assume:

1. The wind speed is changing from V., to V. thus angular speed-of
anemometer changes from @, o Q. :

2. The friction is negligible.

3. The sum of all moments of forces for anemometer can be
represented by formula: '

a- |
ZM =T (10.%)
-Q

Here K is a coetlicient (it is constant for the anemometer),
@ 1s the angular speed,
n Is the number of cups.
On. the other hand the movement: C(]Udll()n for xotatmg xvstem can be
written:
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dw ' " Q- @ %
K- Z==NM, =kV?"—_= 10.9
dr g ' Q _ (199

Here K is a moment of inertia of the whole system,
7 1s the time .
Separating the variables, we obtain:

dw B k1?2

= -dr
w-Q K-Q

Let's integrate the right part from 0 1o 7 and the left part from @, to
w consequently:

w-Q _k-VZ .,
@, —Q K-Q

Or:
i _
w-Q=(w,~Q) ¢ K | (10.10)
Let's denote;
K-Q
—= L. 0.1
k-V. _

Taking it into account we get the final equation:

Vr

a)—Q:(a)”‘—Q)-e ‘1' S (10.12)

 The dimension of [, is length,. When V- 7= L , the equation takes
the form : : ‘ :

Wy —£2

w-Q= - (10.13)

e



57

~ The time ' satisfying this equation is called the fime of
synchronisation. SO, let's write the definition: .
The time of synchronisation is the time. during which the angular
speed difference between anemometer angular speed and stable anggla
speed would be_decreased by e times.
On the other hand, the air stream way during the time is udlled the

constant distance L.
Let's transform the expression in L:

K-Q K
= (10.14)
k- k-R-o -
Or, taking into account K = 72- mR? where m is the mass of one cup,
we can get:

n-m-R , o
L=———. . (10.15)
ko

From this expression we can see that the constant distunce L ois a
constant for the anemometer indeed. On- the contrary, the time of
svnchronisation 50t constant, it depends upon wind speed: ’

. . (10.16)

Herefrom the surprising conclusion can be got! When the wind speed
is high (and consequently, €2 is high 100), the anemometer perceives
it more quickly ! (See fig. 10.3). ) '
Now Jet's take mnto account the possible fluctuations of wind speed. The
anemometer would quickly respond to high speed, and rather slowly - to
low speed. When we measure an average wind speed. we obtain the
resull that is below the true value. :

So, rotoanemometer underreads the average wind speed. This
concliision is very important. Rotoanemometers aren't suitable (o measure
quick fluctuations of'wind speed. .
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@, {////%1

*® *
‘[_2 - . Tl

T

Fig 10.3. The dependence of @ on 7 when the wind
speed s low (1) and when the wind speed is high (2).
Of course, the possible error may be diminished if the constant distance 1s
low. Analysing the expression for L, we see - the anemometer must be

quite compact (with small R) and Light (with little m).

VOCABULARY

“Transducer — a9k (HI0K DACMCHTOR)

Mount — VeTaHaRIMBATEL, MOHTHPOBATL

FIXErt — ORashiBaTS ABICHHE, BLUSHBTL

Upwind = tipoTus Berpa -
Downwind — 1o gerpy-

Stable stale — VETAHOBHBITICECST COCTOABNC

False solution — toctoponnee peticHue

Threshold — ijopor, threshold speed - 1oporosas ckopocTsb
Nonstable — neyeranopupumiics

By step — ckavukoM

“Time of synchronisation — BpeMst CHANPOHH3aIHH

Constant distance — IYT1; CHHXPOHH3AIMHA
Perceive — BOCTIpMHHMATD
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Lecture 11_.

Now.let's discuss the classification of anémometers according to
construction of transducers. We'll study four types of rotoanemometers.
They are: : ’ ' :

1. Hand anemometer.

2. Inductive anemometer.

3. Contact anemometer.

4. Photoelectric anemometer.

Hand anemometer is one of the instruments used very often. This
is a portable ancmometer based on the principle of the windmill. When
cups (or propelier) rotate, the pointer is moving clockwise on a dial. The
number of divisions passed by the pointer during a measwed time
interval is determined. It is proportional to the wind speed. The average
speed can be read from a special graph.

. This anemometer is a simplest one. But it isn't a remote instrument,
It can't-be used in modern measurement systems. : '

' et

// INDUCTIVE ANEMOMETER

I

i

© This s @ rempote instrument: The sensot of inductive anemometer is
shown on ig. 111 S :

P
L\
)

1

Fig.11.1. Inductive anemometer with current generator.
Here (1) are the cups, (2) is an axis, - (3) is the magnet rotated by cups, 1.,
and L. are coils, connected in-series. When magnet rotates, an
electromotive force (EMF) is inducted in the coils. So, it is the electric
current generator. Of course, 1t is a.c. not dc. Its frequency and
amplitude depends on the wind speed. To measure the amplitude of the
current it must be rectified. The diode bridge VDy... VD is used here for
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it. When point (A) has a positive half-cycle of current signal (and B has a
negative one) the diodes VD, -and VD, are on, but VD, and VD, are off.
On the contrary, when (A) has a negative half-cycle (and B has a positive
one) the diodes VD, and VD, are 6n, but VD, and VD, are off. Thus,
point (C) has a pulsing voltage signal (see fig. 11.2, curve (1)).

Fig.11.2

To smooth out the pulsing voltage there is the RC-filter in the circuit.
The capacitor C charges when voltage is high, and discharges when it is
low. But it is quite a slow process if the product RC is high. So, using a
capacitor with a high capacity we'll obtain the output signal being almost
constant. [t can be measured by galvanomicter G OF couise, s scale s
calibrated in meters per second to measure wind speed )

" The sources of errors. The inductive anemometer hax {wo main
sources of errors, ‘ .

1. The avor due to magnet ageing. The thing iz that magnet
magnetisation decreases m tme, Thus ontput current sipnal decrcases too,
To elimmate this error the ancmometer 15 to be verified from tie to-tme.
The output current can be varied with a variable resistance K. So the
calibration may be restored. ,
~ 20 the temperature error, The sensor of anemometer is placed
outdoors. Thus the coils have a temperature of air. The resistance of coils
R depends on temperature. But according to Ohm’s law the output current
i depends on resistance: :

i

I's =R, + Ry, +R+ R, ~R+R,. (1D

where Ry s the resistance of coils.
Rye s the resistance of cable,
Ri s the inner resistance of galvanometer.
But if the resistance R is much greater than RL+ Ry, the expression on
1 can be wriften: ,
_ U
R+R,
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Thus the temperature error can be eliminated.

The inductive anemometer is used rather often for remote
measurements. For example, the remote meteorologxcal station M - 49
-has this anemometer.

CONTACT ANEMOMETER.

The idea of this anemometer is very simple. Once a revolution (or

once an p revolutions) of rotoanemometer a special clement closes an

electrical contact. The current pulse dppuus Thus the frequency of pulses
is proportional’ to wind speed.

.Asx vou can see, this method has a frequency modulation-of output
signal. Such a signal is more tolerant to disturbances, tlmn am sintude
modulated one.

Various elements can be used to provide such a pulse generation. But
most of modern instruments use hAermetic contact (hercon) and a magnet
(see fip. 11.3).

1

i

l 4 Output .

Fig. 11.3. Pulse anemometer with hercon.

Here (1) are cups, (2) is.an axis, (3) is a magnet, (4) is a hercon. (5
is a.source of current (battery, for example). The most interesting part of
this construction is the hercon. Jtis & closed glass tube. There is 4 vacuum
inside it. Two iron contacts are placed into this tube. Usuallv they are off.
But when a-pole of magnet is near hercon, the magnet attracts them and
hercon is on. A current ]‘lll\L goes to outpul. Thus the output signal has a
form;-pictured in the right part of fig.11.3.

The problem of measuring the frequency of this signal can be xol\cd by
frequency meter or by counter.

Such a method is realised in meteorologxcal xtatlon CRAMS - 2 we’ 1
study next semester.
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PHOTOELECTRIC ANEMOMETER.

) . : / .

Photoelectric anemometer also has a frequency-modulated signal.
This is the advantage of this instrument. [Its construstion is represented in
fig. 11.4. ‘

) e
l lgg\m’ to the current sourcee
3 vy
¥
{-@Eﬂ' output
s o .

Fig 11.4. Photoelectric anemometer.

Here (1) are cups. (2) 1s ab axis. (3) 1s the disk with perforations, VD, 1s
hght-diode. VD: s photodiode. Being placed wito wind stream cups
rotate. The disk (3) rotates oo, When the light-diode is on. the
photadiode can be uradiated v light beam. But the hipht can come to
photodiode through the perforatons onlv. Thus rotating disk mterupis
the fipht. The frequeney of ight sipgnal depends upon wind speed. B
lets récall that photodiode is on only bemg irradiated by light. To swm g,
we see - the ontpat current signal represents pittses, stch as can beseen in
f1g. 11.3. The frequency of ilus signal ix higher than that of contact
anemometer. This anemometer is used to measwre the wind bursts. 1t has
quite high sensitivity,

VOCABULARY
Windmill — Berpsinas MeinHUL
Clockwise — o yacosuif cTpeike
Dal — undepirar
Coil — xary1iika
1 series — HOCHCAOBATEALHO
Electromotive force (1:MF) — saexrpoasrky Hiast cuaa (9/1C)
Induct — uily nupyeres : :
4.C. — MEPECMEHHBIN TOK
d.c. — HOCTOSHHBIR TOK
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Tobe rectxﬁed 6BITE BmeﬂMJIeHHLIM (o Toxe, Hanpﬂmennn)
Half-cycle — monyneprox
To smooth out — craaguTe
Ageing — CcTapeHye
Magnetisation — HaMarHUHEHABOCTD
Eliminate — ycrpassTs
Restore - BOCCTaHABAMBATH
* Disturbances — noMexwu
Hermetie contact (hercon) — repMernieckiit KoHTAKT (FepKou)
. Advantage — HPEUMYIECTBO
Frequency meter — 4acroronep, IpAdop jUIs WiMepeis 4acTorh
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Lecture 12.
LASER ANEMOMETER. .

Laser anemoineter is based on Doppler effect. I'd like to remind the
essence of this effect to you When periodic signal .is perceived by a
moving body, the frequency of this signal changes: If the body
approaches to a transmitter, the frequency increases, if it moves away
from the transmitter, the frequency decreases. We can introduce the
frequency of perceived signal (v ) as a function of the body's velocity V:
, U+l

A

v

(12.1)

Here C is the speed of signal's propagation,
A -1s the wavelength of the signal.
I this signal is reflected by moving body and the observer perceives it
the frequencey of perceived signal v can be introduced as follows:

C+2F
V= e
A

sSuppose, we have a light signal. The wavelength of our light signal 1x
constant Tor this parpose we may use Jaser. The moving body 1s aerosol.
There are many acrosols in the atimosphere, - the speed of thelr motion 1s
equal to the wind speed. Can we measure the wind speed, using this
effect? I would be very difficult, because the light speed C is much more
than wind speed V. and the variations of signal frequency is negligible.

Nevertheless, this method can be used to measure a wind speed. Let's
use a ifferential method of measurement.  An optical block-diagram of
such a method s shown on figure 12.1. Here (1) s laser, (2) i
semitransparent plate, (3) 15 a mirror, V- ix the velocity of aerosol (wind
speed). Aerosol moves at the nght angle to a bisectrix of crossing two
light beams, V' and V" are projections of' V to directions of light beam.
So. the acrosol reflects two signals. But frequencies of these reflected
signals are different. The projection V' is directed rowards the beam of

Jlight B, but V' has the same direction as the light beam A
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Fig. 12.1. Optical block-diagram of laser anemometer.
Thus frequencies of signals can be myroduced by formulas:

('-2V-sinq
2

v, :—7— (12.3)

Y — (12.4)

But when the observer percetves two beams of light with different
[requencics, the result signal is the sum of amplitudes.  As a consequence
of this process, the amplitude of result signal changes periodically, the
frequency of this changing is the difference Av = v, —v,. Such an
effect 1s called heating. Lel's express the value of beating frequency.

ay -sin &
2

T o U2s
v . (12.5)

This is the frequency of changing amplitude of light, perceived by
observer. Certainly, one can measure it. With a frequency meter, for
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example. Now we can calculate the wind speed V, if we know the angle
a.
The sensitivity of laser anemometer can be expressed as follows:

.
dAv ‘4sm—2~

12.6
T av A (12:6)

This method s attractive due to the absence of inertia. Thus it can be
applied to measure the fluctuations. of wind speed. 1t can be used for
measurements of wind speed at the distance 10 — 20 m. or more.

THE WIND DIRECTION MEASUREMENTS,

The wind direction is measured by a vane. You can see a vane in

hg‘ 1:‘_.._.
\.‘_l,_ A

F12.12.2 Vane.

Here (1) 1s a board. (2) 18 a counterweight. A wind rotates the vane and
counterweight shows wind direction. This apparatus is verv simple, but
the difficudty 1s 1o make a remote device., Vartous methods can be used to
do so. We'llconsider only one of them: a synchro's method of
mformation transmitting. »

Synchro is an element, which allows us to transmit the information
about an angle of rotating (e.g. rotating of vane),

It contains two blocks - synchro-transmitter and synchro-receiver. They
are absolutely the same. Synchro-transmitter and \\ﬂ(,h]() recelver- are
connected with each other by cable. Eachof them contains rotor and
stator. Rotor is the rotating part, stator is unmovmg Rotor rotates within
the stator (sec fig. 12.3.). Rotor (see fig.12.3 A) is made of the iron, a
coil (Ly)isreeled up to a plece of iron. . ¥
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Fig. 12.3. Rotor of synchro (A) with a coil Ly, and stator (B) with coils Ly,
) L-and L1 )

Stator has three cotls (i, 1.2 and L), posiboned at the angle 120" to
cach other (see fig. 12.3 B)

The coils 1. L and 1z are absolutely the same. Both synchro-
transmitter (817 and synchro-receiver (SR) have the same construction.
ST s placed near the vane. and the axis of the vane is cormecied with the
rotor of ST, As 1o SR, 1ts placed within a-room on the observer's desk and
the rotor of SR s connected with lightweight seale pointer:

: o - !
SR ( T ' _ ST
i ER

: ' Lo
I.: )k‘ H ‘A,\ . -
. ((v N L. s ¢ ),1%,2 ‘,

f( — )W\l _;~4f ]
[mu _ . m-l,“'

~

Fig.12.4. Electrie cireuit of synchro-transnntter (ST) and synchro-
i receiver (SR). ’ ’
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" When the vane is rotated by the wind, the rotor of synchro-receiver »
rotates to the same angle! How can it be done? To understand it let’s
review the circuit of ST and SR, pictured on fig. 12.4.

The coils Ly, L, and Ly of synchro-transmitter are connected to the
same coil L;’, L,” and Ls* of synchro-receiver. The same about L, and
Lo’ An alternating. current feeds Ly and Lg’. But this is a transformer
connection of Ly and Ly (Lo and La; Lo and L), and, consequently. of Ly
and ;" (1, and L2, Ly and L2"). Thus, there are voltages in Ly, La, Ly and
L2, Ly and 147, Let's denote this voltages (alternating?) as 1. ; U Ul
and U™y Ul and U’ 3. You undcrstand. these voltages depends upon
angle of l “ dﬂd [a; Ly and Lz; Ly and Lz and consequentlv, Ly" and Ly
to and 1270 Ly and Ly bupp(_).\c rotors of ST and SR have the same
position. Then Uy = ULy U, = U2 1 Usa = U'a Such a position of
rotors is recalled matching position. The angle of Lg and Ly 1s cqual to the
Cangle of Ly and L7, the sume about L. and La can be said. At the

matching poxm(m there are no currents in wires between stators ST and
SR becanse of equal voltages. But when wind direction changes, the rotor
ot 8T rotates and the position s not matching. Now U, 2 1
o Uy #0050 The currents go through the wires and through
tie coils of stators. These currents cause magnetic ficlds around coils to
appear. - fhese fields mteracts with magnetic ficld around s and 1.7
rotating rotors. 13t there is only one rotor, that can be rotated - the rotor
of senchro-teceiver! Thus, it rotates and creates a nev matching position,
i he scale pomter shows the direction of wind.

Another construction of synchro contains all the coils (f. Lo, L and
L) stator. The rotor of such a synchro s a piece of ron having special
form. There isn't a coil in such a stator. This constraction is more
convenient, 1t is called contaciless syuchro. Vlere rotor is only a core of
transformer. It can rotate. The voltages in Ly, 1o and 1.» depend on
position of totor. As to others, the action of contactiess svnchro s the
same we have already discussed.

VOCABULARY

Propagation ~ paclipocTpaeHue

Semitr ansparent plate — NoIyIPoO3IpatHas NiIacTRHA
Beating — duenus

Vane — duirorapka

Counterweight — nporugosec

Synchro — cedbeHH



Rotor — potop

Stator — craTop

Reel up — HaMaThIBaThL

Matching position — cormacoBaHHOE COCTOSHHAE
Interact — B3anMoZIe#CTBOBATE

Contactless — GecKoHTaKTHEIH
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ATMOSPHERIC PRESSURE MEASUREMENTS

Speaking about atmospheric pressure measurements we must discuss

units to measure it. They are following

1. Pascal. (1 Pa_ SI- umt) It 1s equal to one Newton per one meter

squared:
W = 1IN/m?

This unit is too low to measure atmo»pheric pressure, because |

normal atmospheric pressure is about 10° Pa.
2. Hectopascal, 1 HPa, non-system unit. 1HPa = 100 Pa.

3. Millibar, T Mb = [HPa. It is quite old non-system unit, but

atmospheric pressure 1s measured in millibars till now.

4. One millimeter of mercury column (Imm. m. ¢.). It isn’t system

unit. it appeared due to mercwry barometers. As you
Imm. m. ¢. = 1,33 HPa.
5. One tor (Tor), the unit named m honor -in Torichelly, |
Tmmonee. Tos used for low-pressure measurements onlyv.
The devices for atmospheric  pressure  measurements  are
harometers. )

LIQUID BAROMETERS

All liguid barometers are based on
Torichelly's effect. When a tube
with a heavy liquid (e.g. mercury) !
1s turned over a cup with the same
hiquid  (see fig 13.1), there s
vacuum above the liquid within the
tube. The atmospheric pressure 1o
Hquid 'in the cup is equal to the
welght of liquid within the tube. An
altitude h ot the mercury column
depends on atmospheric pressure.
- To obtain this dependence we can
write the equation:

know,

called
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Here p is atmospheric pressure, p is the densﬂ:y of hquld g is the
gravity acceleration.
Solving this equation for h, we get:

he L
s

The altitude h can be written on @ scale near the tube.
L n,t write the expression for sensitivity of hqmd barometer:

L

ap p-g

S =

)

You see — the sensitivity 1s proportional to p inverted. The question is -
why the merewry s used? The density of the mercury is the highest. So.
the sensitivity is the Towest Try 1o answer this question voursell’

The construction of the barometer is shown on tig. 13.1. [Uis named cup
~ barometer. There is one pecaliarity of this barometer. When atmospheric
pressure changes, the mereury Jevel within the tibe changes. but the Tevel
in the cup changes too! It is undesirable, because the level in the cup is
the pomtreckon of the scale. To ehminate this ervor divisions with the
length 0,98 mm. (instead of Tmm) divide the scale. \u«_h a scale s named
compenialed scale.

Another construction  of  mercury hammcler named  siphon-cup
barometer is shown on fig.13.2. c

Here you can see the long tube with mucur\ and a short tube ()anLd
above. They are put into a skin bag. Below the skin bag there is the
screw. The observer can rotate this screw and change the level in'the long
and on the short tube. The mercury level in the short tube must be got to
the pomnt-reckon. The mercury level in the long tube indicates the
atmospheric pressure. Such a barometer hasn’t compensated scale.

After reading the mercury level by scale an observer must apply. some
corrections to the results. There are thlee corrections to. be dpphed for
mercury barometer..
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I. The correction for temperature. The density of mercury depends
upon temperature, Thus barometer data must be corrected to 0°C. Tt
can be done by using special tables or with the formula:

» .
Ap=—l-w-a
Here 1 is the altitude of mercurv column, o is mercury expansion
- coctficient, t is lemperature in centigrade.
2. 'The correction for the gravity acceleration g.

2.1, The correction for g changing due to altitude above sea level. [t

can be calculated with the formula:

, Ap=-lyez :
Here z is altitude of the station above sea level, y 15 constant

coefficient (y = 2-107 M),

2.2, The comrection for g changing due to latitude. Barometer's data
must be corrected to 45° latitude. Let's write the formula for this
“correction: '

Ap=—I-b-cos2p
Here @ is the latitude of a station, P is the constant coefficient

(B=2,05-10™. e

3. Instrumental correction. Every barometer has its own instrumental

correction. This correction is due to peculiarity of a device.
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'If we apply these corrections, we’ll know the atmospheric pressure at the
station. But to draw meteorological maps we have to calculate the
pressure at the sea level. The meteorological maps are drawn for altitude
h = 0. Certainly, we can do it with the barometrical formula, or using
special table for every station.

' D/EFORMATION BAROMETER

The sensor of deformation barometer is a barometer capsule. It is shown
onfig 13.3.

Fig. 13.3. Barometer capsule.

There is vacuum inside this capsule, so atmospheric pressure
compresses it. But the material of these capsule walls is restoring. Thus
the box compression depends on atmospheric pressure. We can read the
data on the scale. Sometimes two or three capsules are ‘connected in
series. Such a sensor is named sylphone.

This barometer 1s very simple and convenient for using. It is named
aneroid. But it-has two sources of errors. Let’s consider them.

1. Temperature error. Wall elasticity depends on temperature. Thus, if
temperature tises, the capsule-compression increases. To eliminate
this error two methods can be applied. i »

1.1, Bimetallic compensation. Let’s place the sylphone onto

bimetallic plate (see fig.13.4).
When temperature changes, the bimetallic plate (2) moves sylphone (1)
with a pointer up or down. The temperature error can be compenxated by
such a way. To correct the value of compensating movement there is a
screw (3). It can be moved to the right or to the left. The len; gth l of the
bimetallic plate active part 1s changed so.
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Fig.13.4. Bimetallic compensator.

1.2. Gaseous compensation. Sometimes there is a gas within the
sylphone, but the pressure inside is very low. When temperature
rises, the gas expanses. The expansion force compensates the
compression due to the temperature error.

2. Hysteresis of the sylphone. The matter is that sylphone has

permanent set. Thus, when pressure increases, aneroid underreads
data, when pressure decreases, aneroid overreads (see fig. 13.5). '

~ APy

5

Fig. 13. 5 Hysteresis of sylphone. Py is pxes\ure read bv the
scale, P is real atmospheric pressure.

To climinate this error observer has to knock the barometer with a
finger. The pointer will move to another (right!) division.

VOCABULARY

Cup barometer — JameqHbIH-6apoMeTP

Point-reckon — To4xa orcyeTa

Siphon-cup barometer — cudoHHO-HalIC Y HBIT GapoMeTp
Screw — BUHT

Correction — Honpaexa

L atitude — mmpoTa

Sylphone — cuipdon
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. Lecture 14.
ACTINOMETRY MEASUREMEN‘TS

Actinometry measurements are measurements of solar radiation fluxes.
The importance of these measurements needn't be proved. Most important
actinometry values are the following.

1. Direct solar radiation, S.

2. Diffuse radiation (or scattered sky radiation), D.

3. Accumulated radiation, ie. the sum of direct and diffuse rad1at10n
S+D.

4. Radiation balance, B, 1e. the difference of downward radiation and
upward radiation.

Many methods can be suggested to measure these actinometry values.
Some of these methods are listed in table 14.1. Let's discuss them. '

Table 14.1.

N | Methods | "Sensitivity Wave-length ranrgé_,i
1 _Calorimetric method __Rather low 0.0 '
2| Photoelectric method . Very high ) 1. 6:()() nm o
3 ]’hotogx aphic method Very high 1.. 1200 nm. |
4 | Visual method | _Rather high . 400.. 759g_rp ,

Only one of these methods is capable to measure all wavelength
radiation. That’s why calorimetric’ method is chosen for actinometrv
measurements. The essence of this method is using a black body (or black
plate), heafed by radiation. The temperature difference of the black body
_and-air is proportional to radiation flux. It is measured by thermopile for
example. This method is used in all actinometry instruments (in Russia
and ab oad)

DIRECT SOLAR RADIATION MEASUREMENT

To bcgm with let's say a few words about absolute and relative
instruments.

An absolute instriument doesn't involve a calibration. A measuring
quantity is compared with another one, which value is known. For
example to weigh a body we may put it into one cup of balance. Then we
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must equilibrate our balance with some weights, putting them to another
cup. This is the absolute instrument, the absolute balance.

But there is another method of weighting. Suppose, there’s a spring
under the cup, and the cup is connected with a pointer. The weigh is
transformed to an angle of a pointer by such a way. This is the principle
of relative instrument, relative balance. AOf course, relative instrument
must be calibrated.

Now we'll study two instruments for measuring direct solar radiation.
One of them is the absolute instrument. It i1s the Angstrom’s compensation
pyrheliometer. Compensation pyrheliometer is pictured on fig. 14.1.

Fig. 14.1. Compensation pyrheliometer.

Here (1) is the tube with two right-angle holes (2) in the side, directed
to the sun. One of these holes is open, another is closed. Sun radiation
illuminates one of the right-angle black plates 3 or 37, placed on the
bottom of the tube. So, one of these metal plates (37, for example) is
heated by direct solar radiation. Current from the battery B heats another
plate (3). This current may be changed with a variable resistance R and
measured with a milliampermeter (ma). A thermocouple (4) shows the
temperature difference of two plates. An observer makes such value of
current i, that the temperature difference becomes zero. Thus the heat
-amounts to both plates (per seu)nd) are equal to each other. It can be
introduced by equation:

§+Ses = i'r

Here S 1s direct solar radiation ( in KW/m ),
s 1s the square of plate,
9 is the coefficient of radiation absorption by plates (for black
plates &= 1),
1 1s the Iesl\tdnbe of pldte
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Herefrom the expression on S can be easily obtained:

r

S=—i=K.{
J-s

where K is a constant coefficient, which is known for the
pyrheliometer. " )

To make the observations more accurate the key X is turned to the right
position, the opened hole closes and the closed hole opens. Then the
process of observation is made once more. The average result is
calculated. ' .

Now the Angstrom’s compensation pyrheliometer is used only for
calibration of actinometers. ‘

To galvanometer

b)

Fig.14.2. Thermoelectric actinometer.

i
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Thermoelectrical actinometer is another instrument for direct solar
radiation measurement. [t is a relative instrument. Thus it must be
calibrated. But it is more convenient for every day measurements.

You can see the circuit of thermoelectric actinometer on fig.14.2.

Here (a) is the sensor of actinometer, placed to the special tube (b). This
~tube 5 is directed to the sun so that solar radiation irradiates the silver
disk (1). Diaphragms (4) allow solar rays irradiate only the disk, but not
the copper ring (2) that is in the shadow. Solar radiation hedts the black
surface of silver disk. Thus there is a temperature difference of silver disk
and copper ring. This difference is proportional to direct solar radiation.
It is measured by thermopile (3) with 4 galvanometer.

Direct solar radiation S can be calculated by expression:

S=K (N-Ny) (4

Here K is a coefficient, it is constant for the actinometer; N is the
number of divisions, pointed by galvanometer at the moment of
measurement; N, is the number of divisions when actinometer 1% closed
by cover. The coefficient K is determined for each actinometer at the
factory and it is presented in calibration certificate.

DIFFUSE RADIATION MEASUREMENT

Diftuse radiation is measured by pyranometer. One may think, it is
very easy - the disk (1) must be frradiated by light from the entire upper
hemisphere, t. i. from the sky. But two main difficulties have to be
solved. ‘

1.To place the cold joins of thermopile to the shadow.

2. To elimmate the heat loses due to wind. k ,

The first difficult 1s solved in the. following manner. A sensor of
pyranometer is the plate with white and black squares, like a chessboard
(see fig. 14.5)). ‘
Black squares are covered by soot; white
squares are covered by magnesia. Soot
absorbs whole spectrum of radiation, but
magnesia . .absorbs  only  long-wave
radiation. Consequently, the temperature
difference of black and white squares is . Fig 14.3. Pyranometer sensor.
due to short-wave radiation. :
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As we know, diffuse radiation has maximum within short-wave range;
that's why the sky is blue. Thus, to measure diffuse radiation we may
measure temperature difference of black and- wh1te squares. It is measured
by thermopile with galvanometer.

Using a transparent glass cap (1) (see fig 144) solves the second
difficult.

—| B

Fig.14.4. Pyranometer. 1 — transparent glass cup, 2 — ‘'sensor, 3 —
metal base, 4 — screws to connect the thermopile with galvanometer,
5 — shadow screen, 6 — drier, 7 — metal white cover.

"The glass isn’t transparent for wavelength less-than 320 nm, but
maximum diffuse radiation is within 425 - 450 nm range.

To measure diffuse radiation only the shadow screen (5) is used. It is
metal disk, shadowing the sun from the pyranometer sensor. To-measure
accumulated radiation (S+D) the shadow screen must be displaced.

The diffuse radiation is calculated by formula:

D=K-(N-No)
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Here N and NO are number of galvanometer divisions at the moment of -
measurements (N) and with a metal cap (No). But the coefficient K
depends on sun zenith angle 6. This dependence is plotted on fig. 14.5.

ko 4-

Fig.14.5.

To make calculations more convenient the coefficient K 1s divided by
two ones: K = k - k¢ where k depends on the pyranometer only, it is
constant for the pvranometer. Coefficient ke depends upon only 6 and the
graph k (0) is universal for all pvranometers.

VOCABULARY

Flux — norox. (pajimanun)

Diffuse radiation — paccestHHas, pajyanus
Scattered radiation — paccesHHas paJuanys
Accumulated radiation — cyMMapHas pagHanys
Downward radiation ~ pagvalps, TafarImas cBepxy
Upward radiation — paauanus, By mas CHA3Y
Essence — cyingocts

Diaphragm — nquadparma

Copper — Mejtb, MeHbIH

Calibration certificate — popmysip

Entire — 110HbBIH, TeAbIi

Soot —caxa - v

Magnesia —Marsesus

Drier —ocyimvrens

Shadow screen — TeHeBO} 3KpaH, TCHHIKA
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Lecture 15.
RADIATION BALANCE MEASUREMENTS.

First of all 1’d like to recall of the radiation balance definition to you.
According to it, radiation balances the difference of radiation fluxes from
upper hemisphere and from lower hemisphere. It is measured with a
balansometer. The main part of balansometer is two black plates placed
one above another (see fig. 15.1.): The temperature difference of two
plates 1s due to the difference of radiation fluxes, i.e. due to radiation
balance. This temperature difference is measured with thermopile.

/\y
N—

.Fig. 15.1. Balansometer.

No\\ let's consider the theory of balansometer. On fig. 15.2 you see
three radiation fluxes directed to upper plate (2)

They are - direct solar : 4
_ radiation S, diffuse radiation D, S D Ea acly  o(Ti-0)

and the - emission Ea of l L l
atmosphere itself. On the other .

hand, there are three fluxes of /o (T T ' L
heat from the upper plate. They Mz (Th-Ta) Z

are - convective heat flux

o-(Ty-8), the emission of upper T T T \ \
plate to atmosphere acT,, and . -
the heat flux from upper, to $° D EatEe aoh' a(lr6)

lower plate Az (T1-T2). . Fig.15.2
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Let’s express these fluxes (per square unit per one second). Then
convective heat flux may be expressed as o-(T.-8), where « is a heat
exchange coefficient, T, is the temperature of the upper plate and 0 is the
air temperature. Radiation flux is acT,* where a is gray coefficient (for
~ black plate a = 1), ¢ is Stephan-Boltzmann coefficient. The heat flux from
upper plate to lower one is A/z (Ty-T3), where & is the heat conductivity
coefficient ‘of the substance between plates, z is the thickness of
balansometer, T, is the lower plate’s temperature. Certainly, the sign of
this flux depends upon the sign of temperature difference T;-T;.

~ Now let's speak about the lower plate. There are three radiation fluxes
to this plate - solar radiation, reflected by earth surface S’, the radiation,
. scattered by atmosphere below D’, the emission of the atmnosphere below
and-earth emission E+ E .. Of course, we must take into account fluxes

of heat from the lower plate. They are — convective heat ﬂux a(T,-6) dnd
the emission of the lower plate acT,".

Suppose temperature of the plates Ty and Tz are constant. So, we have
a stable state. Let's write hedt balame equations for two p]ates For the
upper plate 1t is:

S (S+D+L ) ao- 14+oc (1 9)+ (I,-T,) " ¢
Here & 1s a radiation absorption coeffic ienf.
And for lower plate: -
o- (S+D+F +E )+ (1,-T)=a0" f4+a (1,-6) 62
Subtracting the equatién (2) from (1) we get:
§-(S+D+E, ~S-D—E ~E ).—.
=aoc-(1- ]4)+a (1, f)+ (T ) ¢ 3

The expression in brackets in the left part of this equation is radiation
balance B we are going to measure. On the other hand we may write:
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T T} = (=T TP+ TH) ~ 2T (T, - T T, + Ty) ~ AT (T, +T;)

~Here:

Thus we get to equation for B:

5-B=(T-TJa+40%-a-c+2%) o
R ‘
-And the expréssion for B:
atdac T +2% B
B= - »—~g~--~—-z~-(l’l -1,)

But the temperature difference (T, - T2) measured by thermopile, may
be expressed as: -

c 12

1 I'Ry‘
7-7,="7
e-n

Here i is the current through the thermopile, R; is the total resistance
of the circuit, e is specific EMF for-the. thermopile, n is the number of
joins. Taking it into account, we can write the expression on i;

i= en-d .B G 5)

R; (a+4-ac-®° +2£)
’ z
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" The sensitivity of balansometer can be expressed as: -
di _ enod

db

(1 56)
Rs (a+4-a0-0° +2£)
~ z

Thus, to have a sensitive balansometer we must make the values e and
n quite high. As to radiation absorption coefficient 3, it is approximately -
equal to 1 for black plates (3=1). In Janishevsky's balansometer n = 500.

The main source of errors for balansometer is the dependence of
convective heat exchange coefficient on wind speed a (V). Unfortunately
.glass cap isn’t suitable for balansomeéter. The only may to eliminate this
error is to make this value less than other terms:

_ a<<4-’a-0'-®3+2é asm
z

For this purpose the thickness z is making so thin as possible (z=0.5
sm.). Doing so, we decrease the sensitivity. But this is the usual price for
eliminating the source of errors. g

As usual, we determine the radiation balance with the expression:

i ) B =k (N=Ny),

where 'k is a coefficient depending upon wind speed.

VOCABULARY

Balansometer - 6anakcomep ;
EMF — 3/1C, »iekTpoABHXKY sl CHla -
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Lecture 16.

CLOUD BASE ALTITUDE M‘EASUREMENTS

. There are 3 main methods to measure the altitude of a cloud base.
They are following:
" 1. Visual method.

2. Balloon method. -

3. Light - location method.

We'll study only the third method. It 1s most convenient and most
accuracy method. The principle is that the light pulse goes from the
transmitter to the cloud and being reflected returns to the ground surface. -
The time of light travelling depends upon cloud altitude H. ThUb H can
be calculated with the formula:

H=% | * .1
2

But the time. T is very low (10° — 10%). So, it'll be very dlfhcult to
measure it. Fortunately, modern devices can do it.

Two main devices are used now in Russia for cloud base measurements.
They are cloud altitude meter (wsMepurens sbicoTn obaakos UBO-1m),
and cloud altitude register (permcrpatop BbicoThl 061akoB PBO-2M).
We'll study the device UBO-1m.

CEILOMETER UBO-1».

~ The ceilometer UBO-1um is based on light-location method. The most
important element in this device is cathode-ray tube (CRT). Thus let me
explain it to you. Cathode-ray tube is drawn on fig. 16.1.

Here (1) 1s cathode, (2) is electrode-modulator, (3) is the accelerate net,
(4) 15 focusing electrode, (5) are vertically deflecting plates, (6) are
horizontally deflecting plates, (7) is anode, (8) is the screen, covered by
phosphor. Electrons, 'ﬂymg from cathode to anode, are focused by
electrode (4) so, that we can see a light-point on the screen. But the
electron flux goes between vertically deflecting plates (5) ‘and between
horizontally deflecting plates (6).
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Fig 16.1. Cathode-Ray Tube (CRT).

Suppose, a voltage is there on the plates (6). The electron flux is
deflected to positive charged plate, and the light-point on the screen
. deflects to the same side. Now suppose a voltage on horizontally -
" deflecting plates changes with a saw-tooth law (see fig. 16.2 (1)). .

Fig. 16.2. The scanning pulse (1) and the picture on the screen (2).

The light-point on the screen moves to the right and we'll see a
horizontal line (2). Here € and t; are moments of the beginning and the
end of this pulse. It is named the scanning pulse.

Now, let t; be the time of light emission by the transmitter. At the
moment t; cloud-reflecting light returns to the receiver. The shot voltage
pulse is applied to vertically deflecting plates at this moment. The
electron flux deflects up and we'll see the vertical pulse on the screen (fig.
16.2(2)). It is named cloud pulse. ‘ '

Now we understand - if cloud altitude is high, the difference t,-t; is
quite high too, and the distance on the screen up to cloud pulse is long.
Thus the position of cloud pulse on the screen depends upon cloud
altitude. '
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The matter is that electron flux has a very high speed inside the tube,
and the mass of electrons is negligible. Thus the CRT is an inertialess
instrument for tlme measurement. The duration of scanning pulse t;-t; can
be very short, (107s or less).

Now let’s consider the block-diagram of the cellometer VBO-1M (see
fig. 16.3.) )

Transmitter _ Receiver
Amplifier 1 [«
. Sweep 7 AmplifierZ
Generator :
Mark
Generator ‘ Automatic
s Gain Control
Compensation T
Circuit

Fig. 16.3. The block—diagram of the ceilometer UBO-1m.

The ransmitter 1s the gas-filled ldmp placed to focal pomt of a dished
mirror. The light pulse of this lamp has duration about 10° s. When the
transmitter.is on, the lamp flashes with a frequency about 20 Htz. The
transmitter is oriented to zenith. Certainly transmitter is placed outdoors,
on the meteorological square. When the lamp flashes, the light pulse goes
to the cloud. At the same moment the electric pulse goes from transmitter
to sweep circuit, placed in oper atmg block. The sweep circuit generates
the scanning pulse. The scanning pulse goes to horizontally deflecting
plates-of CRT. v ,

. The receiver 1s a photomultiplier, placed to focus of a dished muror
too. As well as the transmitter, the receiver is placed on meteowlogu,al ,
square.

The light pulse, reflected by cloud, is received by photomultlpher Here
it'is transformed to electric pulse. But it 1‘5 very faint. To make it high~
enough there 1s an amplifier 1 in receiver. Being amplified, electric. pulse
goes to amplifier 2, placed in operating block. After the amplifier 2 this
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pulse comes to vertically deflecting plates of CRT. The cloud pulse
appears on the screen (see fig. 16.2.).

But how can we measure the position of the cloud pulse on the screen?
To do so there is a compensation circuit in the operating block. It is a
potentiometer. We can change a direct voltage on the horizontally
deflecting plates, rotating the handle of this potentiometer. The picture on
the screen will move to the left. Cloud pulse will move too. Let's place
the leading edge of the pulse to the middle of the screen (vertical black
line on the screen). Consequently, the angle of the potennometer handle is
the measure of cloud base altitude. If cloud altitude is high,. the cloud
pulse is far from the middle of the screen, and we have to rotate the
handle to a high angle for placing the cloud pulse at the middle of the
screen.

But the amplitude of cloud pul\e depend> upon cloud base altitude. It s
not convenient. To make the pulse amplitude constant there is the. special
block, named automatic gain control (AGC). If the pulse amplitude 1§
high, the AGC block makes amplifier 1 to reduce the gain.

The mark generator 1s used for the test of the device. During the test
this block 1s-on. It generates short electrical pulses. The frequency of
these pulses 1s 1.5 MHz. An observer can see these pulses on the screen
Rotating the potentiometer handle, he places these pulses m turn to the
middle of the screen and writes the angle of the handle. Then he
compares his data with 4 calibration certificate and corrects the device.

This device is very conventent. [t takes 10-15 5 to measure cloud
altitude with 1t. The cloud altitude can be measured at the range from 30
mto 1500 m.

OZONE MEASUREMENTS

Ozone 1s ‘one of the most important atmospheric gases due to its
property to absorb ultraviolet radiation: Ozone has absorption band from
270 to 330 nm. This ultraviolet radiation is very dangerous for all alive
over the Earth. On the other hand now there -are "ozone holes” in
ozonosphere, thus we have to obxewe ozone amount | as carefully as
possible.

As you know, ozonosphere has the altitude from 10 to 50 kilometers
above the earth surface. Of course, we can measure it with special sounds;
flying at the ozonosphere. But the most interesting for us is the total
ozone amount in vertical atmospheric column. Let's imagine all the ozone
is near the earth surface at normal atmospheric pressure and 0C
_ temperature. Then the thickness of ozone layer would be about 0.3 sm.
Thus, the total amount of ozone can be measured in centimeters - it is the



thickness of ozone layer, reduced to earthbound conditions.  We'll use
Dobson's units - 1 Dn = 10® sm. So, normal ozone amount is about 300 -
Dn. ' E :
For measurements of total ozone amount, the property to absorb
ultraviolet radiation can be used. Let’s measure the radiation flux from
the sun (or the moon) within ozone absorption band. It depends upon
ozone amount. Professor Gushchin constructs the device, based on this
principle. It is named ozonometer. The block-diagram of Gushchm s-
ozonometer is drawn on fig. 16.4.

Fig 16.4. Ozonometer.

Here (1) 1s quartz glass, (3) and (3°) are diaphragms, (2) is light filter, and
(PM) is a photocell or a photomultiplier. The electric signal from
photomultiplier must be amplified. After the amplifier it can be mea\med
with a scale instrument.
But there are three difficulties to measure the ozone amount with the
ozonometer
The derosol's influence, Aerosols absorb solar radiation too, but this
dbxorpuon 1s non-selective.
2. The temperature influence. The thing is that light filter's properties
depend upon temperature.
3. Sun zenith angle influence.
Let's solve these problems. : |
1. The aerosol's influence. To solve this problem we’ll use two light
filters. The first light filter transmits the ultraviolet radiation within ozone
.absorption band (300 nm). This radiation is reduced both by ozone and by
aerosols. Let's denote the measured signal J;. After that the second filter
must be placed instead of the first” It transmits the ultraviolet radiation at
the bound of ozone absorption band (327 nm). Aerosols reduce this
radiation, but ozone abs(nptlon 15 negligible. We'll denote the measured

signal J,. The ratio - depends only upon ozone amount.
b
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2. The temperatﬁre influence. This problem is solved wifh ‘the

coefficient k;, we'll multiply the ratio % Of course, k; depends upon
2
temperature.

3. Sun zenith angle influence. The thing is that the 1ength of the light
way in the ozonosphere depends upon sun zenith angle ©. (See fig 16.5.).

Ozonosphere

Earth

Fig.16.5.

To solve this problem wcll use the dldgmm (txg 16.6)." After
cdlculdtmg the value

_1_..](' . the diagram is used for.ozone total amount determination.

NS 350 Dn
I,
300 Dn
250 Dn
>
]

Fig 16.6
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VOCABULARY

Cathode-ray tube (CRT) — anextpouso-ayiesas 1pyoxa (JIT)

Phosphor ~ momusoop, pochop _ -

Flux — IIOTOK, My4O0K (3MeKTPOHHEIH WK CBETOBOM)

Deflect — orxionars

Saw-tooth law — nunoobpasuslit 3aK0H, 38K0H crpquoﬁ pa3B6pTI(PI

Scanning pulse — UMITyIbC Pa3sBEPTKH -

Transmitter — nepeJaTiux

Duration — IZUTEABHOCTE (MMIYIbCa)

Sweep generator — reHepaTop pasBepTH

Automatic gain control (AGC) — aBTOMaTHUECKHH peryIATOp YCHICHNA

(APY)

Gain ~ Kosdacpnuuem VCUIECHUSA

Dished mirror — BorHyTOE 3€pKano

Concave mirror — BOTHYTOe 3epKalo -

Flash — BensixuBsaTh ‘

Faint — cnadpiit (06 DJEKTPUYCCKUN BEIHIHHAX)

Leading edge — nepeanuit GpoHT (MMITY 1bca)

Calibration certificate — GOpMyIsp (JIOKYMEHT, B KOTOPOM OTPAXKACTCH
| TEXHHYECKOE COCTOSHHE TIPUOOPY ¥ €I0 UIMEHECHUS B [IPOLECee

JKCILTY aTaUMH ) :

Absorption band — 11010¢4 NOFIOIEHNS

Earthbound conditions — npwieMHBbie ¥CI10BMS
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7 Lecture 17.
ANEMORUMBOMETER M-63.

Anemorumbometel M-63 is a remote device for wind speed and
. direction measurements. The following values can be measured by it:

1. A momentary wind speed, that is the wind speed at the observation
moment.

2. .An average wind xpeed that 1s the wind speed, averaged for 10
minutes.

3. A maximal wind speed at any time interval, e.g. for 10 minutes.

4. A wind direction.

This device consists of three blocks - a transducer, a measurmg unit and
a power unit. We'll not study the power unit - it's a usual rectifier with a
transformer, which steps down the voltage from 220 to 12 volts. But we'll
study the transducer and the measuring unit, which consists of three
channels: a momentary wind speed channel, an average wind speed
channel and a wind direction channel.

TRANSDUCER.

A transducer ‘is placed on the top of the mast. It looks like a small
airplane (see fig. 17.1): There 1s a propeller (1), rotated by wind, and a
vane (2). The position of vane depends upon the wind direction. Then,
there are two gears (3 and 3"), rotated by propeller. Of course, its angular
velocity depends upon wind speed. The thing is that the number of the
teeth of gears 3 and 37 are equal, so their angular speeds are equal too.
And there is the copper cup 4 with the ferrite rod 5 and 5" Three pulsers
are placed under gears - P,, the reference pulser, Py, the basic pulser and
P, the shifted pulser. When ferrite rod is above the pulser, it generates a
current pulse. -

So, the frequency of pulses depends upon wind speed. But there are
three series of pulses - the reference series, the basic series and the shifted
series (see fig. 17.2.). The frequencies of these series are equal.
~ Thus, to measure the wind speed we have to measure the frequency of
~ any pulse series. But how can we measure the wind direction? To solve
this problem I'd like to draw your attention to the phase shift between r-
and s- or between b- and s-series.
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Iw

I
L

.

Fig.17.1. Transducer.

ﬂ ﬂ . I—I__ Reference
1 M H— Basic

|—L ﬂ I ~ Shifted

ST« T

Fig.17.2. Reference, basic and shifted series of pulses.

When' the wind has north direction, r and s-pulses are generated
simultaneously; the pulse shift r-s is equal to zero. When the wind
changes direction, the vane rotates and the gear 3' rotates too. Now ferrite
rod 5' has another position when the rod 5 is above the pulser P,. Thus,
the pulse shift between r- and s-series takes place and it depends upon
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. L , N |
wind direction. To measure it we have to measure the ratio 7 (see fig.

17.2.), because ¢ = —;;-360".

But the pulse shift between b ant S-series is equal to 1800, 1t is constant.
So, we can measure the pulse shift b-s’ it depends upon wgnd direction
too. Doing so, we must take another scale, it is shifted to 180 . .

Now let's study the pulser arrangement. The pulser circuit is showed
on fig. 17.3,b.

R,

R,

VDl

VT

Output

R, _____91 ﬁ R,
a) ' ' b) . 2

Fig.17.3. Blocking-generator (a) and pulser (b).

Oulpm

“You see, it 15 like a blocking-generator (fig. 17.3,a) The most important
detail of blocking-generator is a tuned circuit Lz-C. The oscillations from -
this tuned circuit are amplified with the transistor VT and turmn to circuit
again with the transformer Li-L2.  As a result, we have a sinusoidal
current signal from the output resistor R.

Now see the pulser circut (b). There are two coils in the first
transformer winding - L1 and L2. The inductance L1 = L2. But the thing is
that they are performed in the opposite directions. Due to this the
transformer feedback between the first winding - L1 and Lz - and the
second winding La is equal to zero! Blocking-generator doesn't generate
the signal. s ‘
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But when the ferrite rod is above the transfonnér the inductance 'Ll
increases. The positive feedback between L; and L, is taking place for a
moment and blocking process appears (see fig.17 4, a).

W

U (I t1TN
J S BN g B

Fig.17.4. Voltage patterns.

The diode VD shunts one half-cycle of these oscillations (fig.17.4, b)
and the capacitor C, detects this signal (fig.17.4, ¢). Thus, the negative
pulse appears every time when the ferrite rod is above the transformer.
Payv attention - these pulses are negative! ,

To make these pulses positive these are three formers (F,, Fy and FJ) m
the measuring unit. Of course, the measuring unit is connected with the
transducer by cable (fig. 17.5.)

P, ] - s ,

— » cable
Py B

Fig. 17.5. The pulsers (P, , Py , P) and the formers (F, , Fy , Fe),
connected by cable.
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AVERAGE WIND SPEED CHANNEL.

To determine average wind speed for 10 minutes the total number of
pulses for this period must be calculated. Thus, two problems must be
solved:

1. To pass the pulses to the channel for 10 minutes - not more, not
less.
2. To calculate these pulses and average wind bpeed :

All these problems can be solved by the circuit (see fig.17. 6) Positive
pulses from the reference pulse former F, come to the key K, closed by
observer. In 10 minutes the timer opens the key K and pulses don't go to
the channel. Thus, the first problem 1s solved with the timer and the key.

Counter o+
K

F poe FD VT

\
N
N
\
\

Timer

Fig. 17.6. The block-diagram bof average wind speed channel.

The second problem is solved by the counter. When pulses come to -
transistor VT, it becomes on and a current from the source goes thought
the counter. The pointer moves along the scale to one division.

So, every pulse causes the scale needle movement to one division.

To make the observation more convenient there is a frequency divider
FD. ‘Suppose, the pulse frequency on the input of divider is f, then the
frequency on the output is f/k, where K is divider coefficient. It is chosen
50 that the total number of the output pulses for 10 minutes 1s equal to
average wind speed (measured in meters per second), multiplied by 10.
Thus, the observer must wind up the timer, wait 10 minutes, look at the
scale and determine the average wind speed, dividing the number of
division by 10. For example, if the number of divisions is 48, the average
wind speed is 4.8 m/s.

In modern digital devices M-63m-1 microminiature modules are used.
There is the digital indicator of average speed. We'll study such modules
quite soon. .
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MOMENTARY AND MAX[MAL WIND SPEED CHANNEL.
Befofe the expldnation of this channel I'd like to récall you one of the
most important circuit in electronics, It is named bzstable bome‘umea it's
- named flip-flop. This circuit is drawn on fig. 17.7.

§ R

Output 2

VT,

‘a)

Fig. 17.7. A bistable (or flip-flop) (a) and its logic symbol (b). »

The transistor (VT, or VT,) of p-n-p type may be on (the collector is
connected with the emitter) when base is charged negativelv., And it is off
(that means, the collector isn't connected with the emitter) when base is
charged positively. Suppose, VTy is on. Then its collector is connected
with a positive pole (it is grounded here) and positive charges go through
Rz to VT, base. Consequently, it is off. Thus its collector isn't connected
with the emitter, but it is connected with the negative pole through Ry.
Negative charges go to VT, base through Ra. Thus VT, is on, VT, is off.
This state i stable.

Now let positive pulse go to VT, base (S-input). VT turns off, the
potential of its collector becomes negative. Negative charges go to VT,
base though R, and VT, turns on. The potential of VT, collector becomes
positive; positive chargers go to VT, base through R;. Thus VT, remains
being off even when the positive pulse finishes. We'll say, the flip-flop
changes state, or sets. When it changes state again, and negative potential
is on S-input, we'll say the ﬂxp flop resets. (That's why S and R-mputx are
called so!).

Now let's consider the clrcult of a momentary and maximal wind speed
channel. It is drawn on fig. 17.8.
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For measuring momentary wind speed we'll use the basic pulse series.
So, right-angled positive pulses passes through capacitor-diode circuits C,
VD1 and Cz - VDz ‘
After passing the capacitor nght-angled pulse transforms to two
momentary pulses (see fig. 17.9,a,b ). Then diode passes only positive
. pulse (fig.17.9, ¢). Thus positive momentary pulses come to S- and R-
inputs of flip-flop and the flip-flop sets.

—e—0 -12v

C1VD]
Fi g S - . .
T R : R: [c. .
c2vD2 - £/
E, K : -
i 0 - 30m/s .
e,
Lo T
f - 3 ‘{ g Rs 7
v ‘,&\ Fig. 17.8 Momentary and maximal) wind speed channel.
: e

/i::,;.fffflé’éf_ﬁf;,%)' .




99

Positive charges go through R, to VT, base and transistor VT, turns off.
Negative charges from the cumrent source cannot pass through it (it is
off!) and pass through R, - VD3 — C4 to the ground (the ground is
connected with the positive pole here). The capacitor C4 charges; its
upper plate charges negatively. Thus its negative potential increases and
soon potential regulator VDs breaks down. The negative pulse goes
through- C; to S-input of flip-flop. The flip-flop resets. The negative
“charges appear on the output of flip-flop, they go through R; to base VT,.
VT, turns on. The capacitor C, finishes the charging and begins to
discharge through the circuit: C,4-VT, (emitter-collector)-VD, - C,, Thus
Cs and C, are connected in parallel. But the capacity Cs >> C,, and C,4
discharges to Cs. A low potential difference appears on C,.

The next pulse repeats all these processes. The potential difference on
Cs increases. But Cs discharges through Rs and soon. the potential
difference (or voltage) on Cs stabilizes. It's easy to understand - the
hlgher 1s the pulse frequency, the more is the voltage on Cs at stable state.
It 1s measured by scale instrument.

The passive pointer . (the scale pointer without a spring) xhon a
maximal voltage, which corresponds to the maximal wind speed. ‘

The usual scale has divisions from 0 to 60 n/s. But to determine the
wind speed more accuracy there is another scale - from 0 to 30 m/s. To
use it the observer must press the button K "0-30". Then the shifted
pul\es go to the channel in addition to basic series. The pulse frequency
increases by two times. The \oltdgc on Cs increases by two times too.

To verify this channel there .is a control block inside the measuring,
block. It generates pulses with constant frequency (aboufl 30-35 Hz). The
observer turns on this block and compares the average speed channel and
miomentary speed channel indications. If there is a difference between
these indications the resistor Rg must be regulated.

I'd like you to answer the question - why the voltage on Cs depend\ on
the position of the variable resistor R,? Try to do it yourself.

VOCABULARY

Measuring unit ~ u3MepuTenbHEIH (0K
- To step down the voltage — noHnxaTh Hanpshxenue (OOBIMHO € TOMOIIBIO -
TpaHchopMaTopa)

- Transducer — gaTuuK

Mast — MauTa

Gear — 1ecTepHA

Pulser — umnyancaTop, reHepaTop UMIYABCOB
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Reference ~ onopHbii

Basic — ocHoBHOH

Shifted ~ caBUHY THIHA

Arrangement — yetpo#fcTBo (kakoro-nmu6o 6;10Ka, MexaHusMa ¥ T.20.)
Blocking-generator — GIOKHHI-TeHepaTop, YCTpoiCTBO /I reHepalyy
CHHYCOMAANEHO MEHSIOIETOCH HAIPSKEHUSA

Transformer — TpanchopMaTop ‘ ' :
Tuned circuit — xoneGarensHEI KOHTYD

Coil - karymka (o6MoTKa OPOBOJIa)

Winding — 06MoTKa (TO e, 9TO KaTyInKa)

To perform — HaMaTBIBaTH

Inductance - HTHAYKTUBHOCTb

Feedback — 06paTHas CBI3b

~ Shunt — MyHTUPOBATH, 3aMbIKATh

Frequency divider — remurens YACTOTEI

To wind up the timer — 3aBecTH q4coBOH MeXaHH3M

Bistable (flip-flop) — Tpurrep

Potential lcguldtm — CTaOHINTPOH, 3NEMENT, KOTOpLII/I IPOMYCKaeT TOK
TOALKO P HPEBLILICHIN HATPSKEHASM ONPeJeTeHHOMN BeTuMHEL
(CTaOUAHTPOH «IIPOOUBACTCA»)

Potential regulator breaks down — crabuanTpos npoGuBaeTes
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Lecture 18,
‘WIND DIRECTION CHANNEL.

Last lecture we understood that if we want to measure the wind
direction we must measure the reference and basic series phase shift
o= %-360" , where T is a pulses period (see fig.17.2). For this purpose the

circuit (fig.18.1) is used.

——{}—o-i2v
VDI Rs

Fr - S

Fo

mi

180 -0-180

VPA | | RLC R bs

Fig.18:1. Wind direction channel. VPA - vane position '
annunciator; RLC - relay lock circuit.

When relay contact K1 has the upper position, basic pulses go to R-
input of flip-flop, and reference pulses go to S-input. Suppose, reference
pulse is the first. The flip-flop sets and the positive potential from its
output turns off the transistor VT1. Then (after the time t) basic pulse
comes to R-input. The flip-flop resets and negative potential turns on the
transistor VT1. Thus VT is off during the time t only. What's happened
with the others elements of the circuit during this time?

When VT is off, the current can't go through i, it goes through Ra —
VD1 — Rx and charges the capacitor Ci. The capacity Ch is quite high, it
charges slowly. It discharges during the time T-t through Rs — Ra. (Here -
T is the period of pulses.) Then it charges again and so on. The voltage
on C; increases, but soon it becomes constant — charging and discharging
_processes becomes equal. This is the stable state. [t's easy to understand -
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the voltage on C; in stable state is proportional to ratio t/T, and if t = T it
is maximal. Thus the phase shift r-s can be measured with the scale
instrument.
, But when the wind has the north. d1rect10n, phase shift is equal to zero
(t = 0) or 360°. (t = T). If the vane hunts about an equilibrium north
position, the capacitor C, averages low and large charge doses and the
" pointer shows south- direction instead of north! To avoid such a terrible
mistake, we can use another pare of pulse series -reference and shifted
series. Certainly, another scale must be used - with the north in the
middle of the scale. But how these series can be changed? It can be done
with the relay R, switching contacts K1 and K2. The relay R is operated
with the voltage, switching by two hercons 6 and 6’ and the magnet 7 (see
fig.17.1.). This construction - _
is named VPA - vane position annunciator.(see fig.18.1.). When one of
hercons is on, relay picks up-and contacts K1 and K2 are at the lower
position. Pare r-s is used and the green lamp L, is on. The observer
knows - the scale 180 - 0 - 180 is used. When the wind changes the
direction, another hercone is on, contacts K1 and K2 move to the upper
position, pare r-b is used and the red lamp L, is on. The scale 0 - 360 is
used. The relay is locking by RLC (relayv lock circuity until another
hercone would be on.

To test this channel the ncgamc voltage from control block is given to
flip-flop R-input. The flip-flop sets and VT, is off all the time. Thus we
can'say, t="T, or T=1,or ¢= =360°

The pmmu must show’360°. If it \hows another value, the observer
regulates the variable resistor R;, varying the current for charging C,. Of
course, the voltage on C; varies too. :
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METEOROLOGICAL VISIBILITY RANGE MEASUREMENTS.

Suppose a black body is seen on celestial background. The angular size
of the body is 20" The distance from the body to observer is named
meteorological visibility range (MVR) if the observer can distinguish this
body on celestial background. To define the term "distinguish" let's talk
about contrasts. ‘

" The term "contrast" means the ratio:
K = Jb —Ja

Jb
Where J, 1s the background luminance, J, is the luminance of body. It's
clear, the value K can vary from O (if J, = J,) from 1 (if J, = 0). The:
. minimum contrast that the man's eye can distinguish is named the
" contrast sensitivity threshold (g): ‘

18.1 . -

m K=¢ » B2
Usually £ 1s about 0.03 - .05, or from 3% to 5%. Now we can
determine the term MVR: ‘
MVD is the distance to black body with 20" angular size, when the
visual contrast of this body and celestial background is equal to
£=(3-5%).
There are three methods of MVD observation. They are followmg
1. Visual method.
2. Instrument-visual methods.
3. Instrument methods.
We'll not study visual method. It is very simple. But we'll say a few
words about mstrumental-visual methods. And we'll study two devices
for measuring MVD by instrument methods.

POLARIZATION VISIBILITY RANGE INSTRUMENT M-53.

The instrument M-53 for visibility distance measurements is rather old
device. But it is used till now and we have to study it. It 1s rather simple.

The device M-53 includes two polarizers (2 and 3, see fig.18.2.). (1) is a
transparent glass. One of the polarizers, 2 is stationary, another (3) can be
rotated with a handle 4. The object (usually a black box) is observed on a
background (a long distance forests, a mountain and so on).
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=

Fig.18.2. The optical diagram of M-53

(LI

After the first polarizer two light fluxes, from-the object and from
background, become polarized. The next polarizer (3) resolves these two -
fluxes 'into components (sece fig. 18.3.). There are two perpendicular
components for each flux - so called "wswal" and "wnusual”.

. unusual

‘object

Us,  Us, usudl

Fig.18.3

Thus, the observer sees four fluxes - usual from the object, (Us.), usual
from the background (Usy), unusual from the object (Un,) and unusual
from the background (Uny). Let's chouse two of them - Us, and Un, (or
Us, and Uny). Their intensities are-different. If the weather is fine and the .
air is transparent, the difference of these fluxes is high. But if there i1s a
fog, the difference of these fluxes is low, or they are equal. On the other
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hand, rotating the polarizer 3, we can change the dlfference of these
fluxes (changing the angle « on fig.18.3.).

The observer rotates the handle 4, making these fluxes equal. The
pointer 5 shows a division on the scale. The observer can see the scale
through the objective (6). The MVR can be determined with special
tables.

This method can be used only at daytime. At night the MVR can be
‘measured with -another . device - nephelomer M-71. But now this
nephelomer is not used, because there are modern devices — visibility’
range registrar PJIB-3 (peructparop nansrocts Bunumoctd PIIB-3) and
pulse photometer ®1-1 (poromerp mmuyiscusii OH-1). Now the pulse
photometer ®H-2 is engineered.

, VOCABULARY
Annunciator — CATHAIH3aTOp
Hunt about — xonebarrest oxoio ...

Hercon ~ repkon

Relay picks up — pene cpabaThiaer

Relay is locking ~ pene 3a6i10xupoBato

Relay lock circuit — cxema 630KkupoBKY pene )
Meteorological visibility range (MVR) — MeTeopostorndeckas ia NBHOCTD
suammoctn (MIB)

Contrast sensitivity threshold — Dopor KOHTpacTHOH Yy BeTBATEN BHOCTH
Polarizer - nossipusarop
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Lecture 19.
VISIBILITY RANGE REGISTRAR PAB-3.

Visibility range registrar PJIB-3 is intended for MVR measurements at

" weather situation when MVR is from 200 to 6000 m. It includes a light

source (a usual lamp) and a reflector placed at 100-m distance from a
lamp. A luminance of reflected light beam depends on transparency of
atmosphere, or on MVR. Such a devices are called transmissometers.

The transmissometer PJIB-3 is based on the following principle. There
are two light beams in this device. One of them, which passes through the
100 m-layer of the air and again, being reflected, is called sounding beam.
Another beam passes within the device box-only, but 1t is regulated with
the diaphragm. I is called comparative beam. The thing is that
comparative beam is regulated automatically so, that its luminance is
equal to sounding beam luminance! Thus, when diaphragm is small, the
tuminance of the comparative beam 13 small two; therefore the sounding
beam luminance is low. It means, MVR 1s low. The diaphragm 1s
connected with the scale and the observer can read the MVR value with

it There 1s the automatic recorder of MVR.

But how does this attomatic system operate? To answer this question
we have to consider two diagrams. One of them - the optical system - 1s
drawn on fig.19.1. Here the light beams are shown by the dirowy lines.
The light beam from the lamp passes through objective O, and becomes
parallel. The semitransparent plate STP divides this beam to two beams.
The sounding beam passes through objective O,. It is focused to the edge
of disk-modulator DM. The disk-modulator, rotated by motor M, has the
form, pictured on fig.19.2. The sounding beam passes through lower edge
of this disk, the comparative beam — through the upper edge. You see,
when the sounding beam is interrupted by the big'tooth of the disk, the
comparative bedm passes through the small teeth, and on the contrary.
Thus, disk-modulator passes these beams by turns. On the other hand,
each beam is interrupted by small teeth. The frequency of beam
oscillation (due to small teeth) is 1780 Hz. It is called modulation
frequency. The frequency of interchanges of soundinig and compdratlve
beams 1s 12 times less, 148 Hz.

After the disk-modulator the sounding beam passes thmugh objective
O; and becomes divergence with a small angle. Then, passing through the
glass G it goes to reflector R. Coming away, it is focused by concave
mirror CM to photomultiplier PM.
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Fig.19.1. Optical system of P/IB-3.

The comparative  beam passes
through optical wedges OW. The
observer  may - regulate  the

comparative beam luminance with . -

these optical wedges. Then the

beam is turned to 90° by the prism’

P and passes . through  measure
diaphragm D. This diaphragm is
operated with the reverse motor
RM and reduction gear RG (see
ig.19.3). Then the comparative
beam passes through upper edge of
disk-modulator ~ and  goes  to
photomultiplier PM.

Fig. 19.2. Disk-modulator.

The comparative beam, as the sounding beam passes through light filter F
and mat glass MG. The light filter makes the light spectrum be equal to -
spectral sensitivity of man’s eye. The mat glass is to disperse the light to

all the surface of photocathode.
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The photomultiplier converts the optical signal to electric signal. But to
understand the electric signal transformations we need another diagram -
see the block-diagram pictured on fig.19.3. ‘

Now we'll study this block-diagram. To make it clear we'll draw voltage
patterns at marked parts of the block-diagram. These voltage patterns are
drawn on fig.19:4. When optical signal comes to photomultiplier PM
(fig.19.3.) it is the same, as fig.19.4.a shows. Let sounding beam be more
than comparative beam - for example, a fog is evaporated. Let's prove it
causes the equalization of these beams.

Dp RM .

PMh%D s F || Det L5l DSA |5 RM

RVG |3 RVA

Fig. 19.3. The block-diagram of PAB-3.

Photomultiplier converts the signal to électric form. Being amplified 1t
has the form, shown on fig.19.4.b. This form is due to special electric
circuit, used for the amplifier. Such a signal goes to detector (Det). We
have an envelope, it goes to filter F (fig.19.3.). The filter makes the
periodic sinusoidal signal (fig.19.4.¢c.). Of course, this sinusoidal signal
exists when sounding and comparative beams aren’t equal. That’s why
this signal is named the dishalance signal. Being amplified by disbalance
signal amplifier (DSA, tig.19.3.) it goes to reverse motor RM (fig. 19.3.).

Another signal 15 generated by reference signal generator (RVG). This

signal 1s named reference signal, it is shown on fig.19.4.d. It has the same
" frequency as the disbalance signal, but it is shifted to 90°  (compare
curves "¢" and "d" on tig.19.4.). If both signals go to reverse motor, the
RM rotates. And it moves the diaphragm D (see £1g.19.3. and 19.1. ) by
the reduction gear RG. If the comparative beam is less then the sounding,
the reduction gear opens the diaphragm.
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The comparative beam increases and when the amplitudes of beams
become equal, the disbalance signal becomes zero. On the other hand, the
scale rotates too, and when disbalance signal disappears, it stops. The
position of the scale shows the value of MVR.

If the weather situation is such that comparative beam is more than the
sounding, the disbalance signal changes the phase to 180° . Then the
phase shift of disbalance signal and reference signal is —90° and the
reverse. motor rotates to another direction. The diaphragm closes and
comparative signal decreases. The scale rotates to another direction too.

It's very easy to operate with P/[B-3. But it cannot measure the MVR
less than 200 m., because the luminance of the reflected sounding beam,
1= very low. Thats why PJB-3 was changed by ®M-1 - it is more
perfectlon device than PJIB-3.

VOCABULARY

transparency - Npo3payHocTh

transmiissometer - TpaHCMUCCOMETP (Ha3BaHUE VIIOTpeOIgeTca
HPEUMY LIECTREHHO B aHIIOSASLIYHON TUTepaType)

sounding beam - 30HAUPYIOITHH nys

diaphragm - auadparma

comparative beam - Jy4 CpaBHEHWS

automaltic recorder - camonucery

mat glass - MaroRoe CTEKI0

light filter - creroduasTp

concave - BOIHY Thill

disk-modulator - guck-Monyasrop

reduction-gear - peAykTop (3y64artas nepejada AN YMEHbIICHNS
CKOPOCTH BPAILICHYIS) _

optical wedge - olITHYeCKuit KIMH

prism - npusMa

semitransparent plate - nony Npo3pavHast I1aCTHHA

pattern - siopa (rpadudeckas 3aBUCHMOCTD OT BpeMeHd KAKOR-1u60
BEIHUYUHBL, OOBMHO - DIEKTPUICCKOHR )

equalisation - BLIpaBHUBAHVE

envelope - (slech) orubaromas

perfection -coBepineHHbIH !
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Lecture 20
PULSE PHOTOMETER ®H-1.

Pulse photometer ®U-1 is the transmlssometer as well as P/IB- -3. But
the range of ®M-1 is from 50m to 6000m. So, you see, it can be used for
MVR measurements even when a fog is very dense. How can it be
achieved? Two ways for it are used.

1. The luminance of light source in ®H-1 is much more, than in PIB-
3. Itis the pulse gas lamp.

2. There are two reflectors to be used in ®H-1. One of them, the distant
reflector (DR) is placed at 100m distance from photometer block.
Another, the near reflector (NR) 1s placed at 20m distance. It i1s used
when MVD is less then 400m.

The principle of operation of ‘®H-1 is another, than of PIB-3. The
comparative beam isn't regulated here. And the optical system of ®H-1 1s
simpler. You can see it on fig.20.1.

100 m

Fig 20.1. Optical diagram of ®U-1.

The pulse gas lamp PGL gives light pulses, their frequency is 50 Hz. The
sounding beam goes through the objective O and through the glass G to
atmosphere. There are two reflectors — distant reflector PR and near
reflector NR, irradiated by the beam. But DR is placed on the optical axis
of the photometer, and NR 1s displaced down from the axis. Due to it the
beam reflected by DR goes to the concave mirror CM and then through
the_ diaphragm D1, placed on the optical axis too. As to the beam,
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reflected by NR, it goes through the diaphragm D2, this diaphragm is
displaced up from the axis. To use NR or DR 1it's enough to close one of
-the diaphragms - D1 or D2. It can be done with the optical commutator C.
After the diaphragm (D1 or D2) the sounding beam goes to the wedge-
shaped diffuser WSD. Tt is a white wedge, scattering the light beams to a
photomultiplier (it isn't shown on fig.20.1). = Speaking about the
comparative beam, we see - it goes through the diaphragm D3 to the
spherical diffuser'SD. The diaphragm D1 and D3 (or D2 and D3) are
closed in tumns. The frequency of this close-open process is 1 Hz. We'll
call it commutation frequency. » ‘

‘Now we'll consider the block-diagram of pulse photometer ®U-1. It is
drawn on fig.20.2. To understand the operating of this diagram we'll draw
the voltage patterns at different points of this block-diagram. These
voltage patterns are drawn on fig:20.3.

RR |« j
¢ S . o 1 o LR
‘ ; C ref.
) PM > Det. ‘—L -
| CFF
. . sound. > output

Fig.20.2. The block-diagram of ®U-1.

The light signal, coming to photomultiplier PM, 1s drawn on fig.20.3.a.
(Suppose, . comparative beam is more than sounding - beam)..
Photomultiplier converts this signal to electric form, so the output signal
of PM has the same form, as shown on fig. 20.3.4. This signal comes to
detector (Det). The detector converts it- to right-angle pulses (see

"112.20.3.b.). The amplitude of these pulses depends upon the luminance of
light signals.

These pulses are divided by commutator C - the pulses from
comparative signal come to commutation frequency filter of comparative
signal (CFF comp.); the pulses from sounding signal come to CFF of
sounding signal (fig. 20.3.c.). This electrical — commutator C operates
with the same rate as optical commutator that is drawn on fig. 20.1. The
commutator frequency filter is a detector having a high time constant.

<
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Comp. Sound. Comp. Sound. Comp. Sound. §{ Comp. T

b)

<)

U

"9

- Fig.20.3. Voltage patterns for ®H-1.

Therefore the output signal of CFF is rather constant voltage (fig.20.3.d.).
The output voltage trom CFF of sounding signal depends on two
parameters - the MVR (of course!) and a lamp luminance (that's a pity!).
To muke this voltage only one parameter’s function there is another
channel. The output voltage from CFF of comparative signal depends
only upon the lamp luminance. It comes to the first input of the
differential amplifier (DA). Constant voltage (40v) comes from reference
‘voltage source (RVS) to the second input of DA. Comparing these two
voltages DA sends the signal to regulated reciifier RR). RR ncreases or
decreases the anode voltage of photomultiplier PM.

For example, let the lamp luminance be more than usual. Then the
voltage signal from CEF of comparative signal is high. It is more than
40v from RVS: Then DA gives a command signal to RR - to reduce the
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anode voltage! The anode voltage reduces, the sensitivity of
photomultiplier PM reduces, and all the signals on fig.20.3 (b, ¢ and d)
reduce too. As a result, the voltage from CFF of comparative signal is
always equal to 40v, and the voltage from CFF of sounding signal doesn't
depend on lamp luminance. Now it depends only from MVR. To linearise
this dependence and to convert the signal to digital from there is one more
block — the functional converter. It forms the controlling signals to
" change NR to DR or DR to NR.

VOCABULARY

Dense — IyCTOH, IITOTHBIH

Pulse gas lamp — uMIy iecHast razopaspsiiHas JaMia
Wedge-shaped diffuser — xiuno06pa3Hbiit paccenBarenn
Differential amplifier — muddepernmansuelit yemwiurens
Reference voltage source — HCTOYHUK OOPHOTC HANIPSIKEHUS
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Lecturfe 21.
RADIOACTIVITY MEASUREMENTS.

Before speaking about radioactivity measurements themselves I'd like
to say a few words about units of radioactivity values.

Radioactive emission appears when ruclei decay. The radioactive
emission irradiates a substance causing changes of its state. Therefore
there are several values of radioactive emission. Some of them define a
radioactive substance itself, but another defines changes of irradiated
substance. Let's list them all.

1. Radioactivity (A). It is a number of nuclei decaying per one second,

Of course, radioactivity A depends on radioactive substance nature
“and on the amount of this substance. [t can be measured in backerels
{(Bq):

1Bq=1 s"

It 1s Sl-umit. But it is very low to use it in p]dLIILL Usually we use
another value, 1 Curio. It is equal to xddmdctwu\ of 1 gmm of radium.
We can write the relation:

I Cu=3.7-10" Bq.

When we investigate the radioactive pollution of a place, such value
as curio per kilometer a square can be used (Cu/knﬁ’.
2: Absorbed dose (D) is the ratio of the energy (W), absorbed by
irradiated body (or a substance) to a mass of this body (m):

D=W/m.

Of course, it can be measured in Joules per kilogram. Such a umt is
Ldlled 1 Gray (I Gy):

1Gy=1}/kg =

But this value is 100 high for using in practice. Another unit 1s called
1 rad (1 rad): - :
’ 1 rad = 10° Gy = 10°] /kg.

’
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- When we speak about possible exposition to radiation, we use such a
unit as rad per year (per hour, per second)..
3. Expostve dose (I) - it is a ratio of the charge (Q), appearing w1thm
dry air due to radiation to mass of this air (m). It can be measured in
culones per kilogram, or in roentgen (1 R):

1 R=25810" C/Kg.
The_ following relationships can be obtained:

1R =28.77-10 Gy
1R=0877rad, lrad=114R.

UsuaHy ‘we use such a unit as roentgen per hour (or microroentgen Iﬁer
- hour).

4. Dose power (D) is a ratio of a dose, absorbed by body, to absorption
time (1):

D'=D/x

The following equation can be obtained:

where r is a distance between the radioactive substance and 4 body,
iradiated by 1t; K 1s the coefficient for this substance. Table (tab.21.1)
gives this coefficient:

Tab.21.1
) B SUbStanCe . COG() . J]:{] ) 5‘65237 [J’é3g
K (-m'kg) 1-107'° 1,71-10"7 | 6,810" [6,81-10"

When a place is investigated in relation to radicactive pollution the
distance 1 (the altitude above the ground) 1s adopted as 1,5 m. Then:

D =_;’_4_
. 2.5
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But the most important for man is the reaction of man's body to

radioactive emission. Therefore the fifth unit is given.
5.Equivalent dose (D,) 1s an absorbed dose D, multiplied by coefficient
(Q). It is named 1 ber (biological equivalent of roentgen):

D.=QD
The coefficient Q depends on radiation nature. You can found it in table
21.2. ‘ ’
, Tab.21.2.
Type of X-rays, y-rays, a-rays, Broken nuclei
radiation B-rays rapid neutrons
Q (ber/rad) 1 10 20

As you see, broken nitclei are most dangerous for men.

Now a few words about norms of radioactive emission for men. They

are different. The thing is that people are divided by three groups in

relation to radioactivity. These groups are followmg.
1. Specialists - people, working with radioactive substances.

2 People, working with radioactive substances from time to time.

3. Other population.

Sp\,udh\\\ are controlled by ph\ sicians dand the norms for them are

highest. Table 21.3 gives safe values of most important parameters of
radioactivity. Thé nature radioactive background is given here too.
Tab.21.3
Group - , | T
of population A, Cu/km D, uR/h D.,
‘ L , ber/year
1 100 32500 5 -
2 10-20 3250 05.
3 1-2 325 0,05
Nature back ground 0,1+002 10 = 20 ~ 0,002

The nature radioactive background varies from region to region, from
one place to another. It is highest at mountains. But if D" is - more than -
60 uR/h, meteorologist must inform authority organs about it.
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Now let's speak about radicactivity measurements themselves.
- We'll study 3 methods. They are following. :
1. Geiger counters. .
2. Proportional counters.
3. Scintillation counters.
Geiger counter was invented in the first part of this century. The main
part of this counter is the gas-filled tube (fig.21.1.) with two electrodes -
anode (1) and cathode (2). ‘

) 1/ ‘ i 2 R a

Fig.21.1.

The gas pressure within the tube is low. When a radioactive particle
flies to the tube, it can ionize one of atoms. Charged particles (ions) fly to
anode or.to cathode and 1onize one more atom. And so on; the chain
reaction begins and all the atoms within the tube become ionized. The
resistance of the tube (R,) decréases. The tube flashes. But there is a
resistance R connected with the tube in series. The value R 1s about 10° =

107 ohms. When the tube is off, R, >> R, and there is a high voltage
between anode and cathodeJJ,, ~ 400v. But when the tube flashes, R, <<
R, dnd U, ~0. The chain-reaction finishes and the tube becomes
quenched. But the voltage pulse appears on the output. It is clear, the
frequency of these pulses is the measure of radioactivity. It can be

“measured with frequency counter.

Proportional counters have the same tube, but the voltage U, there is
not so high, and the gas pressure within the tube is less. Due to it a chain-
reaction doesn't occur and ions move to electrodes without collisions.

s, Thus, there 15 a faint current through the tube It is proportional to
radioactive emission and can be measured with instrument.
 Scintillation counters. The main part of these devices is a bit of
substance . that émits a visible light being exposed by radiation. When
radioactive particles fly through the substance, a light pulse appears.
These light pulses are converted to electric pulses (with a
photomultiplier). Then the frequency of pulses has to be measured with
frequency counter. Such counters are most sensitive.
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A very interesting digital counter will be given here some latel when

we'll btudy digital elements.

VOCABULARY

Decay — pacnaatbes (HallpEMep, O AEPAX aTOMOB)
Backerel — Gexxepelb

Radium — paguif -

Curio —xxopu

Absorbed dose — normolensas 1034
Gray — rpe#t

Rad ~ pag

Exposive dose — akcTIO3UNHOHHAA 1032
Roentgen — peHTren '

Dose power — MOIIHOCTE J03b1
Equivalent dose — 5KBHBaleHTHAs 1034

Nature radioactive background — ecrecrBeHHBIH paIlI/IdI_II/IOHHbII/I ¢don

Authority organs — opraHbl BI4cTH
Geiger counter — cverank | elirepa
Scintillation — cLUERTHNIALAS
Chain reaction — IeNHasT peakiinsl
Flash — BenbIxuBath

Quench — racuyTh

Faint — cnabmit
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Lecture 22.

DIGITAL MEASURING DEVICES

All the previous lectures we were speaking about devices with a scale
instrument. There an angle of a pointer is proportional to measuring
parameter. Such devices arg named analog devices. But digital devices
haven't got a scale, they have digital indicator — with a light elements, for
example. These elements may be on or off. Thus an output signal has
only two possible values - zero (or low level signal) and high level signal
(more than zero). We'll call such a values - 0 and 1. And there are many
- wires for this signal - a wire to each light element. When there is a
voltage on a wire (or signal 1s equal to 1), light element is on, when there
isn't voltage (signal is equal to 0), light element is off. o

Such signals are named digital signals. Now we'll study the forming of
digital signal as a function of meteorologlcal parameters.

DIGITAL CODES

First of all we'll notice the following. Anv physical parameter can be
characterized by a number. - To write a number we usually use the
decimal system. It can be described with ten signs, or digits (from 0 to 9)
and some orders. Let's denote the value of a digit as a; , where i is an
order's number. Then a value A can be expressed by formula:

A=a 107" +a,10" +... 10" +a, -10° 2.0

n -1

For example, the number 2003 can be expressed:

B =2-0°+0-0*+0-10'+3-10°

Decimal system is very convenient to use it for writing and operating.
But is it suitable to use it for electronic signals? Of course, no. It would
be necessary to use ten voltage. levels. To generate and to analyze such a
signal we would have complex circuits. And why decimal system is used
now? Long time ago men counted with fingers, that's why. We ‘may use
any system, it doesn't matter.



i21

Let’s chouse a binary system. It's very eésy to generate a binary
electronic signal (a voltage is being or not!). Using such a system we can,
express a value A by formula:

A=al.2""’+a2‘.2"'2+....+an_1.21+a”.20 2.2) ’

, v «
where & can have two levels - 0 or 1. For example, the number 5 can
be expressed:

5=1-22+0.2'+1.2°

All the mathematics operations can be done by using the decimal system.
The same can be done by binary system. Binary system is used in all
electronic digital devices (computers, calculators and so on).

GATES (SIMPLE INTEGRALlCIRCUITS).

Simple integral circuits (gafes) make only one simple operation. There
are only three of them - "TAND", "OR" and "NO".

The gate AND has two inputs: X; and X, and one output y.  Of course,
there must be digital signal at inputs and at output. Let's express the
possible signals by table 22.1.

We desire - ¥y = 1 only when X, = 1 and %, =1! Any other wmbmaﬂon
of mput \lglldl\ con responds toy = 0.

Tab.22.1
X3 | X |y
N 01010
0 1 0
100
1 1 1

You see, output signal y may be expressed by product:

Y=xx
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That's why the operation, made by thlb gate " is "called logic
mu]tzplzcatlon

This gate may be constructed with two n-p-n transistors, connected in
series (fig.22.1.):

+
X >—r VT'

Xy S| VT, . -

Ly X1 >—
d) . b) . & > ¥

Fig.22.1. The gate AND (2) and its logic symbol (b).

A positive voltage is there 4t output y only whenboth VT, and VT, are
turned on. It means, x; = 1 and x; = 1. '

The gate OR has two inputs and one output, as well as the gate AND.
But the table for it is following (tab 22.2):

Tab.22.2.
Xl x|y
0471010
0 1 1
1 011
1 111

Output signal v is equal to 1 when x; = 1 or x, = 1! Payv attention -
output signal y can be represented as a sum of x; and x; taking into
account the rule: 1 + 1= 1. It is so indeed at logic algebra. Thus:

y=X %
This operation is called logic addition.

As well as the previous, the gate OR may be constructed with two n-p-
n transistor. But they must be connected in parallel (fig.22.2).
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A positive voltage can be at the output y when VT, or VT, are turned on
(or both VT, and VT,). ' ‘

L—>Y

Fig.22.2. The gate OR (a) and its logic symbol (b).

The last gate NOT has only one input x and one output y. The table for
its state is the following (tab.22.3):

Tab.22.3.
Xy
A 011
110,

Here output signal has the opposite value with the input signal. That's,
why this operation is called logic inversion and can be written by
formula: ‘

y=x

This operation hasn’t analog in usual algebra.

Such a gate can be constructed with only one n-p-n transistor (fig.22.3).

Fig 22.3. The gate NO (a)vand its logic symbol (b).
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It 1s clear - output y has a positive voltage when transistor is-tumed off
by zero signal at the base (x = 0).

LOGIC ALGEBRA FOUNDATIONS.

Logic algebra or ‘Boolean algebra operates with binary variables. Each
variable can have only two levels - 0 or 1. Logic algebra has its own laws.
We’ve mentioned one of these laws:

1+1=1

How can we understand it? Suppose, you are going to-go to the theatre.
You thing: "I'll go to the theatre if I bye the ticket, or my friend mvzte
me". There are three logic variables in this sentence:

F (theatre) - T =1 (I’ll visit a theatre)
T =0 (I"'l not visit it)
t(tucket) - t=1 (I'll bye the ticket)
t =0 (I'll not bye 1t)
i (invitation) -1i= 1 (I'll be invited)
1= 0 (I'll not be invited)
Then T can be expressed with formula:

T=t+i

Suppose, t=1 (you've bought the ticket) and =1 (vour friend mvites
vou). Do vowagree with me, T=1? Thus, '+ 1 = | indeed!

There are many other roles at logic algebra. Some of them are written
here : '

x+0=x x-0=0
x+1=1 x-1=x
x+£:x x-{:x
x+x=1 x-x=0"

Think about these roles. They are clear.
"~ Let's make a short exercise with these roles. For example, the following
" sentence: "Il go to the theatre (T) if I bye the ticket (1), or my friend

invite me (i); and if the expedttl()n (e) will not take a place.” Let's write it
by formula:

T=(@+i)e
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It was very easily to write this formula. It was enough to read the
sentence attentively to do it. Let's do the more difficult exercise. Suppose,
we want to construct a device for voting. There are only three persons to
vote. Each of them presses the button if he vote “for” and doesn't press it
voting “against”. Let's denote the opinion of each person as x; (X33 X33
-X3). And there is a lamp (y), it is switched on when a project is passing
on. .
We cannot write a formula for y immediately. But the following table
(tab.22.4.) can be written. '
Tab.22 4.

—a»—a»a-uoooc_)\?f
—l OO =~ OO ¥
—lo|—|ol—{o]—jol¥
|t et IO [t OO O

Now let's look at this table attentively. We'll notice:
"v=lifxy#Flandx, =landxs=1l,orx, =1l and x, # 1 and x; = I or x
=landx;=land x;3# LLorxyy=landx,=landx;=1".

Now we can write the formula:

VEX Xy Xy H Xy Xy Xy XXy Xy h XXy Xy

Of course, we might construct the electronic circuit, using this formula.
It would be taken: eight gates AND, three gates OR and three gates NO.
Can we simplify this expression? Let’s try. Taking into account the rule x
+x =x, we may add two terms (X;°Xy"Xy ) and group terms together:

TV EAN N X N X X ) N X, X, X X ) F (XX, X X N, X))
Let's factor some variables out of brackets:
V=X X (q+ )+ % (0 X))+ X (n+x) -

But taking into account the rule;
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x+x=1
we can write:
V=X X+ X X+ 0x, =%, (%, +x)+x X,

To construct the circuit using this expression we'd need only two gates

AND and two gates OR (fig.22.4); e
X1 &
X2 . 1 e y

I

Fig. 22.4. The electronic circuit for voting.

Now let’s write a rule (algorithm) for electronic circuits construction.
Suppose, there are k mputs and n outputs in it. To construct the circuit-we
must; ‘ ’ o

1. Write tables for each output v.

2. Write expression for every y. To do so we'll take all lines where y =
I and write the sum of products of all x (if x = 1, x must be'taken).

3. Simphfy this expression.

4. Construct electronic cireuit.

Using this algorithm, any complex circuit can be constructed! - One
more example.. Let's write a table for seven-element indicator control.
Such a cireutt must have seven outputs (see fig.22.5). , .

Ys

& 3
=

Fig.22.5. Seven-clement indicator.
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Suppose, a digital signal comes to inputs. And the indicator must show
a usual number. For example, when input value is 1 (0001), y, and ys
must be switched on, other elements - be off. Other signals are shown in
the table 22.5.

Of course, the circuit made according this table would be complex.
Fortunately, such circuits are already constructed. Now we can use them
to construct more complex 01rcu1ts

Tab.22.5

Indicated Input signals Output signals

number | Xy | Xp | X3 | X | Yy | Yo | ¥s | Yo | ¥s | ¥e | V7
1" +tgtof{of{1i0l0i110101140
2 ojoj1jojJt1jojpryp1r|1jo0q1
3 010 1 1 11011 110141 1
4 0l11070t0j1 1111101110
5 Ori1tojojtrp o1 jop1 1
6 Oj1ir1jo ;1101141
7 ottt i1l lidol1lololiio
8 Liolojo 1111t il
9 o0t oj i1l 11404111
0 _[olofolol i {1l o 1[1lt

VOCABULARY

Digital - nudporoit

Decimal system — gecstiunas cucrema

Binary system — ABOW4HAs CHCTEMA

Gate — HOrM4eCKHH dMeMenT, Maas I/IHTCI‘deLHdSI cxema
Boolean algebra — 6ynepa drn“e6pa

Voting - rofocoBaHue
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Lecture 23.

N

MEDIUM SCALE INTEGRATION CIRCUITS (MSI)

Last Jecture we've spoken about gates. We learned the algorithm for
construction any circuit, using gates AND, OR and NO. But it would be
very difficult to use this algorithm every time. It's.more convenient to use

_such a way only once, using complex circuit as a result next time. Such
circuits are constructed. They are named medium scale integration
cireuits (MSI) and high integration circuits (HIC). We'll mention only
some of MSL

1. Code converter, These circuits are used to convert signals from one
code to another. For example, last lecture we wrote the table for one of
themn. It converts the digital code to code for seven-element indicator.
Another code converters may be represented: They all have the symbol,
pictured on fig.23.1.

) X/ 2 ’Y;

»
E

Fig.23.1. Code converter

There are n imputs and k outputs. Such converters are constmcted
according the algorithm, we've spoken last lecture.

2. Counters. Counter solves the problem - to count pulaes commg from
a circuit or from a device. The answer must be done in digital code.
Counter is the circuit with thp-flops, connected in series (£1g.23.2.)

Yl Y2 'Y11;1

mput
HHG— R ¢— HHE R _ HHG— R

Flg 23.2. Counter.

Thexe flip-flops are made with n-p-n transistors. Such a flip-flop sets
when the negative pulse comes to S-input. It resets when negative pulse
passes to R-imput. Diode-capacitor circuit converts a right-angle pulse to
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momentary negative pulse (see fig.17.9). Thus the first pulse causes the
first flip-flop being sets. A voltage appears.at Y; (Y; = 1). But the second
flip-flop doesn't change its state because of the diode direction. The
second pulse causes the first flip-flop being resets (the R-input operates!).
The voltage on ¥, falls down (¥, = 0), but it causes the second flip-flop
being sets and the voltage at Y, appears. The output signals are given in
table 23.1.

Tab.23.1.
Input pulse number | Output signals
‘ Y1 Yo [ Yy |Y,

0=0240-2402 |0 [0 |0 |0

1=12402+02° 11 {0 |0 [0

2=02+12'+02° |0 |1 |0 |0

3=12%12"+02> [1 |1 Jo o

4=02%+0- 241 2 1o o |1 {0

5=1202+12°> 11 10 {1 fo
Looking at the table we see - —
the whole output  signal ¢ B
(Y1, Yz, ..)is a number of input ] 1 i
pulse in digital code! The L
highest digit 1s v, ,'the low- )
digit 1Y, o Fig.23.3. Coumer (logic svmbol).

Such a counter is there in modern M-63M- I, we've menlmned some
times ago. Fig.23.3. shows a logic.symbol of 4 counter.
3. Comparator. - Comparator ‘
solves a problem to compare two
voltage values: This circuit has two (7] DN
imputs. Analog signals (voltages
Ul and U2) come to these inputs. ‘ K y
One output - y - gives a digital 1jp ____|]
signal. If Ul < U2 theny = 0; if
Ul > U2 theny = 1. Logic symbol
of comparator is drawn on fig.23.4. Fig.23.4. Comparator.
Many electronic circuits of compa- )
rators can be imagined. We'll not discuss them now. Mng othera MIC
can be mentioned. They are described in special literature.
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DIGITAL - ANALOG CONVERTERS

To convert analog signal to the digital form or digital signal to apalog
form analog-digital converters (ADC) or digital-analog converters (DAC)
are used. Let's consider the digital-analog converters (DAC).

So, the digital signal has to be converted to analog form - current, for
example. Let's remember the formula for a digital signal:

A=a 2" +a,- 2"+ 4a, 2 +a,-2° (B.1)

wherc.a; =Q or a;= 1.
’ ‘ PR 1
The value A is a sum of n terms, where n is the number of dig‘its; the
low-digit (a,2° ) is a least term, the highest is digit (a;-2"" ). But
coefficient a; may be equal to 1 or to zero. This, to convert a digital signal
to analog form two problems must be solved.
1. To establish a circuit, giving the opportunity to obtain current output
signals | so, that L =2- L. '
© 2. To connect outputs of this circuit with a special circuit to sum
currents. An output must be connectad with a key: a key 11‘1u~.t be on if &
=1, orbe offif g = 0. , g
Electronic keys can solve the second problem. Such a kev uses a n-p-n
transistor, it is on if a positive voltage (logic 1) 1s at the base, 1t is off
. when the base has zero voltage. Thus, such a key can be controlled with
o a \oltdg«. at input g. You can see electronic key's sy mbol on fig.23:5.
The wirex 1s connected with the wire y when a=1 only.

& _—_——1

X L Y

Fig. 23 5. Electronic key.

Now let's consider the DAC-circuit as a whole (fig.23.6.)
A reference voltage U is used to form a current output signal Input a;
have a digital signal (a; =0 or a; =1). .



131

8p-1 — R.2n—1 1 5 g - \\g m
3 AT d
a : 21 ] k2 _ # )\ -
3 -
b)
_ . K
a4
R R-2° L X 3
N o el
a) ' ‘  output
' é L= l> >
. Uref -. :

Fig.23.6. DAC-circuit (a) and its logic symbol (b).

Thus, electronic keys ki may be on or off. The currents that go through
resistors can pass through a key or not, according to a;. But the next
resistor's value is two times more than previous. Thus, the current though
ki 1s two times less than the current through ki.;. Currents from electronic
kevs outputs are added according to Kirchhoff's law. The total current
passes to amplifier.” And we get an analog signal at the output of
amplifier (according to formula 23.1). .

Of course, DAC cannot represent a digitdl signal more precisely than -
low-digit weight. But it cannot be otherwise!

This DAC uses a big number (n) of resistance values. It's a shortcoming
of this circuit. Another circuits may be used to avoid this difficult. They
are described in special literature.

VOCABULARY

Medium xcale 1nteg1 ation circuits (MS) - cpenune HHTeIpaJIbHLIe CXeMbl
(CHC) »
High integration circuits (HIC) — Gonpume AHTErPATLHDBIE CXEMBI (BI/IC
Code converter ~ npeoGpasoBaTelns KOAOB

Counter — cYeTIHK

Comparator — koMIaparop
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Lecture 24.
"ANALOG - DIGITAL CONVERTERS.

Analog-digital converter (ADC) solves the problem to convert analog
signal to digital form. This conversion cannot be made more precisely
than low-digit weight. We understand, it cannot be otherwise. To convert
more precisely % number of digits must be increased.

How can the problem of conversion be solved? To understand it let's
compare an ADC with a cap balance. To weigh a body we must put this
body's weight in equilibrium with balance weights on another cup. Of
course, it cannot be done more precisely than a lowest balance weight.
So, let's put the body to a cup and one smallest balance weight to another
cup. If the body’s weight is more than balance weight, let's add one’
lowest weight more. And so on, let's add and compare. Let somebody to
count our balance weights. When balance weight will more (or equal)
than body’s weight, let's stop the process. A number of balance weights
will be equal 1o body's weight.

To carry such an al gonlhm the cireuit, dl{gl“‘% on fig.24.1 can be used.

1‘1\5
G

)\m

actuation

Fig.24.1. Analog-digital converter (ADC).

Generator G produces right-angle pulses. They play the role of lowest
weight. To drive this cureuit a voltage (logic "1") must be given to input
"actuation”. It's a flip-flop's s-input. The flip-flop sets and the voltage
("1") goes to the lower input of the gate AND. Since this moment pulses
from generator pass through gate AND to the counter Cu. It counts these
pulses and a number (in digital code) appears. at outputs. This number
increases from pulse to pulse. Digital-analog converter converts this
 number to voltage Upae . This voltage increases too. Comparator K
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compares this voltage Upac with an input vdltage U. If Upac < U, there is
"0" at comparator's output. But. Upac increases; as soon as Upac becomes
a bit more then U, logic "1" appears at the output of comparator. It comes
to R-input of the flip-flop and the flip-flop resets. The logic "0" appears at
_the lower input of gate AND. Since this moment pulses from generator
cannot pass through the gate AND and the number at outputs becomes
constant. It's easily to understand - this number is equal to output voltage
U in digital code! :
ADC - logic symbol is drawn of

fig.24.2. N
You see, the conversion can be U A RE

done more quickly if the frequency —

of pulses (they are named step ~: # Yo

pulses) is high. But then the pulse - -

duration must be low. And that is
the limit of frequency increasing, it
1s connected with technology. The
thing is that any circuit contains
spurious capacity and spurious
inductance. :
A transistor, for example, has a deficit zone between p- and n- conductor
Thus 1t can be considered as a capacitor with a low capacity. Such a
capacitor cannot be charged or discharged in a moment. If the pulse
duration is much more than the time for charging or discharging of the
spurious capacitors, pulses aren't corrupted. But if the pulse duration is
comparable with the charging time, a pulse can be u)rruptéd as fig. 24.3 ,
shows.
Thus a pulse amplitude can be
" decredsed and a logic "1" may
be interpreted as a logic "0", S
To avoid this error the &)
spurious capacity of a circuit
must be decreased. That's why o
modern  circuits  are  so - b) /_ﬂ N
miniature, - Microminiature : o
modules are not more than 0.5 - Fig.24.3. A right-angle pulbe (a) and
] sm. length, and they contain it's corruption by a \pur10u> capacity
50000 - 100000 transistors. (b)
Such circuits can operate very
“quickly. '

Fig.24.2. Logic symbol of DAC. -




134

COMPLEX RADIOENGINEERING AIRDROME
METECROLOGICAL STATION CRAMS - 2.

The station CRAMS-2 is an automatic station placed at an airdrome. It
can measure the following meteorological parameters.

1. Atmospheric pressure - actual pressure and sea—level pressure (1t is
calculated).

2. Air temperature.

3. Relative humidity. .
4. Wind parameters:
- averaged wind speed for 2 min.,
- maximal wind speed for 10 min.,
- maximal wind speed in direction, perpendicular to runway,
- wind direction. ,
5. Meteorological visibility range (MVR).
6. Cloud altitude.
7. Near thunderstorm presence.

The station CRAMS-2 can operate automatically. All data are indicated
on a special illummated call-out and printed by teletype. All these data
are reported to other airports.

Let’s consider the block-diagram of CRAMS-2 station. It is drawn on
fig.24.4.

There are transducers in the left wlumn of the picture. Let's divide thun
by three groups: '
1. The transducer placed in the room. It. is the transducer of
atmospheric pressure (PT) only.
2. Transducers placed al metcorological square. “They are the
following. i
2.1. Wind parameter transducer {WPT).
2.2. Temperature and humidity transducer (THT):
2.3. Thunderstorm transducer (TT).
3. Transducers placed near the runway. They are:-
3.1. Wind parameter transducer (WPT) - the second transducer.
3.2. Meteorological visibility range transducers OU-1. ;
One of them 15 placed near the middle of runway, two are placed near
the begmnmg and near the end of 4 runway.
3.3. Cloud altitude transducers PBO-2. They are placed near the
beginning and near the end of a runway.
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IB WT
HTB
CTB-2 ﬂ c
N - l
CTB-3 >| 1cB > CSCE > (o municaion
_ . [—>> lines -
CIB-4 > ‘
T
Power
block

Fig. 24.4. CRAMS-2 block-diagram.

All these transducers are connected with control and transform block
(CTB) by cables. There are four CTB in station CRAMS-2. One of them
ts the main (the first CTB), others are connected only with transducers,
placed near runway - another runway. Let's list the functions of CTB.

1. Commutation of signals from transducers. :

2. A primary data processing - calculations of meteorological
parameters and conversion of signals to digital form.

3. CTB contains the operation program, it is written by memory

elements.

So, we understand - transducers are connected with CTB in turns by
‘commutator, according to operating program. Then signals come to
independence commutation block (1CB). Its functions are: .

1, Indication of all meteorological parameters on a special little board.

2. Indication of transducers state (is the transducer connected with
CTB, 1t 1s out of order or not).

Thus we can see all the parameters using 1CB.

Then signals go to central special computing equipment (CSCE).
Sometimes 1t is called central processor. The CSCE functions are -

following,
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1. CSCE contains the program of station operating at all.

2. CSCE commutates signals from CTB. '

3. CSCE contains buttons, allowing us to input any parameter by
hand.

4. It gives the opportunity to make the operating program by steps.

5. A final data processing.

6. The composition of meteorolog1cal telegrams in various codes BI;

METAR; KN-01).

7. The station can be transferred to storm mode and to term mode.

8. The new data can be asked by CSCE.

The CSCE sends signals (telegrams) to communication lines - to
others.airports. Moreover, telegrams are sent to web teletype.(WT) PTA-
80 and to indication block (IB). Indication block is the-illuminated call-

out, placed on the wall. All meteorological parameters are indicated there.

Web teletype PTA-80 prints on paper web all the telegrams, formed by
station. The observer can add a few short words to telegrams, using
teletype PTA-80. :

All signals pass to WT and IB through the hand-input block (HIB).
The operator can mput any meteorological parameter with this block. It
can be done when some transducers (or even CSCE) are out of order.

VOCABULARY

Analog-digital converter (ADC) — aranoro-uudpoBoi npeodpasoparens
(AL
Low-digit weight — 3HaYeHMe MN4/LIETO pa3psia
~ Cap balance — qaimeqnsle BECEI

Balance — rups

To drive the circuit — samycTurs cxemy
Actuation — 3anyck

Step pulses — TAKTOBbIE HMITYJIBCHI
‘Spurious capacity — napa3suTH4sA eMKOCTh
Deficit zone — o6eHeHHAS 30H4 (HaIPUMeEp, B TPAH3HCTOPE)
Corruption ~ HCKaXeHUE

Complex Radioengineering Airdrome Mcteolologmdl Station CRAMS —
2 — KOMIUICKCHAS PA/TUOTEXHUIECKAs a3POAPOMHBas MeTeopororudeckas
crannud KPAMC -2

Runway — B3lIeTHO-nOCEA0YHAs IOTOCA

[1luminated call-out — cBeToBOE TaGNO

Teletype — teneraiin, Teaerpadubii ammapar

Wind parameter transducer — JaT9¥K NapaMeTpoOR BeTpa

.
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Temperature and humidity tranbducer ~ JaTYHK TCMHepdTypr 54
BIAXHOCTH

Thunderstorm transducer ~ faTquk rpo3 :
Control and transform block  (CTB) — 6nox ympasnenus n
npeobpazopanusd (BYI])

Independence commutation block (ICB) — 610K aBTOHOMHOI/l CBs3H
(BAC)

Board — (31ecr) cBeToBOE TabNO MaJOre pasMepa

Central special computing equipment (CSCE) -  yerpoiictso
UESHTPANLHOS BEUUCHANTENBHOE cneuﬁannmpoaannoe (YIIBC)

Storm mode — ITOPMOBOK peXUM

Term mode — cpouHbii pexum (()6CLHC‘{I/IBaIOUII/IH Ha6m0ﬂeHH51 B -
3aJaHHEIE CPOKHU) :

Web teletype (WT) — pyJoHHBI TederpadHbili anmapar
Indication block (IB) — 6nok unuaukanun (BH)
Hand-input block (HIB) ~ 610k pyusoro seoja (BPB)
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Lecture 25.

" CRAMS -2 PRESSURE TRANSDUCER

“ CRAMS-2 pressure transducer has a 570 - 1090 HPa range. It is placed
in a room. ‘
A sensor of pressure transducer is a sylphon, see the fig.25.1. ~

2 38 L1

: g
T \iﬂ )
4 5 : / :
. s [
% E \\\\\\\\\\\‘l‘\\é\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘ . L2 jre
) 3\ .

A

<« PF RG RM

To CTB :

Fig.25.1. The block-diagram of plﬁb\ult transducer.

The sylphon is connected with a short arm of a level (1). The level
support 1s (2). The long arm has two weights — moving weight (3) and
unmoving weight (7). The level's edge (8) 1s made of ferrite.

When atmospheric pressure (the force from sylphon) puts the level in
equilibrium with these weights (3 and 7), the edge (8) has the position
we'll call zero. But when pressure changes it is above or below zero. To
put the level 1n equilibrium it is enough to move the weight (3) to the
right or to the left. Doing so we notice - each position of the weight (3)
corresponds to certain pressure vatue. Thus atmospheric pressure can be
measured. But there are three problems to be solved.

1. How to construct. a system. for moving the we1ght (3) when
atmospheric pressure changes?

2. How the position of level's edge (8) can be indicated by a system?

3. How the position of weight (7) can be converted to electric signal?

l



139

Let's solve the second problem first of all. For indication of level's edge
the circuit of zero-indicator can be used. It's a bridge circuit with four
arms - L1; L2; R1 and R2.. You see, there are two coils L1 and L2 instead
of resistors. But pay attention - the circuit has an AC-source of power,.
As you remember, a coil has an inductive resistance X

XL =L

where o is a frequency of AC, L is a coil's inductivity. But coil’s
inductivity depends on presence or absence of ferrite, and it changes
when ferrite moves. Thus L1=L2 when ferrite edge is at the equal
distances from coils L1 and L2 - at zero.position. When it is so, the
bridge circuit is balanced. When level moves, bridge circuit isn't balanced
and disbalance signal appears. It is AC too, and its amplitude depends:
upon dltference L1-L2. Pay attention - the disbalance signal (,hanges a
phase to 180" when the difference L.1-L2 changes a sign.

This disbalance signal is amplified by the amplifier A. The amplified
signal comes to reverse motor RM. RM rotates and the screw 6 is rotated -
through the reduction gear RG; the last gear is (4). And there is a nut (5)
on the screw. it doesn't rotate, it is connected with the weight (3). But
when the screw rotates, the nut movesto the left or to the right; it depends
on rotation direction. The weight (3) moves with the nut and thus the
level tends to equilibrium position. The disbalance signal tends to Ze10.
The reverse motor stops,

Thus we see - pressure transducer is the e\dmple of feedback umtm]
systen. Of course, this feedback is negative, because if disbalance xxgml
appears, this svstem operates and the signal disappears.

Now let's solve the third problem - to corivert the weight's position to
electric signal. It is solved with two potentiometers - fine potentiometer
(PF) and precision potentiometer (PP). These potentiometers are rotated
by reduction gear too, but their angular speeds are different. PP rotates
quickly, it makes many, revolutions when atmospheric pressure varies
over a whole range (from 570 to 1090 HPa). PF rotates so, that it makes
only one revolution over a whole range. They are like hour and a minute
clock's hands. Thus we have two voltages at potentiometer outputs. Being
sent to CTB they carry information about pressure.

This method hasn't such a sylphon shortcoming as hysteresis. The thing
15 that sviphon doesn't change its size. This method is called force-
compensating method. ' A

The unmoving weight (7) is used for transducer adjustment. It can be
moved by operator during a calibration.
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WIND PARAMETERS TRANSDUCER.

Wind parameters transducer’ is the same, as the device M-63 uses. The
only difference is that it has hercons instead of pulsers.

METEOROLOGICAL VISIBILITY RANGE TRANSDUCER.V ‘

CRAMS-2 uses pulse photometers ®U-1 as an MVR - transducer. The
voltage from ®U-1 comes to CTB.

CLOUD BOUNDARY TRANSDUCER.

A transmitter and a receiver of the ceilometer PBO-2 are used in
CRAMS-2. But they are connected with a special block, named cloud
boundary transducer, CBT-block. And this block is connected with
control and transform block CTB (see fig.25:2).

This block, CBT, 1s placed
in a room, usually near '
CTB and CSCE. Tt makes PBO-2

. . X (Transmitter
the following operations. ( smtter) o
1. CTB generates signals L To CTB

to  fire gas lamp of CBT [*
transducer. The frequency | ppo_y

of this signal 15 1 Hz:

2. CBT measures a time
range from the moment
gas lamp flash to cloud Fig.25.2
signal receiving. o

3. It transforms signal to digital form.

4. Tt analyses the signal - overages 8 values of signal and rejects
occasional signals (not more than 2 of 8 numbers), when there 1s a small
hole 1n cloud, or a small cloud on cloudless sky.

5: It indicates cloud altitude on a special indicator.

(Receiver)

6. It gives the special signal "1900" to indicator when cloud altitude is

more than 1500 m or clouds are absent.



VOCABULARY - -
Level — pemar '
Support ~ TO4Ka OIOPHI (To4Ka HOJBECE)
Gear - mecTepHs
Screw — BUHT
Nut — raiixa .
- Fine potentiometer — rpy6riit moTeHnmoMeTp
Precision potentiometer — TOYHEIH HOTEHIMOMETD
Reject — 01GpachBaTh, OTOPAKOBEIBATEL

141
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Lecture 26.
" TEMPERATURE AND HUMIDITY TRANSDUCER (THT)

There is the same transducer for .temperature and humidity
measurements. The thing is that psychrometer method is used to measure
atmospheric humidity. Thus there are two thermometers - dry and wet. Of
course, these thermometers must be remote sensors - thermoresistors, for
example. But two difficulties must be solved to construct such a
transducer. They are following.

1. How to saturate wet-bulb thermometer (it must be done
automatically)? '

2. How to measure the humidity in winter, when temperature is below
zero?
The first problem is solved by a construction you can see on fig.26.1.

Fig.26.1. Temperature and humidity transducer.

Here (1) and (2) are thermoresistors placed within tubes (3). But the wet
thermoresistor (2) 1s placed to a thin tube (4), connected with a vessel (5)
with water. Of course, the water level within the vessel (5) is the same.
Thus the thermoresistor (2) is covered by water.

Five minutes before measurements a motor (6) becomes on and air
aspirates thermoresistors. But moreover the motor pumps air out of the
vessel (5) and the pressure within the vessel decreases. Due to it the water
moves out of the tube (4) to the vessel and wet thermoresistor 1s blown
over air, Five minutes later the dry and wet thermoresistor's temperature
is measured and the motor (6) becomes off.

. As 10 electrical circuit of the transducer, it is pictured on fig.26.2.
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U

vy

Fig.26.2. Electrical circuit of THT.

When kevs K1 and K2 have the upper position the bridge circuit
mcludes resister R1 — (Ro+R5) — R6 — RS, where R, 15 the wet
thermoresistor. The signal from measuring diagonal comes to CTB. Then
kevs are switched to lower position and the bridge circuit includes
resistors: R2 —  (RqtR6) — R6 — RS, where Ry is the dry
thermoresistors.  The signal coming to- CTB  depends upon dry
thermoresistor temperature t. -

R3 and R4 are low-value variable resistors. Thev are used for
adjustment of the circuit,

Such a method is used to measure the humidity when temperature is
above zero. But when temperature is not less than -4 C (during morning
frost, for example) the 4% alcohol solution can be used to prevent water
freezing. But when t < -4° the another method has to be used It is hair
hvdrometer you can see of fig.26.3. »

Here (1) 1s 4 hair guitar. Its lower

edge 1s unmoved, but the upper

edge can move up and down. Tt

moves the level system (2) and -
the axis (3) can be rotated. The

- spring (4) forces the hair guitar

back, thus the angle of axis (4)

turn depends on humidity. The '
pointer (5) shows the humidity Fig.26.3 Hair hygrometer of THT
with the scale. And a block (6) :
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converts the angle of axis to a voltage. The circuit of Thlb block is shown

on fig.26.4.

" A rotor ‘is rotated by axis. An AC is
used as a power source for transformer
L1-L2. The AC - amplitude at coil L1 is
constant. The amplitude of AC at L2

To CTB

EA

- depends on rotor turn. Thus the signal @ rotor

coming to CTB depends on humidity.

The precision measurements of THT

are 5 % by psyhrometer and 10 % by mu

hair hygrometer. The temperature can o~

be measured from -60° up to +50° with

precision measurements 0. 2°.

Fig. 26.4.

Let's mention; CSCE calculates dew-point temperature usmg the program

of ROM.

- THUNDERSTORM TRANSDUCER

To receive the information about thunderstorm presence we can use
electric’ field step during lightning. A sensor of this transducer is a big
plate, placed on the top of the mast 7m altitude. It is the aerial of
electrostatic field. Let's consider the aerial's oper dtmg

When - there 1s a charged
thunderstorm' -cloud - above the
aerial (or not far from airdrome),
opposite sign charges come to
aerial from the ground (see
fig.26.5). They come through an
“amplifier's input resistor (it is
about 10°Q2). When lightning
flashes, the cloud discharges
partially and electric field steps
down. Due to it a part of aerial’s
charges  becomes  superfluous.
They return to the ground through
the amplifier's input resistance.
Thus a faint current pulse appears
at amplifier's input. We'll call it
the thunderstorm pulse.

Fig. 26.5. The aerial of
thunderstorm transducer.
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> [» TB 1 PF s EC o R L

Fig.26.6~. Block-diagram of thunderstorm transducer.

Being amplified the thunderstorm pulse comes to threshold block (TB,
see fig.26.6). This block solves a problem to separate near thunderstorms
and distant thunderstorms. Of course, near thunderstorms causes high
pulses, distant thunderstorm causes low pulses (see voltage patterns on
fig.26.6). Threshold block passes pulses having the amplitude more than
voltage threshold Uy, . The value Uy, can be regulated. Thus the radius of
observation can be regulated too. Then pulse former PF generates right-
angle pulses when thunderstorm pulse comes to input of PF./Expansion
circuit EC extends the pulse duration to give relay R enough time to pick
up. Relay's contacts become closed and electric signal comes to CTB.
Station CRAMS-2 turns to storm mode. '

If thunderstorm pulbes wouldn't appear during 15 mmuteq station
turns to term mode again.

: VOCABULARY .
Vessel — cocyn
Pump - oTkaguBaTh
Adjustment — Hacrpoiika
Alcohol ~ ciapt '
Aerial — anTenna
Superflucus — mummHwA
Faint — cnabeit '
Threshold block — moporoeoe yerpoictso
Pulse former — GopMupoBateIb HMOYALCOB
Expansion circuit — pacImppsitomniee yeTpoceTso
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Lecture 27
FACSIMILE APPARATUS (FAXES)

Facsimile apparatus, or faxes, are used to transmit pictures - for
example, meteorological maps to electric signal.

" Let's look at the basic principles of faxes. How the transmission of a
picture to electrical signal can be done? We know photocell and
photomultiplier, these elements ean convert the light signal to electric
form. Suppose, a picture is irradiated by light. The reflected light beam
comes to a photocell. But the electrical signal is proportional to integral
luminance of a picture. Thus a copy-picture cannot be reconstructed with
the aim of this signal.

Let's divide a picture by small areas. Every small area must be
illuminated by light and the reflected light beam must be directed to a .
photocell. Then we'll obtain many electrical signals. Every signal is.
proportional to optical density of every small area. Thus we'll be able to
reconstruct a copy-picture if every area is small enough. The size of any
area must be not more than 0.2 - 0.2 mm. Then the copy-picture will be
constructed with- small points. But if we'll look at the copy from the
distance about 30 sm. (or more), we'll not notlce these pomts The copy-
picture will be good enough.

The turn of signals txansmxttmg must >
be following. The first 1s a small arca —>

in the left upper corner of the picture,
than the area to the nght and so on up
to ‘the right edge of the picture (see
fig.27.1.). 'It s one line. Then the
second line below the first and so on

up to the down edge of the picture. © Fig27.1.
Such a turn we'll call the scanning
law.

Let's introduce some specxal terms we'll use speaking about faxes.
1. Resolving power (or resolving cupacity) - a number of e¢lements that
can be noticed per length unit of the copy- pxcture It is measured in lines
-per millimeter (/mm).
2. Line advance - the distant betwem two lmes
3. Transmission speed- the number of lines transmitted by time unit. It is
measured in lines per minute. It can be easily to understand - the higher 1s
the line advance, the less is the resolving power. The higher is the
transmission speed, the less is the resolving power too.
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A very important demand is the synchronization of fax transmiitter and
fax receiver. It means, the scanning along paper has the equal speed in
transmitter and receiver. The second important demand is to do it in
phase. It means, the beginning of the transrmtted line corresponds to the
beginning of the received line.

The copy-picture can be good only upon these conditions.

Now let's look at the block-diagram of faxes (fig.27.2).

Fax transmitter

Scanning Optical Photocell or Amplifier .
system [ P® system _photomultiplier =% system I
Phase and
synchronize
systeimn Y
Connection line 7
- <4
Amplifier Recording Scanning
system > system system
Phase and
Fax receiver synchronize
system

Fig.27.2. The block-diagram of faxes.

The main system of transmitter is oprical system. It contains a light
souice, illuminating small areas of original picture and other optical
clements. The light beam, reflected by small areas, comes to photocell (or
photomultiplier). Scanning system is to move light beam along the
original picture according to scanning law.

Phase and synchronize system generates special signals before the line
beginning. The duration of such a signal is 1/18 of line duration. ‘

Let's consider one possible ()pthdl systemi of fax transmitter (see
1¢.27.3.) ‘
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- The light beam from the lamp (L) is reflected by mirror. (M1) having a
hole in center. Then the light beam is focused by moving objective (MO)-
and passes through mirror system (M2, M3 and RM).

Original picture
M3
5 RM YA

PC

Fig.27.3. Optical system of fax transmitter.

Being reflected bv small area of original picture it passes thr ough the
same optical elements and through the hole in M1. Then it comes to
photocell (PC).

Rocked mirror (RM) moves the light spot along the onglnal picture. At
the same time original picture is moved by motor and all the picture is
scanned by the light beam.

Moving objective (MO) moves to the right and to the left so, that the
size of light plot on the picture doesn't change. The diaphragm (1)) passes
only the light-beam. reflected by small area (0.2 - 0,2 mun).

So, the electrical signal formed by photomultiplier is proportional to the
optical density of every small area. This signal is amplified by amplifier
system. Here the signal 1s amplified, modulated and so on. This signal
comes to connection line. It connects fax transmitter and fax receiver, It
may be wire or radio connection. But now it doesn't matter for ux.

Now let's speak about fax receiver. The main system is recording
system (sec fig.27.2). Several methods to record the copy-picture are
used. ch'yll look at electrochemical method. Tt is used in Russian systems.
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Suppose a spiral, having only one turn, is rotated by motor (M). The
spiral touches a special paper penetrated by solution. The paper is
between the spiral and a metal ruler (see fig.27.4.).

Pay attention - only one point of a paper is between the rule and the
spiral. This point moves when the spiral rotates. The electrical signal
comes to the rule and the current goes through the paper to the splral The
spiral is grounded. ‘

Spiral

Electrochemical paper - Metal ruler
all | /1

Fig.27.4. The recording system of fax receiver.

When the current passes through the paper, the solution is decomposed
and a black spot appears on the white paper. Thus the paper is painted
with black points when the current signal goes through it. On the other
hand, the paper moves and the lines appear by tum. The copy-picture
appears.

To synchronize the fransmitter and receiver the special motors are used.
The angular speed of these motors depends upon the frequency of AC. Of
course, the frequency is absolutely the same.

To make the transmission and the receiver in phase special signals are
sent from the transmitter. These signals are recorded by the receiver as a
black line. If this black line is at the edge of a copy-picture, that's OK.
But if it 15 at the middle of the line, an operator presses the button “left"
or "right". The motor rotates with a speed a bit less (or more) and a black
line moves to the edge. Tt is the bybtern of visual phasing. Of course, this
system may be automatic.

The rexolvmg power of Russian faxes is about 2-3 line per millimeter. -
The transmission speeds are 60, 90, 120 and 240 lines per. minute. The
line advances are 0.53or 0. 265 mm.

N
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VOCABULARY

Facsimile apparatus (faxes) — ¢paxcuMuibHEIe allIapaThl |
Scanning law — 3aKOH cTpOIHO#’ pa3BepTKH

Resolving power — paspeiiaroias ciocoGHOCTh

Line advance ~ miar pa3sBepTKH

Transmission speed — CKOpOCTE MepefaTn
Electrochemical paper — aneKTpoxuMmeCKaﬂ GyMara
Penetrate — npommTHBaThH

Decompose — pasaaratses (xum.)
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Lecture 28.

PERSPECTIVE OF METEOROLOGICAL DEVICES
DEVELOPMENT.

The meteorological technology now develops to three directions.
1. 'The perfection of meteorological sensors.
2. The perfection of calculation methods and data processing. -
3. An engineering of new methods of meteorological measurements.
Today we’ll speak about only one new method. It is laser
measurements, ' '

We have already spoken about laser anemometer. But laser can be also
applied for other meteorolo glcal measurements. Let's speak about lase1
emission. This is a pulse emission. It has following properties.

1. It is monochrome emission. It means that wavelength A = const.

2. Tt has very small divergence angle. '
3. It has very high pulse energy (1 - 10 Mw)..
4. The duration of laser pulse (t) is about 10¥ - 107 s, or less.
5. The frequency of laser pulses is 10 - 1000 Hz.
So, the length of the area, illuminated by laser pulse is L = ¢t ~Im
(see hg 28.1)

L

Fig. 28.1.

When laser emission extends in the atmosphere, it is scattered by »
various molecules, aerosols. drops and so on. A part of this emission can
be reflected and thus it returns to earth. The parameters of this part can be
calcutated, if we know the air composition.

Such a problem is called direct problem. But to measure atmospheric
parameters we have to solve another problem - to measure laser emiission.
transformed by air and calculate atmospheric paranicters. Such problem is -
called inverse problem. 1t is very difficult problcm. There are following
dlﬁmultles to solve it.

.“T'he luminance of laser cmission, reflected b\ air, is very low.
‘The laser emission, reflected bV a sounded laver of atmosphere, is
tranxlmmed by air below,
3. The laser signal may be distorted by our equipiment.
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That's why laser-sounding devices are very complex and very
expensive. But laser sounding has many attractive peculiarities.

1. The distant to sounding area may be as long as 100 km or more:

2. The length of sounding area may be 1 m or less.

3. The sounding time is 10" — 107 s, so this method is absolutely
inertialess.

4. The global monitoring of atmosphere by lasers with satellites can be -
done in future.

Now let’s speak about methods of laser sounding of atmosphere.
What parameters can be obtained and how?

1. Aerosols sounding. This ploblem is the s1mp1e>t The luminance
of laser signal, reflected by aerosols, is rather high. The reflected signal
depends of aerosol size, chemical properties and concentration (amount
per volume unit). Of course, to calculate all these parameters very
complex €alculations must be done.” The problem is to choose the laser
emission wavelength. The radiation must be reflected by aerosols and
must not be transformed by atmosphere below.

2. Atmospheric gases sounding. This problem is much more
difficult, because the luminance of laser signal, reflected by miolecules is
* 1000 time less that the signal, retlected by aerosols. Thus we have to use
more sensitive sensors. To isolate a useful s1gna] on a spurious
background is a difficult problem too.

The method that 1s used more often for atmospheric gases sounding,
is the combined scattering method. The thing is that the light, emitted by
illuminated gas molecule; doesn't contain only one frequency. The main
frequency vq splits and has two side frequencies — vo + Av and vy - Av. -
Thus the spectrum of reflected laser signal has a form, plctured on
fig.28.2.

5 Jo 1,

n

o - Av Vo vo+ Av

- Fip.282

The diffcerence Av depends upon chemical nature of 4 gas molecule.
Thus, to know the chemical nature of a scattering gas we have to measure
Av, and to know the concentration (or a partial pressurc) of this ‘gas we
have to measure the luminance ol side lines J; and J,.

There are a lot of problems to be solved. The luminance of line Jj is
low, but the luminancé of lines Ji and J; are much less. The various gases
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have various lines, so spectrums can be superimposed. The atmosphere
below must be transparent for all lines Jy , Jy and J,.

Fortunately, now"laser with a variable wavelength can be constructed
They are most suitable for solving these problems.

3. Laser sounding of wind. We have mentioned it before. To sound
wind speed and direction the Doppler effect can be used.

4, The atmospheric pressure sounding. To sound the atmosphenc
pressure the combined scattering method can be used. Such gases as
nitrogen and oxygen are sounded and the concentratxon of these gases is
to be determined.

5. The humxdlty sounding. The combined scattering method to sound
a water vapor is used.

6. The temperature soundmg It's a most difficult problem. To solve
it the combined scattering method is used too. The radio of line
‘luminance J,/ Jy depends upon temperature:. Of course, we use such gases
as nitrogen or oXygen, because the concentration of these gases is high.
But the dependence of J,/ J; upon temperature is weak thus thls sounding
must be done very precisely.

Nevertheless laser-sounding methods developes now very quickly. -

VOCABULARY

Perfection — copepinencTBoBanye

Data processing — 06paGoTka JaHHEIX -

Apply — npuMeHATD

Divergence angle — yrox pacxoxaenus

Extend — pactipocTpausrecs

Scatter ~ paccenBaThes

Direct problem — nipamas 3azava
Inverse problem — oGparnas 3agaia

* Distort — uckaxaTh

Peculiarities — ocoGeHHOCTH

Isolate — BrizeUTH

Spurious — HapasuTHBIMA (CHTHAT)

Combined scatter mg method —~ Meroq KOMOMHAIMOHHOTO paccesmnﬂ

cBeTa

Splits — pacmennsicres
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YaeGroe uzmaHue.

METEOROLOGICAL MEASUREMENTS
METEOPOJIOTHYECKHE N3MEPEHHS

Koncnexr sexinii Ha alNTAHCKOM A3LIKE
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