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IONOSPH.ERIC OBSERVERS 

'INSTRUCTION 'MANUAL 

SECTION 1 

INTRODUCTION 

A knowledge of the prevailing characteristics of the ionosphere is of consider-

able importance to all services using radio as a means of long distance communication. 

Since the characteristics of the ionosphere are by no means constant, regular radio 

measurements are made for the prediction of the characteristics and for purposes of 

study. 

In'order to obtain the basic information on the refracting regions of the iono-

sphere, measuring stations are being operated at a number of places throughout the 

world. The positions of these stations are shown in Figure 1.1. Since the auroral 

zones are closely related to disturbances in the ionospheric regions their normal 

position has been indicated on the chart by closed curves. 

The data from all the ionosphere stations are collected and analysed at three 

laboratories:- 

1) Central Radio Propagation Laboratory, Washington, D.C. 

2) National Physical Laboratory, London, England 

3) IOnoSpheric Prediction Service, Sydney, Australia 

Each of these laboratories obtains records from the measuring stations and 

periodically issues summaries of the data  received. In:addition, each issues «charts 

which may be used for predicting, in advance, the proper radio communication fre-

quencies. . 

• 

In'this manual an attempt has been made to. provide detailed instructions for 

scaling - and tabulating  the  ionospheric observations made-at Canadian stations. It'is 

assumed that the user of thiS manual has some fundamental,knowledge of both the 

ionosphere and the ionospheric sounding equipment. 

'Whére'âmilicable to the Canadian records, the recommendations adopted at the 

fifth:meeting of the International Radio Consultive Committee (CCIR) Stockholm, 1948, 

have  been followed. 

'IUmilst be noted that  this  handbook is designed as an instruction manual. Brief 

explanations are given throughout the manual.but-in many cases there has been no 

attempt to - provide complete explanations for the rules and. procédures laid down. 



SECTION 2 

VERTICAL INCIDENCE PULSE MEASUREMENTS 

2.1 General 

If . pulses of radio waves sent vertically upward from a radio transmitter are 

refracted in the ionosphere they may be received back and detected in a radio re-
ceiver a few milliseconds later. Assuming the speed of the radio waves to be constant 

the effective  or 'virtual' height of the refracting region can be determinecL 

Measurements are made over arange of frequencies fràm 500 Kc/s'tcd 20 Mc/s. The 

range of.frequencies which normally refract from a region can then be determined. 

As the transmission frequency is raised a point is reached where radio waves of 

higher frequencies. donot return from the ionospheric region. This limiting frequency 

is called the penetration or 'critical' frequency. 

Modern multifrequency ionospheric equipment is designed so that a record of 
virtual height ofreflection plotted against frequency of transmission is made photo-
graphically on either 16 mm or on 35 mm photographic film. An'èxample is shown in 

Figure 2.1. • 

2.2 Virtual Height 

If a radio frequency pulse is transmitted vertically into the ionosphere and an 

echo is received, the height at which refraction has taken place can be calculated, 

provided that the speed of propagation is known. Vertical incidence equipment is 
calibrated assuming that thewave travels atthe speed of light (300,000 km per second) 
throughout its whole journey to the refracting region and the return. Actually the 
radio wave slows down as it passes through the ionized region. For this reason the 
true height attained is less than the measured height. The difference in the two 

heights is shown in Figure 2.2. The path of the wave has been drawn obliquely for 

ease in illustration. 

2.3 Critical Frequency 

When a radio wave enters an ionized gas it is refracted;  the  amount of refrac-

tion depending upon the frequency of the radio wave and the density of ionization. 
In•an ionospheric region the ionization density increases with height so that a 

radio wave of a given frequency will penetrate the region to a point where the ioni-

zation density is sufficient to cause the wave to be'refracted downward. 

A definite eleètron density is required to cause reflection of radio . waVes of 
any given frequency; increased densities being required for inèreased transmitter 

frequencies. 

The maximum ionization density in the region determines the highest frequency 

of a radio wave that will be refracted downwards by the region. This 'highest fre-
quency' is called the critical frequency since radio waves of higher frequency will 
penetrate the region and pass beyond. Figure 2.3 illustrates this effect. The path 

has been drawn obliquely for ease in illustration-although the cases referred to are 

defineà in terms of radio waves incident on the region. 
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2.4 Ionospheric .Regions 	. 	. 	. . , 	. 	. . 	, „ . 	. 

•A number of typical ionospheric records are reprodaced throughout this Manual 
and indicate the existence of regular ionized - regions.  in the ionosphere.'In - this 
section each of -the regions will . be briefly-disciissed. 	.. 	. 

, 	. 	• 	. 	• 	, 	. 	. 

2.4:1 ERegion -- 90 km to 140km. 	- . 	. 	• - 	. 	._ - 	- 

This region is responsible for refraction at vertical incidence of radio waves 
of frequencies between approximately 1 Mc/s and 3 Mc/s. 	. . 

The'normal E region ionization is formed by ultra-violet radiation from the sun 
. and. the ionization density depends upon. the elevation of the sun - above the horizon. 

Accôrdingly the ionization density of this region, is grea1er in summer than in 
winter, rises to a maximum at local noon, and decreases with the decreasing solar 
elevation during the afternoon. In - polar regions, however, several tpes'of intense 
sporadic ionization occur in-the E region during the dark hours and cannot, there-
fore, be. directly due to ultra-violet radiation..Afurther discussion of these lat-
ter phenomena is included in section 4. • 

2.4.2. Fi  Region - 180 km to 250 km 
- 

This region•has siMilar characteristiés to those of the E region but has great-
èr ionization densities. This region refracts vertically incident radio waves of:fre-
quencies up to about 5 Mc/s in Canada. In'the winter, however, the layer height is .  
very close to that of the F2 region and it is not visiblefor the greater part of 
the day. 

2.4:3 F2 Region - 250 . to 400'km.in-summer day, 180 km to  400 km  at night 
and 150 km.ta 300 km during winter months. 

• 
The diurnal' and seasonal variation s.  of the. F2  region Indicate' that-, the solar 

ultra-violet light provides a considerable contribution' to the.ioniiation in this 
region. Sufficient irregularities exist to show that other causés ofibnizationexist 
in addition.  •  

Maximum ionization is reached in mid-afternoon in the summer and about one hour 
after noon in the winter. The- greatest ionization occurs in the winter rather than 
in the summer in contrast to the case of the E and Fi  regions.  • 

' As with the other regions, the ionization density decreases after sunset dlie to 
recombination processes in the ionized region, but an appreci'ablé-.amountpf ionization 
is Maintained in the F2 region throughout the night. Further discussion of the pepu-
liarities of this region are included in Section 4. 

2.4.4 D Region - 70 km to 90 km 

This region does not normally -support refraction of radio waves within'the 
limits of our measuring equipment. Echoes are recorded occasionally and the observer 
should be aware of their existence. 

.The'region is more important on frequencies above 1 Mc/s due to its absorbing 
effèct upon waves of these.frequencies passing through it. As in the case of E and  
Fi  'region the Solar ultra-violet light is responsible for its existence during the 
day‘ The greatest absorbing effects taking place near.nooli and in the summer. 
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RECEIVER SETTINGS 

2.5 Double Refraction in the Ionosphere 

A radio wave passing through the ionized regions of the ionosphere is usually 

double refracted due to the effect of the earth's magnetic field. The,resultant 
frequency vs. height sweep of the ionospheric echoes is a double trace (see Figure 
2.1.). Ohe trace, that due to the 'ordinary' wave, is not affected by the changes in 
the earth's magnetic field. The other trace, that due to the 'extra-ordinary'-wave, 
is similar to the 'ordinary' trace in shape but displaced to higher frequencies by 
an amount depending upon the intensity of the earth's magnetic field at the level of 
the ionized region. Further discussion of this effect is given in section 4.7. 

2,6 Vertical Incidence Chservations 

• 2.6.1. Automatic . Equipment 

Canadian Ionospheric stations are equipped with an automatic ionospheric equip-
ment either Canadian type LG17 or American C.R.P.L. type C2. Ihe'frequency limits of 
the LG17 are .6 Mc/s to 20 Mc/s, of the 12 1.0 Mc/s to 25 Mc/s. 

In addition to the automatic equipment each station has a standby .  manual ionô-
spheric equipment covering approximately the range 1.7 Mc/s to 16'Mc/s. 

The equipment at the stations is as follows: 

Baker Lake C2 and manual equipment 

Churchill LG17 " 	Il 	 If 

Fort Chimo C2 " 	tt 	n 	. 

Ottawa C2 	” 	n 	ft 	. 

Prince Rupert LG17 and manual equipment 

Resolute Bay C2 

St Johns LG17 

The Pas manual 

Winnipeg LG17 

2,6.2. Control Settings for Automatic Equipment 

The following are the normal  settings for the controls of the C2 and LG17  auto-
matie  equipment .  It may.be  necessary to vary these at some stations depending upon 
local conditions. 

TYPE C2 EQUIPMENT 

RF Gain 	 WI to 1/2 turn from zero gain 

Auto-Man. 	 .... 	.... , .. 	...... Man. 

Time constant 	 short 

*  The gain setting is important and should be adjusted to 
produce the maximum amount of information at all tiMes. 



VARIABLE'FREQUENCY OSCILLATOR 

'Frequency Sweep Time-- 0 5 15 . seConds 

„— —.15 Sècends 

— „ 	„. „sweep 

„ 	„ .35 'nun 

MASTER CLOCK 

Charging rate„...--- 

MASTER CLOCK 

'Mains switch—  0 

.„...„„..,.. „...„ off 

35 MM CAMERA 	• 

-Gear  

MONITOR OSCILLOSCOPE 

Selector switch.....„., 

RECORDING OSCILLOSCOPE 

Becord—.......,....... 

PULSE GENERATOR 

Height range„„„,..„.„.„....„..._..„,„„_,„___...„.„, 

„.„ —Adjust so that ground-pulse 
blanks out first-height marker. 

...100 km: 

.50 microseconds 

„1000•kni„ 

Pulse Zero•adjustment„.„ 

Height marker...,„....„.„..„........-- 

Pulse  length.........„—„,„.......„.... 

Pulse rate 

CONTROL PANEL 

...„—„,,.........„...About 60 cycles-per'second 

15 minutes 

---,Auto 

Interval-selector Switch  

Auto44an switch 

Continuous sweep switch 	..  

TYPE LG  17  EQUIPMENT 
RECEIVER 

RF Gain control„—... about 34 turn-  from Zero gain 
. (adjUsted for best piéture). 

...--„,„;..„.„.High with resistor shorted 
(unless 'operated froM batterY supPly).: -  • 

VARIABLE FREQUENCY OSCILLATOR 

Frequency sweep 	 seconds 

• • 
. 35 MM CAMERA 	

• 	- 	
• 

• . 
• 

• 

• Flexible drive-shaft connected 

Gear 	 2 



R.H..0SCILLISCOPE 

.'. 	 „ 35-16 	— 	 16mMffim switch. 	. 

L.H. OSCILLISCOPE 

..... 35 mm. ..... ......,... ............... 35-16 mm switch 	 

PULSE GENERATOR 

Height range switch..............................................1200 km. 

Height marker switch 	 0. . 	..... 	100 km. 

Pulse  length switch  	50 microseconds 

Pulse rate 	....... . ...... 	,0,..........60 cycles per Sec. 

CONTROL 

Interval-selector switch 	 ..15 minutes 

2.6.3. Routine Observations 

At stations having automatic equipment, 35 mm photographic records are made 
every 15 minutes but only the records on each hour are scaled. Records are made on 
the manual equipment once each shift (three a day) and each hour when the automatic 
equipment shows no echoes. 

At'Stations having manual equipment only, and at other stations, when the auto-
matic equipment is inoperative, sweeps are made once each hour. 

2.6.4. 16 mm Records 

'The automatic equipments are-  capable of making records on 16 mm film. When 
records are made atshort intervals and then run through on a standard motion picture 
projector, the changes of the ionosphere are speeded up and can be studied very con-
veniently. 

16 mm records at 15 second intervals are made at stations having automatic 
eqUipment on the first and third Wednesday of each month starting at 0001 GMT and 
running for 24 hours. 

Millen taking continuous 16 mm sweeps the height and frequency markers should be 
eliminated except for a five minute period each hour. Before starting the sweeps 
short lines 14. inch long should be marked in ink on the face of the cathode ray tube 
along the top of the sweep and corresponding to the frequency markers. 

2.6.5. Manual Vertical Incidence Equipment 

Ille'manual vertical incidence equipment must be tuned by hand through the,avail= - 
able range. At each frequency the transmitter is tuned to the receiver and the vir-
tual heights of ail  echoes seen are plotted directly on semi-logarithmic graph paper. 

Figure 2.6.5. (a) represents the sweep line on the cathode ray tube. The posi-
tion of the blank spot is controlled by a dial which is calibrated in equivalent 
height of reflection. 
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To measure the virtualleight of.an  echo the blank spot is moved halfway up the 
left hand side of the echo pulse.and the-height dial is read. A similar reading is 

made on the right hand side of the echo. A line is plotted on the graph paper rep-

resenting this range of heights. 

On occasions the echo is very variable and may extend over some hundreds of km. 
Such an echo should be . plotted as a wavy line. 

When . an echo shows a definite split with two peaks, a short horizontal line is 
drawn to show the mutual height of the minimum. When the minimum extends down to the 
sweep line the two peaks are plotted as separate echoes. 

A manual sweep takes 10 to 15 minutes for an experienced operator and in order 
that the tabulated values may be comparable with those made on the autbmatic equip-
ment, it Should . be arranged that the frequencies near the ordinary ray critical of 
the F2 region are measured as near as possible to the hour. 

For a complete sweep, the measurements are made at each 0.1 les interval star-
ting at the lowest frequency available. At'ftequencies abbve 5.0 MC/s, intervals of 
0.2 Mc/s are sufficient, except near critical frequencies. Figure 2.6.5. (b) shows a 
typical manual sweep. 

A single cycle semi-logarithmic paper is normally used to plot sweeps. When 
echoes are observed above 10,0 Mc/s -they should be plotted between 1 Mc/s and 2 Mc/s 
relabelling this range 1011C/s-to 20 Mc/s. 



SECTION 

•SYKBOLS 

'Bàgic 

'The following are basic symbols. Thèir use in scaling ionospheric records is 
given more fully in later paragraphs. 

In.all cases frequency is expressed in Megacycles per second 	Mc/s„, heights 
•or distances in Kilometers 	km. 

• 3.1.1.. 	'f 	:frequency 

3. 1 2, 	fo 	-critical frequency of the ordinary wavé 

3. 1, 3. 	fx 	critical frequencyof the extra-ordinary wave corresponding to 
the highest frequency branch of .a three component h'f curve. 

'fz 	critical frequency of the longitudinal wave corresponding to 
the lii*est frequency branch of a three .component h'f curve. 

3.1.5 	h' 	virtual height or equivalent height (frequently used to denote 
minimum virtual height), 

3.1.6. 	.hp 	virtual height measured on the ordinary wave branch at a fre- 
quency equal.to  0.834 times fo, 

3.1.7. 	MUF 	maximum usable frequency 

3 0 1.8. 	d-MUF 	maximum usable frequency over a given path of:some specified 
or standard length d. e.g. 3000-MUF 

FUT 	optimum traffic frequency. This is the recommended traffic 
.frequency over a given path which will be good for communica- . 
tions 90% of the time.- This optimum frequency is considered 
to be 15% below the MUF for the saine  given path. 

3.1.10. 	LUF lowest useful high freqaehey over a given path. This frequen- 
•cy is determined by the amount of attenuation of the radio 
wave. It'is direc4ly dependent upon ionospheric absorption, 
power output of the transmitter, characteristiCs of antenna, 
receiver.sensitivity and characteristics of receiver location 
such as local interference,  and  thunderstorm areas. 

3.1,11. 'Md 	' maximum usable frequency factor over a giVen path of some 
specified length d., via some particular layer or region e.g, 

• (M3000) F2. _ 

3.1.12 	ll'f 	amultifrequency observation of ionospheric echoes displaying 
the virtual height h as a function of frequency f. 

3.1.13. 	h't 	a fixed frequency observation of ionospheric echoes, display-- 
• ing the virtual height h' as a function of time t. 



3.1.16. 

The F2-region, This is the uppermost refracting region of the 
ionosphere which is regulàrly'observed. It'exiSts between 150 
km and 450 km above the surface of the earth. Its'height  and  
thickness are variable and depend upon the time of day and 
season of the year, 

3.1.14. 	F2 • 
3.1.15. 	Fi  

3.1.17. 	E2 

3.1.18. 	Es 

3.1.19. 	D 

The Fi  region is visible as a lower stratification of the 
F region. It'is visible during daylight houirs and is most 
clearly defined during the summer months. 

The E region. This,is the refractinK.region . observed during 
the daylight hours between 90 km and 150 km above the surface 
of the earth. Its'vertical thickness is small compared to the 
F region and it-may justifiably be called.a 'layer'. This re-
gion was formerly referred to asthe Kennelly-Heaviside layer. 

The E2 region is  an  upper stratification of the E region. It 
is most often seen during the hours near sunrise, It is not 
observed regularly at all ionospheric stations. 

All'echoes from the E region which are not attributed to the 
regular effect of solar ultra-violet radiation are called E-
sporadic (És). At stations in the auroral zone (Churchill . and 
Fort Chimo) Es occurs regularly during the night hours. 

The'D region exists between 70 and 80 km above the, earth's 
surface. It'is responsible for absorption of medium and high 
frequencies but acts as a reflecting or refracting region at 
low frequencies. 

3.2 Combinations of Symbols'Representing Ionospheric Characteristics 

The correct terminology for ionospheric characteristics is given below. Ch mon-
thly report sheets this nomenclature should be entered under "VALUES OF'. 

3.2.1. 	foE 	critical frequency for E layer, ordinary wave (o) branch 

3.2.2. 	foF1 	critical frequency for F1 region, ordinary wave (o) branch 

3.2.3. 	foF2 	critical frequency for F2 region, ordinary wave (o) branch 

3.2.4 	fxE 	critical frequency for the E layer,,extra-ordinary wave (x) 
branch, corresponding to the highest frequency branch of a 
three component h'f curve. 

3.2.5. 	fxF1 	critical frequency for Fi  region, extra-ordinary.wave (x) 
branch 

3.2.6. 	fxF2 	critical frequency for F2 region, extra-ordinary wave (x) 
branch 

3.2.7. 	fzE 	critical frequency for E layer, longitudinal wave (z) branch 

3.2.8. 	fzFl 	critical frequency forF1 region, longitudinal wave (z) branch 

3.2.9 	fzF2 	critical frequency forF2 region, longitudinal wave (Z) branch 

3.2.10 	fEs 	highest frequency on which a continuous sporadic E trace is 
observed (see note 1. at the end of this subsection). 



	

3.2.11. 	• fbEs 

	

3.2.12. 	fmEs 

	

3.2.13. 	f-min 

	

3.2.14, 	h'E 

	

3.2.15. 	h'FI 

	

3.2.16. 	h'F2 

	

3.2.17. 	h'Es 

	

3.2.18. 	hpF1 

the lowest frequency at which F region echoes are observed 
through intense or blanketing type sporadic E. 

the highest frequency of the first multiple reflection of E-
speradic, 

minimum  frequency.of echoes seen from any• region. 

minimum virtual height or apparent height ef - E - laYer meesured 
on the ordinary wave branch 

minimumyirtual height'in the Fi  region, Corresponding to the 
lowest apparent height measured on - the ordinary wave brmàch 

minimum virtual height in the F2  region, - cOrreSpending to  the 
lowest apparent heightMeasured on the•ordinery wave branch 

minimum virtual height., corresponding to the lowest apparent 
height - of sporadic echoes from E layer heights,  • 

a virtual height in the Fi  region measured on the ordinary- 
•wave branch at a frequency equal to 0.834 times the foF1. 
Ihis'the true height of maximum ion density in the region 
assuming that the ionization of the . region varies with height 
parabolically, 

3.2.19 	hpF2 	a virtual height in the F2 region measured on the ordinary 
wave branch at a frequency equal - to 0.834 times the foF2, 

3.2.20. E-d-M0F 	maximum usable frequency for transmission via E layer over a 
given oblique path of.some specified or standard distance d. 
e.g. E-1500L.M0E-is the highest frequency which can be tranS- 

• mined over 1500 km distance via the E layer. 

	

.3.2.21. 	F1,d-M0F 	maximum usable . frequencies for transmission via their respec- 
F2-d-M0F 

	

	tive regions over a given oblique path of some specified or 
standard distance for d, 

• 

	

3.2.22. 	(M1500)E • maximum usable frequency  factor  for E layer transmission over 
a given oblique path of 1500 km. This is the ratio of MUF to 
the criticàl frequency. i.e. MUF divided by fo. 

32 .23. 	(M3000)F1 	maximum usable - frequency factor for Fi  region transmission 
over a given oblique path of 3000 km. 

3.2.24. 	(M3000)F2 	maximum useble frequency factor for F2 region  transmission  
over a giyen oblique path of 3000 km, 

NOTE 1. 	'At'the present time the mechanisms which . produce E _sporadic 
are.not very well known, Analysis  shows the existence of 
several types, one of which has retardation present near its 

• top reflection frequency .  For uniformity in measurement the 
top frequency.which - givesmcontinUous solid-trace from either 
the lower frequency limit of the recorder or from the minimum 
frequency of reflections scaled, even though it may be the 
extra-ordinary wave, should be recorded. 



NOTE 2. 	It'should be remarked that all symbols in the above list, are 
to be typewritten on a straight line. No superscripts or 
subscripts are to be used, It should also be noticed that 
while layers orregions aremTitten with capital letters (upper 
-case), characteristics of the region are written as small 
letters (lower-case). 

Descriptive Sym 	•bols 

'Frequently the measurements of critical frequencies andvirtual heights are_ap-
proiimate -ordoubtful, It'is useful to indicate this when such values are entered on 
tabulation sheets. The>following descriptive symbols are designed to describe such 

• situations. Symbols'have been provided for'nearly every purpose including cases when 
the records are not measurable. It'Will be found that more than one symbol:may des-
cribe aparticular observation .  When possible only one symbol should be used describ-
ing the most signifiant characteristic. 

3.3.1. 	A 	Characteristic not measurable because of blanketing by Es. (it 
may be logically tabulated on any height or critical frequency sheet, 
except of course for Es), 

This may be used:- 

(i) Instead of an observed numerical value. 

(ii) As reason for doubtful numerical value when parentheses 
are used. 

(iii) To'describe a doubtful numerical value when parentheses 
are not used, 

3.302. Characteristic not measurable because of partial or complete 
absorption. (Absorption is generally . greatest onthe lower frequencies 
and decreases with increasing frequency. Thérefonait affects the high 
frequency portion ofthe sweep less than the lower frequencies. Symbol 
B should not be used for f3F2 except in case of total blackout). 

Symbol B should be used:- 

(i) Instead'of an observed numerical value. 

(ii) For fEs, use B only in case of total blackout, (When comput 
ing f min median, count B as . higher than the median). 

3.3.3. 	C 	Characteristic not observed because of equipment failure 	or 
Characteristic not observed because of some failure or ommission on 
the part of the operator 	or 
Loss or destruction of successful observations, (The latter two rea-
sons were previously covered by symbols M and T. This  symbol may be 
used logically on any of the tabulations), 

This may be used:- 

(i) Instead of an observed numerical value. 

(ii) As a condition for which interpolations may be used. 



1 
3.3.4. 	D 	Characteristic at a frequency higher than the upper.frequency 	1 

- limit of the recorder. 	 • 	 . 
. 	. • 

This may be used:- 	 - 	. 	 , 
. 	. 	. 

(i) Instead of a,numerical value of critical frequency and in 
. 

the  median-count as having a higher value than the median. 

335 	E 	Characteristic equal to or less than the lower frequency limit 
of the recorder. 

Symbol E should le used:- 

(i) Instead of a numerical value for fo and- h'. Incomputing 
the median - on Critical frequency sheets, symbol E is coun-
ted as being equal to or less than the median. 

(ii) Asa  qualifying symbol for-fEs when. Es  and  E layer is mis- 
.sing except in case Of total blackout. Example: E  2.0  Mé/s. 
In'this case, f min is 2.0 Mc/s. Hence fEs . id.the above 
-example is equal to or less than 2.0. Mc/s. 

336 	F 	Spread echoes present (this may occur in any region including 
E layer, although it is far more common in the F region. Scaling of 
spread echoes is further discussed in detail in a later chapter). 

This may be used:- 

(i) Instead of an observed numerical value. 

(ii) To qualify an observed numerical value., 

(iii) As a reason for a doubtful numerical value when parentheses 
are used. 

3.3.7. 	G (a) 	F2 region critical frequency equal to or less than  Fi  region 
critical frequency. This condition occurs when the ion-density of the 

F2 region falls . below the ion-density of the Fi  region. Therefore 
after the critical frequency of the Fi  region is reached no echoes 

are visible from the F2 region. This condition might not be recog-
nized until F2 region begins to reappear at great virtual heights ag 
this phenomenon most often occurs during the first few hours of day-
light. It‘might also be recognized by checking foF2 and foF1 the 
previous day. 

Syrilbol G should be used:- 

(i) Instead of a numerical value for fie2. When computing foF2 
• • 

	

	median, count G as equal to or less lhan fel for the same 
hour.. 

(b) 	Mhen Es is missing but E  layer. 	fEsis assumed to be 
equal to or less than foE. 

Symbol G should be used:- 

(i) Ifistead of a numerical value for fEs. When computing fEs 
- median, count G as equal to or less than foE for the same 
hour- 



3.3.8. 	H 	Stratification observed within the layer or region. Stratifica- 

tion appears as a leveling off in the trace followed by a rise. In 
some cases this rise may be enough to appear as another distinct 
critical frequency within the layer or region. This condition may 
occur in any regionorlayer but quite often occurs withintheE layer. 
When  this  latter condition appears, it is referred to as E2 and tab-
ulated separately. 

This may be used:- 

(i) To qualify an observed numerical value when parentheses'are 
not used. 

(ii) Asa reason for doubtful numerical value when parentheses 
are used. 

3.3.9. J 	Ordinary-wave characteristic determined from measuring extra 
-ordinary wave characteristic. In'some cases, especially in themor, 
thern latitude stations, fo may be spread into fx or fz branches, 
making it impossible to determine the fo. Under some conditions, fo 
may become absorbed when fx or fz are quite visible or fo may be lost 
due to equipment trouble. When these or similar conditions occur, it • 

 is possible to determine the fo by subtracting a given quantity of 
frequency from the fx, or adding a given quantity to the fz. These 
amounts vary depending on the total magnetic force at different sta-
tions. These quantities forCanadian stations are tabulated in Section 

This may be used:- 

(i) To qualify an observed numerical value. 

3.3.10. 	L (a) 	FI:region7viSible'butcriticarfrequency.::for.FLregion..omitted 
because no definite or abrupt change in the slope of the h'f curve is 
observed either for the first reflection or any of the multiples. 

	

(b) 	Minimum virtual height forF2 region omitted because theF2 region 
trace has no point of zero slope and is continuous with  Fi  region 
trace. 

This'may be used:- 

(i) Instead of an observed numerical value. 

3.3.11. 	M 	('Ibis  symbol is no longer used. Refer symbol C.) 

3.3.12. 	N 	Unable to make logical,interpretation. (This symbol should'be 
used very cautiously and only when no numerical value or other symbol 
logically applies). 

This  may be used:- 

(i) Instead of an observed numerical value. 



Trace extrapolated to a critical frequency. This is the case 
when the upturn or retarded part of the trace becomes absorbed before 
it reaches vertical. Critical frequency should not beestimated unless 
the slope of the curve reaches at least 60 degrees to the horizontal 
in the F2 region. 

3.3.13. P 

This may be used:- 

(i) To qualify an observed numerical value. 

3.3.14. Q 

3.3.15.  • S 

Fi  region not present (This symbol is to indicate when  Fi  region 
is expected to occur as a distinct stratification in the F region but 
no evidence of it appears. Such situations occur near sunrise and sun-
set as well as when conditions at Canadian stations are entering or 
leaving the winter season). 

This is used:- 

(i) Instead of an observed numerical value. 

Characteristic obscured by external interference. (This symbol 
is to be used where a virtual height or critical frequency can not be 
scaled due to obliteration of the trace by strong interfering sta-
tions, thunder storms, general noise.  or other type of interference. 
This symbol should be used as little as possible). 

This may be used:- 

(i) Instead of an observed numerical value. 

(ii)To qualify an aserved numerical value. 

(iii) As reason for doubtful numerical value when parentheses are 
used, 

3.3.16. T 	(This symbol is no longer used. Refer symbol C). 

3.3.17: V Trace forked near the critical frequency, (In some instances the 
F2 region critical frequency splits - up into two separate critical 
frequencies not having the correct separation to be fx or fz. Usually 
this forking appears in both the ordinary and extra-ordinary traces. 
In this case the highest fork on the ordinary trace is scaled as fo). 

This may be used:- 

(i) To qualify an observed numerical value of critical fre-
quency. 

(ii) As a reason for doubtful numerical value when parentheses 
are used. 



3n3n18. 	W 	Characteristic at a virtual height greater than the normal upper 

height limit of the recorder. 

This is used:- 

(i) Instead of an observed numerical value.' 

3319. Y 	Es trace intermittent in frequency range. (This is to indicate 
that the sporadic E is broken up into several short traces, all being 
the same virtual height and the highest frequency of the continuous 
trace scaled as fEs), 

This is to be used:- 

(i) 'To qualify.an observed numerical value. 

(ii) Instead of an observed numerical value. 

3.4. Symbols Qualifying Ionospheric Characteristics 

These symbols indicate accuracy of the values tabulated where measurements are 
doubtful. 

3.4.1. 	( ) Values enclosed in parentheses indicate the degree of doubtful- 
ness .  If a value of frequency can be estimated only within plus or 
minus 0.5 Mcs., enclose it in parentheses, reason for doubt to be 
specified by one of the appropriate DESCRIPTIVE SYMBOLS entered imme-
diately before the first bracket. If a value of frequency can be es-
timated within plus or minus 0.2 Mcs it is tabulated with only one 
of the DESCRIPTIVE SYMBOLS where necessary. 

3.4.2. 	( ) Values enclosed between oblique-strokes represent interpolated 
values rather than observed values, that is, the average of the value 
before and after the one concerned. 

In hourly tabulations of ionospheric characteristics asingle 
missing value should be interpolated provided that the value is miss-
ing due to non-ionospheric reasons. If two or more consecutive hours 
of values are missing, interpolation is not performed. 

3.4.3. 	> or D Either symbol when standing before a number means greater than. 

< or E Either symbol when standing before a number means less than. 

• 
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' SECTION  4. • 

• • 	 - 	. 
INTERPRETATION  AND  SCALING  OF  •IONOSPHERIC RECORDS ' 

4.1. Sealing -the F2 Critical Frequency 	• 

This is the freqUency on a vertical-incidence record-at the point where the 
trace in the F2 region turns upwards and becomes almost vertical.Theordinary branch 
critical frequency (foF2) corresponds tothe maximum electron densityintheF2region. 
The'fXF2 and fzF2 depend .upon the total force of the earth's magnetic -field. At 
'times these components become very complicated, especially at the more northerly 
stations, making scaling extremely difficult. In'the following Paragraphs a number 
of sweeps are described with explanations regarding how each may be produced and the 
manner in . which each should be scaled for tabulations. The illustration - numbers are 
correlated to the corresponding paragraphs. 

4.1.1. Spread Eau - The fo and fx branches are often indistinguishable from one 
another. When theinside (lowest frequency) edge isclear it is,scaled as the fobranch. 
Occasionally the spread is extended a megacycle or more. If the inside edge can be 
scaled within plus or minus 0.2 of .a mc it is tabulated with 'Descriptive symbol' F. 
When it is possible to estimate it only with plus or minus 0.5 of a mc the value is 
enclosed in parentheses with 'Descriptive symbol' F. If the spread extends to the 

lower frequency limit of the equipment, no value should be tabulated but 'Descrip, 
tive symbols' either E or F are used, depending upon whether the observer believes 
the critical frequency is definitely below the limit of the equipment or not. In 
measuring MUF's, M factor etc., allowance should be made for the width of the pulse. 
In'order to do this accurately with the manual equipment, it is necessary to plot 
the echo lengths carefully. 

There are two possible explanation for the existence of spread echoes, either 
one or both may be correct. When the ionosphere becomes turbulent, the lower edge 

becomes very irregular. In'this case many non-vertical reflections may occur over a 
considerable area of the ionosphere. Ch the other  baud the ionosphere may be strati-
fied into many thin sections resulting in partial reflections and group-retardation. 

4.1.2. PolarSpur ..- This ismost often seen atthe more northerly Canadian.stations, 
and is probably a type of oblique reflection, the echoes coming from oblique .angles 
as well as from overhead. Aswe wish only to measure critical frequencies from direc-
tly overhead, the lowest.critical frequency should be recorded. These records may or 

may. not be spread. Sometimes the polar-spur is more spread than the Co' and u x. ' 

traces and at other times it may be difficult to separate the polar-spur from these 
traces. 

4.1.3. 	Occasionally sweeps are seen where two branches are present which have the 

usual frequency separation between the lower frequency branch and the inside edge of 

the upper frequency branch, with the upper branch spread over a megacycle or more. 

In such case the lower frequency branch is scaled as the foF2, the inside edge of the 

upper trace as fxF2, the remainder being polar-spur as that described in 2. 

4.1.4. This . type of sweep is seen quite frequently during the early morning hours 
beforesunrise. There are two complete sets of traces with both ordinary and extra- 

ordinary branches with approximately the same minimum virtual height Successive 
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observations show that one or other set of traces may disappear as though absorbed, 
and then'reappear. This type of oscillation from one  trace  to the other may persis t . 
irregularly for several hours. 

It is very difficult to say which is the correct trace to scale. Check the sweeps 
before and afterward for continuity and if this is not - helpful scale the sweep with 
the lowest minimum virtual height: , 

4.L5.  •This is avariation of conditions described in either 4.1,2. or 4.1.4.'Unless 
by previous.records it is shown not,to be atype of 01hr-spur it should be scaled as 
a double:trace  as  4.1.4. • 

4.1.6..  The  slanting:trace is produced by an oblique reflection. This effect is seen 
when à portion of the wave returning from the F region has been scattered by a cloud 
of intense sporadic E, follows a triangular path back to the ionospheric station. 

	

4.1.7. 	This  type of trace is known as a forked record. The ordinàry and-extra- 
ordinary traces are both split into two  or  three separate critical frequencies. In 
this case the séparation  between. the lowest critical frequency ofthe ordinary branch 
and the lowest critical frequency of the extra-érdinary branch must be that norMally 
observed between the o and x branches. Similarly the upper branches must show the 
usual separation .. The highest frequency .forkorbranch ofthe ordinary trace is scaled 
as the  foF2. Frequently one ormore of the forks may become spread. or one of the forks 
in either branch may not be present. In such cases sweeps before and after should be 
checked for continuity. When tabulating the highest critical frequency of a forked 
record, the "Descriptive symbol' V is inserted as well as the numerical value. 

4.1.8. Brush Trace - Three ormore forks are seen which do not fit into pairs and do 
not have the proper-  separation for fz, fo and fx branches. No logical explanation can 
be given for this special type of . splitting. When scaling, the lowest critical fre-
'quency is measured as the foF2 and a note made in the remarks column. 

	

4.1.9. 	Sometimes the F region z trace is visible at,frequencies below foE. This 
may help in differentiating the ordinary from the extraordinary E region trace. 

4.1 0 10. When only one clear trace is present assume it to be the ordinary branch. 

4.1.11. If only two traces are visible with a separation just under 1.0 Mc/s with 
no other indications, assumethe lower critical frequency to be foF2 and the higher 
critical frequency to be fxF2. •  

4.1.12. The F2 region trace may not be visible'near the critical frequency due to 
deviative absorption. The curve of the trace may be extrapolated to a ccritical 
frequency when the slope  of the  last visible part of the trace is at least 60 degrees 
to the horizontal. When this  is  done symbol P is inserted with the numerical value. 

401.13. 	The F2 region may become stratified, with sharp.,increases in electron 
density appearing at greater heights within the region. When this phenomena exists, 
more than one critical.may. apPear. When  Fi  region . is  present, it may be difficult to 
determine which critical corresponds to the normal Fi  region. The highest critical 
of the ordinary branch is scaled as the foF2. Records before and after as . well as 
for the same hours of the previous day must be Used for determining foF1. 

4.1.14. The  electron density of the F2 region may decrease below that of the Fi  
region. This happens most frequently during the early Mbrning,sweePs when some 
diSturbance in the F2 region has taken place. Then, the F2  region is blanketed by the 
Fi  region, and the waVe frequency is increased beyond the Fi  critical frequency, no 
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reflections are visible from the F2 region, This'phenomenon might not be recognized 
until the F2 region begins to reappear at great virtual heights. It:can:be recognized 
'by checking-the critical frequencies of the F2 and F1 regiOns for the previous day. 

Uhder such  conditions th  critical frequency of the F2 region is . not measurable and 
'Descriptive symbol' G is used in the tabulation. 

4.1.15. 'This type oftrace is similar to Sporadic E except it is seen up to F region 
heights. This.has been called Sporadic F. Successive sweeps show changes in virtual 
height from very highih the F region to virtual heights of E layer. Analysis suggest 
that such traces are caused by oblique reflections from highly ionized sporadic 
clouds moving horizontally at high velocities. Thèse'velocities have been measured 
.at approximately 400'km per hour at 100 km virtual height. 

EWaloatiOil of F2 Spreadines,s 

The'F2 SPREADINESS is a measure of the spread of the F2 region:11'f sweep line. 
The scale is rather arbitrary and is normally to the fo - and fx . branches. Where fo 

and fz'is seen, spreadiness will be evaluated from these MO components. Where all 
three . branches.are seen, the spreadiness will be estimated'from the fo and fx, fo 

and fz.and the highest figure of the MO tabulated. The:F1 trace should not be con-
sidered in this evaluation. 

Number 	SCALE.OF F2 SPREADINESS 

Description (see corresponding figures). 

4.2.1. 	'No Spreadiness, branches clear and thin. 

4;2.2. 	Slightlyspread but branches remaining clear. 

'Separate branches very spread but no overlapping. 

4 2.4. 	'Branches very spread and overlapping.but critical frequencies of 

respective branches.quite discernable. 

4.2.5. 	Badly spread with branches not separable leaving,a solid trace with 
. well defined edges and not extending over afrequency range of 2 Mc/s. 

4 206. 	Spread same as No. 5 but extending over.a frequency range of more 
than 2 Mc/s .. 

Wide spread With traces inseparable and only 'one edge clear. 	• 

4.2.8. 	Large-mass of spread with no definite formhor. shape. 

' The'F2'spreadiness figure to be recorded as the hourlyvalue, is the median of 

four estimated values, i.e. hourly values and the three preéeding 15 minute values. 

Example: 

• (a) (i) Values from . 0215 hour to 0300 hour are . 5,5,5,5, 
Hourlyvalue-  for 0300 hOur 

(ii) Values.from 0215'hour to . 0300 hour are 4;4,6,6, 
Hourly•vable . for 0300 hour is 5. 
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(h) If the  median value is a fraction, the whole number nearest to the hourly value 

is taken. 

(i) Values from 02151our to 0300 hour are 4,5,5,3, 

Median of the values is 41/2. 
Value for the 0300 lour is 3, 

Whôle'number nearest the hourly value is 4. 

Scaling the Fi  Critical Frequency and Minimum Virtual Height of F2 

The critical frequency of the Fi  region trace on a vertical-incidence record is 

the freqUencyatwhich an abrupt change in virtual height takes place on an h a f curve 

between the critical frequency of E layer andthe critical frequerur;yofthe F2 region. 

In the  summer this is well 'defined - but inwinter many different sweeps  are  encountered. 

4.3.1.. This type of trace is seen at all Canadian stations during summer•months 

near.local noon. This is the normal.type of trace in which no difficulty is exper-

ienced in scaling.either the Fi  critical or minimum virtual height of F2. 

• 

4.3.2. 	Ihe'critical frequency of the FI trace in this example is quite measurable 

due to its abruptness, but the slope of the F2 trace does not-reach zero at any 

point. In'this'case the virtual height of F2 is represented by 'Descriptive•symbor 

L. 

• 4.3.3. 	The'critical frequency of Fi trace in this example is not measurable'due to 

'the slow rise in slàpe but the slope of the F2 trace does become zero. In'this'case 

the critical . frequency of Fi  is represented by 'Descriptive symbol' L and the mini-

mum virtual height of F2 trace Measured at its lowest point, 

4.3.4. 	Here the slope•of the Fi trace is not great enough for the critical fre- 

,quency to be scaled and the slope of the F2 trace doesnot reach zero. Neither thé 

critical frequencyofF1 nor the minimum virtual height of the F2 trace can be scaled. 

Both are represented by 'Descriptive symbel' L. 

4.3.5. 	Sometimes the critical frequency of Fi  is. not measurable due to the slow 

rise in the slope..The rise of the multiple echo trace is steeper and when present 

it•may.be  possible to  use  it to determine the foF1. 

During.  the  hours that  Fi  trace is not visible when it is normally expected to 

be present, 'Descriptive symbol' Q should be• inserted in the tabulation to indicate 

its absence. Every heur that  Fi trace is visible or expected .  to be visible is indi-

.catedon the tabulation sheets either by a numerical value or a 'Descriptive symbol' 

4.4. Sealing the Normal E Critical Frequency 

Thenormal .  E critical frequency,  on a vertical-incidence record is that fre-

quency where retardation (upturn of the trace) show on an h'f curve in the - E layer, 

In'Seme'instances•nt northern Canadian stations, little or no retardation is seen, 

The'folloWing rules are to assist in scaling sweeps such as those illustrated, 

4.4.l. 'This'is the ideal type of trace in which retardation (turn up of the trace) 

.is seen both at the E layer critical frequency and the minimum frequency of the 

F region.The'inside edge of the upturn, is scaled as the critical frequency of E layer. 

'In;this•sweep neither the E layer trace orminimum frequency of the F region 

trace.  show any retardation. Ifthe separation in frequency between the end of the 

E trace and beginning of the F trace is not greater than 0.5 Mc/s., the E trace may 

be extrapolated to the mid-point of.these traces adding 'Descriptive symbol P to 

the - numerical value scalecL • 
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4.4.3. 	In this example the E layer trace shows no retardation. The minimum fre- 
quency of the F region trace is considerably retarded. If the separation between 
these traces is not greater than 0.5 Mc/s and no Sporadic E is present, the E trace 
may be drawn to join the end of the F trace, adding 'Descriptive symbol' P to the 
numerical value scaled. , 

	

4.4.4. 	The E layer critical trace may become spread or forked. Then, the same 
rules apply as in scaling the foF2. In case of spread, the inside edge of the Upturn 
is scaled . and in case of forks, the highest fork is scaled as the critical frequency. 

	

4.4.5. 	Frequently the E layer becomes stratified, with a sharp increase in elec- 
tron density appearing at some height within the layer. When this phenomenon exists, 
a second eritical frequency trace is seen on the Wf sweep at a greater virtual 
height. This second trace is referred to as E2. The E2 stratification may or may not 
have an extra-ordinary critiéal frequency showing, dependin g  upon the amount of ab-
sorption attle time. Where E2 is seen quite regularly, it is tabulated on a separate 
sheet. Note that E2 traces are not to be scaled for foE. 

4.4.6. All E traces mentioned above in this sub section are the types that normally 
occur during the daylight hours and are assumed to be formed by ultra-violet light 
from the sun. At some of the northern Cànadian stations, during the dark hours, when 
normal E traces have decreased below the equipment limit other traces are seen at 
the same virtual height. These may show considerable retardation in both ordinary 
and extra-ordinary branches, and must be due to ionization from other causes. These 
sweeps have been called 'Night E'. Night E appears to be a refracting medium 

. similar to the normal daylight type. Therefore, Night E is tabulated on the normal 
E tabulation sheets, but only when all of the following conditions are met:- 

(a) When definite retardation (upturn at criticals) is present. 

(b) When both ordinary and extra-ordinary branches are distinguishable. 

(c) When there is some continuity with hours before and after. 

4.5. The Critical Frequency of Sporadic E 

Sporadic E is thought to be due to reflection or refraction from patches of 
intense ionization existing at E region heights. The horizontalextentofsuchpatches 
is not yet known. 

At polar ionospheric stations it is mainly a night time phenomenon, but at the 
southern Canadian stations Es is seen during,the day as well. 

There is some difficulty in measuring the characteristics of the layers when 
normal E and Sporadic E echoes are both present. 

The following examples illustrate scaling procedure for Es records: 

4.5.1. 	Both normal E layer and Sporadic E are present. It may be impossible to 
scale the maximum frequency of Sporadic E and the minimum virtual height of normal 
E layer. 

4,5.2. 	In this case the frequency of Sporadic E is greater than that of normal 
E layer trace. Frequently there is not sufficient distinct E region trace tomeasure. 
Then the 'Descriptive sYmbol' A is used in tabulation. 
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This example is one of which normal E layer trace and Sporadic E trace are 
at the same virtual height. Here 111. is recorded as well as h'Es. As in the previous 
example it is often difficult to see the retardation effect at the foE. 

4.5.4. 	Sometimes the Sporadic E occurs at a height greater than that of E layer. 
TheE'layer in this case is not blanketed, consequently both virtual height and the 
critical frequency of E layer are measurable. Due to the retardation in the E layer 
trace near the critical frequency, .ffie'Es trace has a downsweep similar to that seen 
in the Fi trace at' the same:frequencies. 

4.5.5. 	This is Sporadic E of the bl.anketing type. Chly the higher frequency end of 
the F trace is visible. the . -frequency of Sporadic:E.is recorded as the  highest fre-
quency of the first echo. 'Descriptive symbol' is used on tabulation sheets to 
describe missing values from higher regions. 

fbEs - is the lowest frequency at which F region echoes are observed through in-
tense blanketing type Sporadic E. 

fmEs . is  the highest frequency of the first multiple reflection from Sporadic E. 

45.6. This is an example of multiple Sporadic E. Frequently two or mare multiples  
may be seen to quite high frequencies. The . highest frequency of the first.echo (fEs) 
being recorded, andhighest frequency of the first multiple of Sporadic E are recorded 
on separate monthly tabulation sheets as finEs. It should be noted that obliques from 
Sporadic E should not be recorded as multiples, that is, reflections which are not 
twice the virtual height of the first echo. It will be noticed that the frequency 
of the multiple - is somewhat lower than that of the first reflection. 

4.5.7. , Quite often, traces which are not at multiple heights of the first reflec-
tien are seen. In the past these traces have been recorded as Sporadic E2. Under 
certain conditions, reflections may be at frequencies less than the fEs but more 
often they . are'present at higher frequencies. Analysis does not show any preferred 
virtual height, and traces are considered to be due to oblique reflections. No tabu-
lations of such traces are made at present. 

Occasionally . Es traces appear to be patchy as shown in this example. The 
highest frequency of Sporadic E which appears as a continuous solid trace is scaled 
as.the frequency of Sporadic E (fEs), adding 'Descriptive symbol' Y to indicate that 
patches extend above this frequency. (a) If:only a few patches are seen above the 
minimum frequency of the equipment, the frequency of Sporadic E is not tabulated but 
replaced with 'Descriptive symbol' Y. (See figure 4.5.8. (b) ) 

NOTE 

It is important to differentiate between the day-time 
Sporadic E and the extraordinary trace of the normal 
E layer. When a trace in the daytime extends past the 
critical frequency E layer to about 1. Mc it is nearly 
always the extraordinary branch of the normal E layer 
trace. 

4.6. M and N bipe'Rtflnctions 

Occasionally conditions exist where a radio wave travels up to the F region, 
down to à Sporadic E cloud, up to the F region and back down to the ground. Thèse  
'are known as M' type  echoes, on h'f sweeps they appear as traces twice the virtual 
height of the F region minus the virtual height of Sporadic E. 

L. 
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Under certain conditions type 'N' echoes may be seen. Here, the radio wave is 
refracted fromaSporadic E cloud, reflectsat the earth and travelsupto the F region 
and return. This trace appears on the sweep at a virtual height of the F region 
plus the virtual height of the E layer. Figure 4.6, illustrates both types of 
reflection. 

Occasionally both types `M' and 	reflections appear at the same time. 
tabulation is made of these traces. 

4, 7 . • Mie ̀ Gyromagnetic Frequency 

4.7.1. Effect of the Ehrth's Mhgnetic Field 

'The electrons in the ionosphere are in a state of continuous agitation. Due to 
the presence of the earth's Magnetic field this agitation is not random and elec-
trons tend to revolve about the lines of force of the earth's, field. The'fréquency 
of revolution of the electrons depends upon the strength of the magnetic field in 
the ionospheric region. This frequency is called the gyrofrequency and is denoted by 

In the presence of the magnetic field a radio wave entering an ionized region 
is doubly refracted. The ordinary-wave is not greatly affected by the earth's field. 
The extra-ordinary-wave of aparticular frequencyisreturned from less ionized levels 
than the ordinary-wave. Consequentlyitscritical frequency will be greater than that 
of the ordinary-wave. The difference between the critical frequencies of the two is 
directly related to the intensity of the earth's field. It can be shown that it is 
approximately equal to half the value of the gyrofrequency for the ionized region. 

Near the earth's geomagnetic axis the lines of force are alinosuvertical, ver-
tical transmissions from an ionospheric station, then travel àleng the lines of 
force and itisfound that the ordinary-wave critical frequency, now called the long-
itudinal wave, is then the amount of the gyrofrequency belcw the extra-ordinary cri-
tical frequency. 

In polar regions all three components may be observed at one time'. Typical 
sweeps are illustrated in Figure 4.7.1. 

In'order to assist in identifying these three component waves a table is drawn 
up of critical frequency separationstobe expected at Canadian Ionospheric stations.' 

STATION 	foE - 3.0 Mc. 	foF2 - 3.0 Mc. 	foF2 	10.0 Mc. 

fx - fo 	fo - fz 	fx - fo 	fo - fz 	fx - fo 	fo - fz 
BAKER LAKE 	0.90 	0.79 	0.83 	0.65 	0.77 	0-72 

CHURCHILL 	0.93 	0.71 	0.84 	0.66 	0.78 	0.73 

FORT CHIMO 	0.88 	0.68 	0.80 	0.63 	0.74 	0.69 

OTTAWA 	0.88 	0.68 	0.81 	0.64 	0.75 	0,70 

WINNIPEG 	0.93 	0.71 	0.85 	0.66 	0.78 	0.73 

PRINCE RUPERT 	0.87 	0.67 	0.80 	0.63 	0.74 	0.69 

RESOLUTE BAY 	0.88 	0.68 	0.81 	0.64 	0.75 	0.70 

ST JOHN'S 	0.81 	0.64 	0.74 	'0.60 	0.69 	0.65 
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These . values of separation are theoretical and - are only applicable to ionos-
pherically undisturbed days. When using them for estimation of critical frequencies, 
the sweeps before and.afterwards should also be examined and used as a guide. 

Ii 'f  Records . Nenr the'Gyromagnetic Frequency 

When the transmission frequencyis near the gyrofrequency for an ionized region, 
resonance - effects are present and the ionospheric looks quite different: Fig. 4.7. 2 . 
shows the shapes of the sweep traces.as  the critical frequencies of the ionized 
region  drop  r to values less than the gyro-frequency. 

In the ionosphere there is considerable attenuation of radio waves near this 
frequency so that those traces are seldom seen on actual ionospheric records. When 
they are observed, particulars should be noted. 

• 

• 
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SEÇTION 5 

CONVERSION •OF  VERTICAL :- INCIDENCE "MEASUREMENTS TO 

'OBLIQUE .- ANGLE TRANSMISSION 

5 .i . General 

The'Vertica1 ,7.iricidenee measurements taken at ionospheric stations throughout 
the world:may be converted into useful information regarding transmissions atoblique 
.àagleS. In'this:section will be shown the relations existing between skip distances, 
maximum usable frequencies (MUF's), virtual heights of the ionospheric layers,.and 
.the'angles - of'incidence with the vertical of the transmitted.waves. 

5.2. Definitions 

- 5. -2.1.eeitiée . Frequency - fo 

Considera transmitter radiating in.all directions,frem a fixed point on the 
ground. For simplicity a single'ionized . layer is assumed to be present above the 
transmitter and onlY the ordinary wave is considered. The layer will have_associated 
with it a critical frequency, fo,'which is dependent upon the ionization density of 
the layer. Frequencies at vertical incidence will penetrate the layer whereas:fre-
quenCies less than the critical frequency transmitted at vertical incidence will . be  
refracted bythe layer. 

Critical . Angle 'of . Elevation, .a 

Referring to Figure 5.2.2., consider a transmitter radiating in aWdirections 
at a fixed . frequeney greater than the critical frequency of the ionized layer. The 
radiation at.900  to the horizontal  will  thus penetrate  thé layer but the radiation 
at small angles.from the horizontal may be refracted downwards by the layer. The 
'Critical . angle of elevation, a, is defined as being the maximum angle of elevation 
frem . the horizontal at which transmitted waves are refracted by the layer. Radiation 
atangles of . elevation greater than . a penetrate the layer and the  radiation at the 
angleof, elevation a.and at angles of elevation smaller . .than a are refracted by the 
layer. , 

5.2.3. 'Skip Distance, d 

The radiation frœrthe . transmitter at the.critical angle:cd'élevation, ai is 
returned to  the  ground at a distance, d, from the transmitter. ThisAïstance,A, -..,.is 
defined as . the skip distance fer . the fixed frequency considered. Radiationfrom the 
transmitter at angles of elevation - smaller than a will reach the ground at distances 
greater than d. 



SAME ION _DE11511y_ WIJh _IN_CREASED. HEIGHT 

\ ION DENSITY AT HEIGHT OF REFRACTION 

" 

d -el 

Fig. 5-2-2 

HEIGHT OF REFRACTIQN 

(Lower Frequency) 	I / /V 1- 	Higher Frequency) 
(bi- 

d - 
Fig. 5-3 

HEIGHT OF REFRACTION 

• 



Xmtr revr 

/l ee ION DENSITY AT H.LIIHT___  
,7"--iel‘•\  OF REFRACTION 

n 

n 
n 

Marl. IMMIMM. 

• 

Fig.  54(b)  

ME_Kleft. DENSITY_ andricamem_H.E.lee 
\ 40N DENSITY AT HEIGHT OF REFRACTIQN 

• 

• 
• 

a 
tit//////////////f/liff//////////////////i 

xmtr 	 rut° 

Fig. 5 4(a)  



.5.3. SelationletweenTritiCal Frequency, Critical Angle.. 
•of Elevation and SkipBistance 

• 
The Skip distance can le. cal culated from the relation  

d 

(-2•  
Tangent çb 

ti..ansmitted frequency  
where  secantT critical frequency 

and h' = virtual height of refraction 
at the mid.-point of the path. 

• lb is, infact the :complement of the critical 
angle Of' elevation and ià measured from the 
vertical at the point the wave enters the 
ionosphere. 

The  critiCal frequency, is determined by vertical incidence measurements at the 
mid-point of the path--  

From the above  relations the following effects can be determined by changes in 

the critical frequency and the  virtual leight of refraction Of the mid-point  of thé 
path: 

(a) 'if h' remains constant and foincreases then secant 00) decreases, shortening 
the skip distance, d. 	" • 

(b) if fo remains constant and 111  increases then secant 0 remains constant and 
the skip distance, d, is increased. 

(c) if fo and h' both remain constant and the frequency of the transmitter is 
increased then secant çb increases and the skip distance increases.This 

. is illustrated in figure 5.3. 

. 5. 4. Maximum:Usable 'Frequency M: 
• 

'The highest frequency, that may be transmitted between two points by Fmearls rdf 
refraction frolW  an'  ionized region is defined as the Maximum Usable Fréquency, -MUF, 
for' this distance. Over  the  given distance the MUF for a radio sky-wave transmission 
will depend uPon the -  following: 	• • • 

(1) . The direction of propagation into the ionized refracting region. The 
directioncis dependent upon the height of the region and the distance between 
thetransMitter and receiver. 

(2) The 'maximum ionization density of the region in which the refraction takes 
place This . àpantity may be represented in terms of critical frequency of the 
ordinary ray measured at vertical-incidence at the point of refraction. 

For the fixed distance the maximum usable frequency is given by MUF= (secant 0) 
›Ç fo. 

Consider now a receiver placed on the ground at a fixed distance from the trans-

mitter. Assume that the transmitter radiates in all directions' at alrequencrislietly 
greater than fo and assume that fo' and h' Of the layer at the mid-point of the trans-

mission path are such that the skip distance is exactly'èqual to the distance 

separating the receiver from the transmitter. Thus the radiation from the transmitter 



at angles of elevation greater than the critical angle:will penetrate the layer 
whereas radiation . at the critical.angle of elevation.will be refracted downward 
and will.arrive at.the receiver, Radiation at angles . of elevation.less than the 
critical angle will be refracted downward and will:reach the ground at distances 
beyond the receiver. From the discussion of the changes affectingthe 'skip distance, 
the following conclusions can be drawn regarding reception at the receiver: 

• 
(a) .if fo remains constant and - W : increases the skip distance, d, is increased 
and the sky-wave will notle received at.the receiver. This . effèct . is  shown in 
figure 5.4. (a), In:order to Continue communication betweert theAransmitter...and 
the receiver it is necessary to lower the frequency of the transmitter thus 
decreasing q5 and decreasing the skip distance. 

(b) if h' remains constant and fo decreases the critical angle of elevation 
(C ) will decrease.and ,the skip distance will:increase. Radiation . from the 
transmitter at the former critical angle of elevation now penetrate the layer. 

- 	In:order to decrease the skip distance it is necessary to decrease the trans- 
mitter frequency, This:is illustrated in 5.4 (b). 

5.5. Transmission Curves 

-To'àid in the calculation of MUF's a series of curves are drawn which may . be  
applied directly to the 	sweeps. The . following procedures are to be used: 

(a) If the frequency scale of the h i f curve is linear, use is made of sets of 
MUF curves similar to those of figures 5.5 (a) and 5.5 (b). Families of MUF 
curves are drawn on transparent paper for each distance. To:obtain an MUF for a 
given distance it is necessary to select the family of curves for the given 
distance and place the transparency Over the 11'f record in such a manner that 
both the frequency scales , and the height scales coincide, The:curve which is 
tangent to the:Il l f curve represents the MUF  for the  given distance. 

• 
(h) if the frequency scale of the 1-1!".f curve is logarithmic it is necessary to 
use a transmission slide as shown in figures 5.5. (c). The slide is constructed 

• with virtual height represented on a linear scale andsthe M-factor = secant 0 
represented on a logarithmic.scale. The'transmission slide is placed over the 
h'f curve so that the height scales coincide. The . transmission slide is moved 
horizontally until the h'f curve is tangent to the distance curve of the slide, 

The M-factor is then read from the slider as the secant q5 corresponding to 
. 	the critical frequency of the ordinary-wave branch. The'WELF. may be read from 

the hif curve frequency scale at the point where secant 0 is equal.to  1.0. 

In'the foregoing discussion, for simplicity of illustration, the earth and the 
ionosphere have been considered as being flat..To:obtain accurate nmeasurements the 
curvature of both the ionosphere and the earth must be considered. The'diagrams 
5.5. (a), 5.5 (b) and 5.5. (c) have therefore been constructed taking this into 
account, 

• 
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SECTION 

ATTENUATION MEASUREMENTS 

6.1. 'Theory 
• 

Radio  waves passing ihto the ionosphere are all attenuated to a degree beyond 
the normal inverse distance effect. • There are two principal absorbing effects in the 
ionosphere which cause this attenuation. One takes'place while the radio. wave is 
being refracted in the ionized region. It is called deviative absorption and .is 
greatest . at  frequencies near the Critical.frequency of the region. The other takes 
place while the uradio  wave is passing through a lower ionized region. This latter 
is called non-deviative.absorption. 

At ionospheric stations an attempt is made to measure only the non-deviative 
absorption so that measurements near critical frequencies are not used. It is 
assumed that there is negligeable deviative absorption at frequencies away from the 
critical frequency of any region through which the radio wave passes. 

The - amplitude el  of a signal returned from an ionospheric regiàn, assuming no 
attenuation on refraction, is: 

A , el =-7 
2hk 

The amplitude 

e2 =321L 

Where A is a factor depending upon the transmitter, receiver 
antenna characteristics. 

k is the non-deviative absorption factor. 

h is the height of the refracting region above ground. 

of the 1st multiple echo e2  from the ionospheric region is: 

Whére'pg is the reflection coefficient at the ground. 

and 

Then let m = 

Here Icg is assumed to be unity. 

A_ 
 2ho 
where ho  is arbitrarily set at 100 Km. 

= mho  1 el  e2 	• 
h 'lc 	2h k 

Measurements are normally 'ffiedecdireCtlyin,decibels .above ..À)neCmiérOvolt input 

to the receiver. The equation may then be written uiing equivalent uppercase letters: • 



1 
f2 

Virt. height C 

	

300 - 330 	10 

	

340 - 370 	11 

	

380 - 420 	12 

	

430 - 470 	13 

	

480 - 530 	14 

= M C K, where C = 20 log .L(7  

= M C - 2K - 6, wheTe6= 20 low,. 2 

then •K = El  - 	- 6 = M El C 

M = El C K 

"These are the basic equations used in calculation of absorption, 

It'is found that for normal non-deviative absorption K is proportional to 

or DG — K12  

. where D is a measure of absorption, independent of frequency, G is a factor depending 
upon the relation between the wave frequency and the gyrofrequency. 

• Values of D are given in table 6.2.2. 

6.2. Observations 

Attenuation ismeasured on some, orall, of the following frequencies: 2.0 Mc/s., 
2.6 Mc/s., 3.2 Mc/s., 3.8 Mc/s., 44'Mc/s., 5.2 Mc/S. Measurements are -taken ..on 
ordinary ray echoes for E layer and Sporadic E, andF1 and F2 regions.as  well, unless 
these frequencies are within 0.5 Mc/s. of any ordinary ray critical frequency. This 
rule is to be used with certain discretioh, the attenuation 'being measured on the 
flat portion of the h e f curve. This will eliminate measurements including deviatiiie 
absorption in the ionosphere due to the slowing down of the wave near the critical 
frequency. 

The absorption is to be tabulated for each of the three regiohs: E Layer, 
Sporadic E and F region. 

Fifteen snap readings of amplitude of both first echo and.multiple are made. 
Beadings should be made at equal intervals (5 to 10 seconds). 

The'virtual height of the first echo is recorded for each frequency, in order 
that the height correction (C) may be applied. (Table  6.2. (a) ). 

The median value for each 15 readings is calculated, and a correction is made 
from the receiver calibration chart. The'K value for the first echo is calculated 
using the previously calculated monthly median M value, AlSo, the M value is cal-
culated for use in the next month's tabulations from observations in which both 
first echo and multiple are seen. From the K value for each frequency is  found rthe 
corresponding D figure in Table 6.2 (b). 

An hourly Average D figure is tabulated for each ionospheric region (E layer, 
Sporadic E, F region). 

Table 6.2. (a) Correction for Virtual Heights 

Virt. height C. 

	

90 - 100 	0 
• 110 	1 

	

120'- 130 	'2 

	

140 	' "3 

	

150 - 160 	4  

Virt. height C 

	

170 - 180 	'5 

	

190-210 	6 

	

220 - 230 	7 

	

240- 260 	8 

	

270- 290 	9 



Table 6.2. (b) 

D FIGURES FOR 'VALUES OF 'K 

2.0 Mc/s. 	26 Mc/s. 	3.2 Mc/s». 	3.8 Mc/s. . 	4.4 .Mc/s. 	5.2 Mets. • 

K , D • 	K 	D 	K 	D 	K 	D 	K 	D 	K 	*D 

1 	11 	1 	16 	• 	1 	'21 	1 	. 27 	1 	34 	, 1 	44 	- 

2 	23 	• 	2 	31. 	' 	2 	42 	. 2 	55 	2 	68 	2 	.88: 
3 	34 	'3 	47 - 	3 -  • 	64 	3 	82 -. 	. 	-3 ' 102 	3 , • 132- 

4 ' 	45 	4 	63 	'4 	'85 . 	.4 	110 	4 	136 	.4 .. 175 . 

5 ' 	57 	5 	79. 	- 	5 	106 • 	5 	137 	5 	.170 	5 	219 - 

,6 , -68 	6 	94. 	6 	127 	6 	165 	' 	6 	204 	- 6 	263 

7 	80 	• 	7 	110 	7 	149 	7 	192 	7 	238. 	7 	
307 

8 • 	91' 	• 	8 	. 126 	8 	170 	.8 	220 	'8 	272 • 	8 	
350 • 

9 • - 	102 	9 	142 	9' 	191 	9' 	'247 	9" 	'306 	9 . 	395 

10 	. 114 	10 	157 	10 '212' 	10 	275 - 	10 	340 	10 	439 

11 	' 125 	11 	175 	11 	234 	'11 ..302 	11 	374 	. 	11. 	482 

12 	. 136 . 	12 	189 . 	• .12 	'255= 	. 12 	330 -. 	12 	. 408 	- 	12 • ,. 526 
13 	148 	• 	13 	205 • 	- 13 - 276 	13 '357 	13 	442 	13 	570 

14 	159 	14 220 	14 297. • 	14 385 	14 476 	14 614 

15 	170 	15 .236 	15 	318 	15 	412 	15 	510 	15 	657 . 

16 	182 	„ 16 	252 	16 	,340 	16' 	439 	16 -544. 	16 	702 . 

17 • 194 	• 17 • 268 	17 	361 	17 .  467 	' 	17 	578 	17 	746 

.18 	- 205 	18. 283 	18 	382 	18 	495 	18 ' 612 	18 	789- - 

19 	216, 	19 	299 	19 	403 	19 	522 	19 	646 • 	19 	833 

20 	- 227.- 	. 	20 	315 	' '20 . 424 	-20 	549' ' 	20 	680 	20 	
877 

21 	239 . 	• 21 	331 	21 	446 	• 	21 	577 	' 21 ,. 714 	' 21 	
921 - 

22 	250 	22 	346 	22 	467 	22 	604 	22 -748 	
. 22 	965 

23 	. 261 • 	23 ' 362 	' 	23 	488 	'23 	632 	' 23 -782 	
23 	1009 

24 	273 . - 	24 	378 	24 	510 	• .24 	659 	- 24' 816 	
24 	1052. 

25 	g84 	' 25 	394 	25 	531 	25 	687 	25: 850 
	. 	25 	1096 

26 	- 295 	- 26 	409 	26 - . 552 	- 26 	714 	26 • 884 	26 	1140 

27 	307 • 	27 	425 	27. 	573 	• 	27 	742 	27 	918 	27 	1182 

28 	318 	. 28, .440 	28 	594 	28 	769 	28 	
952 	28 	1228 

. 29 	330 	- 	29 	457 « .. 29 1616 	29 	797 	29. 	986 	29. 	1271 

30 	.341 	- 	30 	472 	30 	637 	• 	'30 	824 	
. 30. 	1020 	.30 	1324- 

.31 . . 352 	31 	488 	31 	658 	31 	852 	31 	
1054 	31 	1360 

32 	364 	32 	504 	32 	679 	..- 32 	879 	32 	
1088' • 32 	1404 

33 	375 	33 	520 	33 	701 	.33 .  907 	33 	1122 . 	.33 .1447 

.34 	.386 	34 	535 	34 	722 	- 34 	934 	3 4 	1156 	34 	1491 

'35 	398 	35 	551 	35 	743 	35 	962. 	35 	1190 
	.35 	1535 

36. 	409 • 	36 	567 	. 36 	764 	36 	989' • 	36 	
1224 	36 	1579 

37 	420 	- 37, 	583- 	37 	786 	- 37 	1016 	.3 7 . 1259 	37 	
1623 

.38 	432 	• •38 - 598 	' 	38 	807 	. 38 	1044 	'38 '' 1293 	38 	1667 ' 

39‘. 443 	39 	614 	39: .828 	39 	1071- 	
39 	1327 	39 	1711 

40 	455 	. 40 	630 	40. 849' 	' 40 	1099 	40 •1361 	
40 	1754 

.411 	466 	41 	646 . 	'41. 	870 	41 .1126 	' 	41 	1395 	
41 	1798 

42 	477 	42- 661 	: ' '42.. 892 	42 	1154 	
42 	1429 	42 	1842 

43 	489 	43 • -677 	43 	913 	• 43 	1181 	
43 	1463 	43 	1886 

-. 44 	500 	44 693 	44 934 	44 	1209 	
44 	1497 	44 	1930 

45 	511 	45 	709 	45 	955 	'45 	1236 	
. 45 - 1531 	45 . 1974 

• 46 	523 	46 	724 • 	46 	977- 	46 	1264' 	46 	1565 	46 	2018 

.47 . 534 	47 -  740 	47 	998 	47 	1291 	47 	1599 '' 	47 	
2061 

48 	545 	48 	756 	48 	1019 	48 	1319 	
.• 48 	1633 	48 	2105 

49. - 557 	49 	772 	49 	1040' 	49 .1346. 	
49 	1667 	49 	2149 

50 	568 	50. 787 	50' 	1062 	50 	137 4 ' 	50 	1721 	50 	2193 

51 	580' 	51 '803 	51 	. 1083 	51 	1401 
	51 	1735 	51 . 2237.  

52 	591 	52 	819' 	52 	1104 	52 	1429 
	52 1796 	52 	2281 

'53 • 	602 	53 	835 	53 	1125 	• 53 	1456 	
53 	1803. 	53 	2325 

54. 	614 	54 	850 	54 	1146 	54 	
1484 . 	54 	1837 	. 54 	2368 

55 	625 	55 	866 	'55 	1168 	55 	
1511' 	55 	1871 	55 	2412 

56 	636 	56 	882 	>56 . 1189 	-' 56 	
1538 - 	56 	1905 	56 • 2456 

57 	648 	57 	898 	. 57 	1210 	57 	1566 	57 	
1939 	57 	2500 

58 	659 	58 	913 	58 	1231 	58 	1593' . 
	58 	1973 	58 	2544 

59 	670' 	' 59 	929 - 	59, 1253 	. 59 	1621 - 	59 2007 	
59 	2588 

. 60 	682 	60 	945 	60 	1274 	60 	
1648 	60 	2041 	60 	2632 



6.3. .Chlibi.ation of Eiluipment 

A manual vertical incidence equipment is used for attenuation measurements as 
it can easily be set on fixed .  frequencies while measurements are being made. A 
receiver is used. in which the gain control may be calibrated directly in decibels. 
To'minimize changes of calibration with frequency it is most practical to control 
the IF-gain using a special type attenuator graduated directly'in'decibéls. Ch the 
cathode ray tube of the ionospheric.equipment are placed two reference lines. With 
the attenuator setatz,ero gain, a line is drawn along the bottom of  .the sweep trace. 
The other line is drawn parallel to it>about half wave between zero and maximum 
receiver gain. The exact position of this second line is. not important. A standard 
signal generator is used for calibration of the receiver gain. This generator must 
be one of the precision types in which the output mayipe.adjusted by means of a 
variable . attenuator with fixed multipliers. There should'also be some means' of 
keeping the carrier-set constant throughout the'frequency range. Calibrations are 

. made by applying a given signal and varying the receiver. attenuator until the signal 
amplitude reaches. the  half-way reference line on the cathode ray tube. 

To'calibrate, remove the antenna from the receiver and .connect the signal 
generator output to the antenna and ground posts. Set the signal generator at the 
lowest specified fixed frequency on which measurements are to be taken and tune the 
receiver to frequency for - maximum response. Urn the receiver RF-gain to.maximum. 
Set the signal generator attenuator to 1.0 microvolts and multiplier at the various 
settings of 1, 10, 100, 1000 corresponding to 0, 20, - 40.ànd 60 décibels'above 1 
microvolt. Vary the receiver attenuator to bring the signal up.to  the hal,f-waY . ref-
erénce level for-each of the multiplier settings. Set the signal generator attenuator 
to 3.16 microvolts and multiplier at 1, 10, 100  and 1000 corresponding to 10, 30, 50, 
70'decibels above 1 microvolts, and repeat. Plot a graph of the.decibel reading of 
the signal generator against the decibel reading of the receiver attenuator. Cali-
brations  are  made on each frequency to be used.  for  measurement. The plots .are used 
for correcting the receiver attenuator readings. These calibrations should be,made 
once every daysothat . ifanyequipment trouble exists, it will be noticed immediately 
without much loss of records, 

To make attenuation measurements, reconnect the antenna to the receiver and 
obtain an echo at one of the calibrated frequencies. AdjUst the receiver attenuator 
until the peak of the echo reaches the half-way reference level. The attenuator 
setting in decibels now corresponds to the signal amplitude of the echo above one 
microvolt. 



SECTION  7 

SIGNAL. 	:MEASUREMENTS OF DISTANT 

RADIO TRANSMITTERS 

7.1. Aural Monitoring 
› 

Monitoring wWv . frequencies of 2.5, 5-A, 1OO, 15,:.0; 20.0, 25.0 and 30.0 mega-
cycles, as well - as 35..0 Mc/s where a suitable receiver is available, is carried out 
every hour of each day, This- is-done preferably just before.the automatic recorder 
takeS its sweep. WWVH (Hawaii) is monitored on 5„0,. IM,.15.0 megacycles each hour. 

The station is tuned in and monitored for at least 30 seconds, and an estimate 
of the average signal strength recorded. Thescalà used is from '0' to '9'; '0' 
being 'not'heard', '9' extremely strong. Ifthe receiver is equipped.with an 'S' 
meter, it should be used .  

Ille'strength of the first four frequencies of WWv'are - recorded on one monthly 
sheet and the  others are recorded on another. WWVH is tabulated on,a separate monthly 

. sheet. 

• At some stations the Caàadian Time signal, :station  CHU,  is also monitored. 

1.1.1.. 11/WV rWWVU Schedules as . of Jan. 12, 1950 
'(From National  Bureau of Standards letter Circular LC974) 

, "(a) Standard radio frequencies of1,5, 50, 10.0, 150, 20.0, 2500, 30.0:end 
megacycles, 

(b) Time announcements at 5 minute.intervals by voice and . International Morse 
Code.  • 

(c) Standard-Time-intervals of 1 second, and 14 and 5 minutes. • 

(d) Standard audio frequencies of 440 cycles:(the•standard musical pitch 'A; 
above middle 'C') and 600 cycles, 

(e) Radio  propagation disturbance-warnings by International Morse Code consis-
ting of the letters W, U, or N.indicating warning, unstable conditions or 
normal . respectively. 

. 	The'audio frequencies are interruptéd.at precisely one minute before the hour 
and resumedlirecisely on the hour and each five minutes.thereafter. Code announce-
ments are in GCT (same as GMT) using the 24 hour system beginning with -0000 at mid-
night; voice announcements are in esi% The . audio frequencies are transmitted  alter-
natelyThe 600 cycle . tone starts precisely on,theSour and every 10 minutes there-
'after,:continuing ,for 4 minutes. Each carrier.frequency is modulated by a seconds 
pulse which is heard as a faint . click; the pulse at the beginning-of the last second 
of each minute is omitteil 

' 	Station WW'vfi'broadcasts on an experimental basis on 5, 10, and 15'Mc/s, .The 
. program of broadcastS on the three frequencies, is essentially the same as that of 
WWV..:Time;announcements in GCT(GMT) are given from WWVH every five minutes by 
International Morse, Code  only  



7„L;2,, CHU. 

CHU Ottawa  Ontario, broadcasts continuously on standard frequency of 3330, -1335, 
14670 kilocycles, modulated with an audio,tone of 1000 cycles persecond, the carrier 
being interrupted once every second. This signal is broadcast according to the 
5-minute period coding_ The identification ofeach minute of a 5-minute group is det-
ermined by the omission ofsetondsheats. During the first minute there is an omission 
of the 29th second, 51st second and the 56 to 59th seconds. In'the second minute the 
omissions-are the same except that instead of the 51st second, the 52nd second is 
omitted. A similar sequence applies to the third and fourth minute. During the fifth 
minute, the 29th second is omitted as well as the Slét'to 59th seconds. 

Example: When the 51Susecond is omitted and 4 more seconds beats are sent, it 
indicates that there will be 4 more minutes  to a 5-minute interval. 

During the firstAninute of each hour, the call sign.  C H U is sent àlowly in 
morse code twice. The'sécond -and successive minutes of the hour correspond to the 
second and successive minutes of a 5-minute period group. 

If'one's time-piece is not in error more than 4 minutes, it is possible.to  
adjust the time piece to within 1/1000th of a second. In . case the error is greater, 
it may be necessary to wait for the hour identification. 

7.2 Signal Strength Recorder 

Continuous signal strength measurements are made on a recording milliampere 
meter in conjunction with a receiver tuned to some standard signal such as WWV or 
CHU. By means of a signal generator the meter is calibrated in decibels or micro-
volts, corresponding to the amplitudes of the signal input of the receiver. Ch the 
continuous chart, a record is made of the signal strength of the station to which 
the receiver is tuned, indicating increases or decreases in the strength of the 
received signal. 

ale of the most important phenomena observed is the Sudden Ionospheric Distur-
bance (SID), , This'is identified by asudden.decrease in signal strength followed by 
a slower recovery, the whole phenomena lasting from a few minutes to not longer than 
about an hour. SID's occur only on the sunlit.half of the hemisphere, and are due to 
sudden eruptions on the sun  When these eruptions occur, great quantities of ultra-
violet light are omitted causing sudden.and extreme absorption in the D region of the 
ionosphere. .The'àmplitude of the disturbance is greatest when the sun is directly 
overhead and decreases with decrease in the solar elevation. 

In'order to be sure that a decrease on a signal strength recording is.an  SID 
and not just random fading or-a . change in reflection from one layer to another, con-
tinuous signal strength measurements are made on more than . one frequency. The'SID 
will'show uponmore than one frequency, the drop in signal strength occurring at the 
same instant on both recorders. 

In'Fig. 7.2  is shown a good example of an intense SID'occurring at both  Ottawa 
and Churchill. The'SID shown begins atthe same time at both stations and lasting for 
a longer period of time on the lower frequencies-  The  displacement of the SID's on 
the charts is due to the change in time from EST to CST. 

• 
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Fig. 7.2. Showing sudden ionospheric disturbance (SID). 
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SECTION 8 

AURORAL OBSERVATIONS 

8.1. The world map at the beginning of this manual, Fig. 1.1., shows the approximate 
position of the zone of maximum occurrence of auroral light. It crosses the central 
part of Canada. During ionospherically disturbed periods it extends southwards from 
its normal position. Aurora is seen frequently at most Canadian Ionospheric stations 
and a simple observing routine has been set up. This will give useful information on 
the movement and extent of the auroral light. 

8.2. Coding of Auroral Observations 

8.2.1. Presence  of  Aurora 	- 

Auroral observations are made on the hour throughout the hours of darkness. 

When no aurora is observed and the observing conditions are favourable, the 
condition is tabulated as O. 

When no aurora is observed due to cloudiness, strong moonlight, or no observa-
tion.taken at that hour, the condition is tabulated as X. 

No tabulations are made during daylight, but dusk and dawn are tabulated as D. 

• Position of Ailrora in the-Sky 

For the purpose of actual auroral observations, the sky is divided into three 
sections from north to south, and three frOm west to east as shown in Figure :  822  

Either a figure or a letter may be used to represent different sections of the 
sky. 

1. 1\1,, North (45 degrees or lower) 

2. Z. Zenith (above 45 degrees) 

3. S. South (45 degrees south or lower) 

4. 'E. East (45 degrees east or lower) 

5. W. West (45 degrees west or lower) 

If only a single 'Curtain' or 'Arc' is seen the position should be estimated at 
the base of the curtain and at.the lower edge of the highest point in the arc. How-
ever, when several types of displays, both quiet and active, are present, simply 
estimate the extent of aurora and tabulate the section or.sections of the sky in 
which aurora is seen. It should be remembered that even if only a small portion of 

the aurora is seen in one or more sections of the sky, the aurora should be reported 
as seen in these sections. 

In•tabulating position of.aurora on Daily or Monthly Tabulation Sheets, use 
letters N,Z,S,E,W as described above. If.aurora is seen in the north section of the 



sky, use letter N. If aurora is seen in the north as well as Zenith, NZ, or if 
aurora is seen in all portions of the sky, NZS. If seen only in the west, use W or 
if seen in the east as well as Zenith use EZ etc. 

In the NOON SIGNAL described in section 11 use the figures corresponding to the 
letter occurring most frequently (Mode Value) during the night. For example: if the 
following positions have occurred N, NZ, XS, NZ the letter that has appeared most 
often is N and the number 1 is reported. 

8.2.3. Intensity of the Aurora 

The maximum intensity of the auroral light is estimated on a scale of 1 to 3. 

1. Faint aurora 

2. Moderate aurora 

3. Brilliant aurora 

The letters for position and figure for intensity will be combined into one 
group for tabulation purposes. 

Example: If aurora is seen in NZS sections with intensity of 2, the tabulation 
will be NZS2 etc. 

8.3. Observing Instructions 

Each station should have a special auroral observation point at some convenient 
distance from the station building where no man-made lights will interfere with the 
observations. At this point, there should also be available a simple piece of equip-
ment for measuring angles above the horizon. This equipment may consist of avertical 
post or rod in the ground with a pointer fixed at a 45 degree angle above the hori-
zontal and rotatable through 360 degrees. 

Whenever possible, the observer should spend at least five minutes outside the 
station at the observing point before attempting to estimate position, extent and 
intensity. The'purpose of this is to give the observer's eyes time to adjust for the 
vast change in light intensity. 
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SECTION 9 

STATISTICS 

9.1. Due to the large variations of the ionosphere from hour to hour and from day to 
day, the measurements made at ionospheric stations must be tabulated so that they 
may be analysed statistically. The following paragraphs explain'some of the methods 
employed and the terms  used  

Successive measurements of any element may vary because the measuring apparatus 
is too accurate or because there are a number of external causes of variation in the 
element. The latter cause is the main source of trouble in ionospheric measurements. 

In'order to study the general variations of the ionosphere, we must study 
representative values of the individual measurements, 

9.2. &presentative Values 

Àrithmetical lean (also.-known as the average) . 

This'is:the sum of all the individual  values,  divided by the total number .  of 

This the most common method of describing average conditions. It has the ad-

vantage of being simple to caleulate and can represent any nimber of values. Lucan 
be worked.out for part of the data and the result'can be easily adjusted when the 

remainder of the data is obtained. It'has the disadvantage that a single value which 
is a long way from the majority, will affect-the mean greatly - and give.a Poor repre-
sentative value, 

Médian Value 

i -tand half the The median value is the middle value. Half  the values lie below 

values lie above'it. 

This'number . is 
the numbers in 
'This'value is 

It . is calculated by first counting the total number of values. 
known as the median count. Starting at the lowest value, strike off 

order of increasing magnitude, until the middle number is reached . 

then the median value. 

If'there is an even number of values, the average of the two middle numbers is 

taken as the median. In'ionospheric tabulations the median is rounded-off to the 

neare-st even tenth. If the average of the two values is 7.05 the median value 

rounded-off becomes 7.0, As anadditional example 5.55 is rounded-off to 5.6 and 5.45 

would be 5.4. 

It can be seen from the above that the median may bedeterinined easily,.but must 

be recalculated.whenadditional values are available. It'is - not affected - by single 

values which.,are a long way-frem the majority..The'most useful feature of the. median 

in connection with ionospheric measurements is that it can be determined even when 

some of.the values are not measurable due to being outside.the limits of measurement 

of equipmenI. 
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Mode 	
. 

The . value which occurs most frequently.„ 

It:is the most typical value, and can be found by a quick inspection without 
any calculations. It'is notnseful'when values are spread out over a great range or 
when there are very few values. 

'This is a typical set of figures such 
as may occur in an ionospheric tabulation 
sheet. The'figures are listed at random, 
and then rearranged in descending-order of 
magnitude. In:many sets of figures which 
represent physical measurements, themedian, 
mode, and mean are the same value- , however, 
if the values are unevenly distributed the 
thi.ee.averages arenotnecessarily the same. 

Count 30 

Median 7.8 . 

Mode 7.7 

Mean 7.9 

9.3 Dispersion 

In . addition to finding a representative value, we must know how much the indi-
vidual values are spread around it. This is called the dispersion ofthe data. If 
the dispersion is small, then the corresponding representative value is fairly 
accurate. If -the dispersion is large, we must use the representative values with 
caution. 

At'present we do not work out values of dispersion for:ionospheric data. The 
'individual values are tabulated.as well as the median values and an estimation can 
be obtained-by visual.inspection of the Columns of data. 

9.4. 'Plating.Mlethods 

'Linear 	Unless there is special reason for using other types, plots are made on 
linear paper,  thatis,  the divisions are equally spaced, both vertically and horizon- 
tally .  There are of course, special papers made up with divisions numbered 0 to 24 
hi,,  31 days, 365 days, five years by months etc. All are used to illustrate 



ionospheric variations. 

Semi-Logarithmic 

Semi-logarithmic paper (logarithmic scale on one side and a linear scale along 
the other side) is used for plotting manual ionospheric sweeps. A transmission 
slider can be applied directly to the sweep, and MUF's marked out in slide rule 
fashion. 

Logarithmic 

This paper is similar to the above but has logarithmic scales both ways and can 
be used to illustrate measurements differing by large amounts, that is 10, 100 or 
more times,  •  

Polar 

This consists of a number of concentric circles and radial lines. It'is useful 
for plotting antenna patterns, D/F variations etc. 

Figure 9.4 illustrates, on a reduced scale, the examples of the four types of 
papers described. 



Fig.9.4 LINEAR 
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SECTION 10 

TABULATIONS 

10_1. 'Ionospheric Characteristics to be Tabulated 

The values of ionospheric characteristics scaled from the hourly records at all 
stations are as follows. 

foF2 	Critical frequency for the F2 region, ordinary-wave branch. 

foF1 	Critical frequency for the Fi  region, ordinary-wave branch. 

feE 	• Critical frequency for the E layer, ordinary-wave branch. 

:Œs 	Highest frequency on which a continuous Sporadic E trace at the 
E layer height is observed. 

fmEs 	*Highest frequency of the first multiple reflection of Sporadic E. 

fmin 	Minimum frequency of reflections seen from any region. 

h a F2 	Minimum virtual height of the F2 region. 

1.1 ° F1 	Minimum virtual height of the Fi  region. 

h ° E 	, Minimum - virtual height of the E layer. 

11 ° Es 	Minimum virtual height of the Sporadic E. 

(M 3000)F2 	Maximum usable . frequency factor for 'F2 region  fora distance of 
3000 Km. 

(M * 3000)F1 	Maximum. ilsable:frequency factor for Fi  region for a distance of 
3000 KM.• 

(M 1500)1E . 	'Maximum usable . frequency factor for E layer foradistance of 1500 Km. 

F2 
Spreadiness 	The amount of spread echo in the F2 region according to a scale from 

1 to 8. 

Aurera 	Position.and intensity of aurora during the dark.  hours. 

WWV 	qhe'estimated-signal strength oIWWV!on a scalefrom 1 to 9 on fre- 
quencies of 2.5, 5,0, 10., 15., 20,, 25,, and 30 Me/s. 

At some of the stations the following extra tabulationS.are made: 

hpF2,  • 	A virtual heightjn the F2 region measured on the ordinary-wave branch 
at . a'frequency equal to 0:.834 times the foF2. 

foE2 	Ordinary-wave critical Irequency of a second stratification in the 
E layer., 



WE2 	Minimum virtual height of'a second stratification in the E layer. 

fx and fz'in 
all regions 	Critical frequencies of both extra-ordinary branch and longitudinal 

branch in all three regions of the ionosphere. 

WWV0 	'The estimated signal strength of WWVH on a scale from 1 to 9 on fre- 
. quencies of 5.0, 10.0, .and 15.0 Mc/s.. 

Thaily:Tahniation Sheets 

Daily tabulation sheets should be filled in immediately after processing the 
film from the automatic recorder or in the case of a manual observation immediately 
after the sweep. 

The'valués.of foF2, foE, - fEs, h 2 F2, 	h'Es as  well  as f-min, F2 Spreadiness 
and WWV'*ill be filled in.for every hour of the day. Thè'values of foF1 and h - F1 
shall be filled in when  Fi  region is normally expected to be . present. Descriptive 
symbols shall beuséd accordingly where numerical values are  missing.Under'M factor 
columns, no descriptive symbols are entered. Where 'M' factors are not obtained, 

. spaces:are-left:blank, TiMe'and frequehcy of fmEs are to be entered in the column 
provided. Pechliar phenomena or particulars of stratification are to be entérecrin 
the remarks column. Aurora iS to be entered during the dark hours as-given in 
section 8, 'Auroral Observations', Sample daily sheet is shown in figure 10:2: 

10,3. Attenuation Tabulation 

A suitable'form for attenuation measurements is shown in figure 10.3. One sheet 
is required, for each set of observations. The number of frequencies to be.measured 
may be reduced at some stations and one sheet may do for more than one hour's obser-
vation's, 

10.4. Aonthly'Tabulation Sheets 

A separate monthly tabulàtion.sheet (Fig. -10.4) is compiled for each of the 
items shown in section 10,1. The'values of items are transferred directly from the 

'Daily Tabulation Sheets', A characteristic is tabulated .fer each hour of the month 
and a median value (except for WWV)‘calculated for each hour in which five or more 
oWservations are available. The'median and - the number of values used to obtain the 
medianAmedian count) are tabulated. 

If'half the values are in parentheses or interpolated, the median value is 
enclosed in parentheses, 

fo.F2 Sheet 

Every hour of each day is filled with a numerical value. Where numerical values 
are missing, spaces will be completed with descriptive symbols according to their 
definition, 

Where only five to nine values for any hour are available, the median is con-
sidered doubtful and is enclesed in parentheses. 

Only three descriptive symbols are used in cmputing median values. Symbol 'D' 

is counted as being:higher than the median, 'while- symbolS and 'G' are  usually 

'counted as being lower than the median. 
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Symbol 'EV should not be used unless both  Fi and E are absorbed. 

foF1 Sheet 

Every hour of each day where  Fi -  is expected to be present, a numerical value or 
descriptive symbol is recorded. Hours at which  Fi  should be present but is not seen 
are fil  led  with symbol 'Q'. 

Symbol 'EV should not.be  used unless E layer is absorbed. 

fOE Sheet 

Every hour of each day that E layer is present, either a numerical value or 
descriptive symbol is recorded. 

The'critical frequency of Night E is also entered on this sheet. At stations 
where Night E is • observed the majority of time, all blank spaces should be filled 
approximately with descriptive symbols. 

Descriptive symbol T denotes that the critical frequency has decreased to a 
value below that of-the recorder limit—This symbol is used extensively in the early 
morning and evening hours and is counted as being below the median value. 

fEs Sheet 

All'hourly sweeps in which Es are seen are recorded. All blank spaces are filled 
with descriptive symbols according to definitions as follows: 

Symbol G is used and counted in the median as equal to or less than foE when 
during the daylight hours normal E is seen and no Es observed. This does not apply 
at stations where h'Es is normally less than h'E. 

Symbcd E is used during dark hours when no Es is seen and where the f-min is 
equal to the lower limit of the recorder. 

Symbol B is used when no Es is seen when f-min is higher than the lower limit 
of the recorder or when B is used on all other sheets. 

•fmEs Sheet 

'All . hourly sweeps in which multiple Es are seen, the highest frequency of the 
first multiple is recorded. The hours and values- shoilld be obtained from the fmEs 
column of the 'Daily . Tabulation'Sheet 7 . No descriptive symbols .are necessary on this 
sheet. 

f-min Sheet 

The minimum frequency of reflections from àny region is recorded eyery hour„ 
'Pie:Only three descriptive.symbols used on this sheet are 'C', 'EV and 'E'. 

Descriptive symbol 'B' is only used where 'EV is recorded on all other sheetà. 
In:this Case only is 'EV.counted in the median count and considered as.being higher 
than the.median.value. 



Virtual Height Sheets 

The minimum virtual heights of F2, Fl, E and Es are recorded from each hourly 
sweep and entered on a separate tabulation sheet for each region. 

Descriptive symbols are entered only when necessary and are not counted either 
in the median count or considered in the median values. 

M Factor 'Sheets 

The'(M 3000)F2, (M 3000) Fl, and (M 1500) . E are entered on separate'monthly 
tabulation sheets for each hour. No descriptive symbols are entered on these sheets. 

F2 Spreadiness Sheets 

. 	The'F2 spreadiness is evaluated every 15 minutes Sweep (see 'Evaluation of 
F2 spreadiness') and an hourly figure each hour recorded onmonthly tabulated sheets. 
Missing values are to he described by descriptive symbolS. Descriptive symbols are 
not considered when computing median count or median values. 

WWV and IVWVH Sheets 

The estimated signal s.trength of both WWV and*WWVH'are recorded hourly. These 
monthly valiles are to be averaged. 

A sample monthly tabulation sheet is shown in figure 10.4. 

10 5 Nrtieulars of Ionospheric Stations 

Headings on the monthly tabulation sheets from  the  various Canadian ionospheric 
stations are as follows 

STATION 	LAT. 	'LONG. 	MEAN TIME 	GMT-LMT ' — — — 

BAKER LAKE,.N.W,T. 	64.3N. 	96,0°W 	90°W 	6 hrs 24 minS. 

CHURCHILL, MAN, 	58.8 °N. . 	94.2°W 	90°W 	6 hrs 17 mins. 

FORT CHIMO, QUE, 	58,1 °N. 	68.3°W 	75°W 	• 	.4 hrs 33 minà. 

OTTAWA, ONT 	45,4°N. , 	75.7°W 	75°W 	'5 hrs 03 mins. 

PRINCE RUPERT, B.C. 	54,eN, 1 	130.3 °W 	120`N 	8 hrS 41 mins. 

RESOLUTE BAY, N W,T. 	74.7°N, 	'94.9°W 	90°W 	6 hrs 20 mins. 

ST. JOHN'S, NFLD. 	47,6°N. , 	52.7°W 	60°W 	• 	3 hrs 31 mins. 

THE PAS, MAN, 	53,8°N. 	101.2°W 	: '90°W 	- 6 hrs 45 . ffiins. 

'WINNIPEG, MAN. 	49,9°N. 	97,4°W 	90°N 	6 hrs 29 mins. 



2 figures 

3 «  figures 

2 figures 

2 figures 

figure 

2 figures 

2 figures 

1 figure 

Station Designation 
Message serial number 

Day of the month 

foF2 at 1800 hrs preivious day 
(tenths of a megacycle) 

foF2 at0001 hrs (tenths of Mcs.) 

foF2 at 0600.hrs 	" 

foF2 at 1200 hrs II 	, 

SECTION  il  

SIGNALS 

Signals are .transmitted to Ottawa for use in short term ionospheric distur-
bance forecasts and also tO Provide sOme basic:data from isolated stations which 
have infrequent mail service. 

The following figures are used in these signal messages from ionospheric sta- 
• 

'tions. 

. Station  Designations 

Ottawa 	45 	Fort Chimo..............58 

St. 	 Churchill...............59. 

Portage 	50 	Baker Lake 	64 

The  Pas 	54 	Resolute  Bay 	75 

'Prince  Rupert 	55  

Equivalents.for Missing Values 

F.......................06 

-S.......................09 

11,2, 	 THE NOON SIGNAL 

First group 	• 	2  figures  
. 	3 figures 

Second group 

' Third group. 

Fourth group 

Number of hrs- of measurable F2 

Average signal strength of WWV 
on 5 Mcs from 1800 hrs to 0600 
hrs. 



• 2 figures 
3 figures 

1 figure 
1 figure 
1 figure 

A 5 figure group for 
each hour Sporadic E 
is seen. 

&?,ries of figures 
divided into 5 fig. 
groups. If necessary 
fill in last group 
with X!s. Mftssing values 
to be filled with figs . 
according to table. 

Hour of Sporadic E 
fEs in tenths of a Mc. 

F2 spreadiness for 01 hr. 
F2 spreadiness for 02 hr. 
F2,spreadiness for 03 hr. 

Etc. 

First group 2 figures 
3 figures 

Station designation 
Message serial number 

Series of 26 
double figures 

Series of 28 
figures 

NOTE - Missing value equivalents are two digits even when used in F2 
spreadiness groups. 

For signal purposes  only  lower frequency limit of recorder will,be 
Mc/s. 

11.4. hie  Monthly Signal 

'Median value of fàF2 for the month for each hour of 
the day plus four figures for the sum of the values. 

The second figure of the median (M 3000) F2 for the 
month for each hour of the day plus four figures 
for the sum of the actual factors. 

The signal is to be written in order making a series of 17 groups of fiVe 
figures. 

If for some hour a median value of ToF2 is missing, the factor for that 

hour is  also  omitted. Missing  values are to be filled in as eC/' in this signal. 

Example: 

Median F2 critical frequencies from 00 hrs to 23,hrs inclusive as'follows: 

. 3 0 4. 3.0 X.X 25 2.7 3.7 4.1 4.5 4.8 5.2 5.0 4.9 5.1 5.0 4.9 

49 5.1 5.1 5.2 5.2 5.1 4.6. 4.2 ,3.6 

Check  10 19  

(M.3000) F2 for the same period as follows: 

3.1 3.1 X.X 3.1 3.1 3.3 3.3 3.1 3.2 3.0 2.9 2.8 2.9 3.0 2.8 2.9 3.0' 

3.0 3.1 3.2 3.2 3.1 3.1 3.1 

Check 0704 

Monthly signal from &solute Bay with serial number 459 as follows: 

75459 34300 02527 37414 . 54852 50495 15049 49515 15252 51464 23610 

19110 11331,20989 08900 12211 10704 

• 



Hours audible 5 Mcs WWV - 04-12 hrs. 
It 

IT 

II 	II 

II 	II 

TI  

II  

1 figure 
1 figure 
1 figure 
1.figure 
1 figure 

Fifth group 
YI 10 	" 	

II 	II 

IT 	15 	" 	." 
n 	20 	" 	II  

" 	25 " 	" 

IT IT 

1. 1  

TI 

F2 spreadiness at 00 hrs 
H 	 " 03 " 

" 06 " 
" 09 " 
" 12 " 

Seventh grOup 1 figure 
1 figure 
1 figure 
1 figure 
1 figure 

Daily'Signal for Baker Lake on llth day of the . month with serial number 351.as 
follows:- 

64351 	11500 	64743 	39032 	'53405 	48569 	6/100 	/118/ 

115/1 	09989 	04810 	- 25147 	- 36XXX 	04055 	07112 	11020 

11500 	64743 	39032 

09989 	04810 	- 25147 

'20031 	88666 	03550 14051 	'20031 	88666 	03550 	:55111 	11122 — 13378 

First group 2 figures 
3 figures 

Station designation 
Message serial number 

Sixth group 1 figure 

1 figure 
2 figures 

1 figure 

Maximum firiEs 00,106 hrS to nearest 
:Mc.' (9 equals 9 Mcs or over) 
Maximum intensity . of Aurora 
Percentage.of Hrs-of Aurora to 
total observable Hrs. 
Mierage position of Aurora 	• 

Example 

Critical frequencies of F2'from . 00 hrs..to 23 - hrs 0  as follows: 

F 	4.7 	- 4.3 	3.9. 	C 	2 ..5 	3.4 	E 	4,8 , 5,6 	9,6 	10.0 • 1L8 

1L5 	10.9 	9.8 	9.0 	P 	8.1 	B .5.1 	4.7 	3.6 

Frequency of Sporadic E: fourth hour 5,5; seventh hour 11 2.; -eleventh hour 2.1; 
fourteenth hour 5.1; twentieth hour 3.1. 

,F2 Spreadiness 

8 8 6 6 6 C 5 5 E 5 1 1 1 1. 1 1 2 2 1 3 3 7 8 

11 .3 Long Daily 'Signal froni Isolated Stations (effective June 1, 1950) 

Series of figures 
divided into 5 fig. 
groups. If . necessary 
fill in.last group with 
X's. Missing values.to 
be filled with..Figs, 
according to table, 

2 figures 	Day of the month 
Values of.foF2 from 00 Hrs. to 23 Hrs expressed 
in tenths of a Mc. (Over 9.9  Mes. use fraction 
bar  followed by 3 figures,) 

• 



INDEX 

A 
absorption 
arithmetic mean ' 
attenuation - measureMents 
auroral intensity 
auroral observations 
auroral zone 
automatic ionospheric equipment 

3.3.1., 4.5.2., 4.5.5. 
2.4.4., 6. 

, 9.2. 
6„ 10.3. 
8.2. 
8. 
1.1. 
2.6. 

3.3,2. 
blackout. 	 3.3.2, 
blanketing 	 3.3.1., 4.3.5. 
brush 	 4.1.8. 

3.3.3. 
C2 • 	 2,6.1., 2.6.2. - 
calibration of equipment of attenuation 	6.3. 
C H U 	 • .7.1. 	. 
count 	 9.2.' 
criticaLangle of elevation 	• 	5.2, 	• 
critical frequency 	 2.3., 3.1., 3.2., 4.1., 4.3., 

4.4., 4.5., 5,2., 10.1. 

D  
D absorption figure 	.. 	6.2. 
D region 	 .2.4.4., 3.1. 
daily tabulations 	

. 	
- 10.2. 

daily signal, long 	• 	11.3. 
daily signal, - .noon 	 11:2. 
decibels 	 6,.1., 6.3. 
denSity, electron 	 2.3. 
descriptive.symbols 3,3. 	. 
deviative•absorption 	' 	6.1. 
dispersion 	 9.3. 
ciouble-sweeps 	 - -4,1.4. 
double refraction 	 2.5. 
doubtful observations 	 3.4.1. 



3.3:6... 4 0 1.1. 
2.4.2.: 3.1., 4.3. 
2.4,3„ 3.1., 4.1. 
3.1.. 
10.4. 
3.2„ 10.1. 
3,3.17., 4,1.4,, 4.1.7. 
2.3., 3.1., 3.2., 4.1., 
4.3., 4.4., 4:5., 10.1. 
3.1., 3.2., 3.3.9. 
3,1., 3,2. 

3.2. 

Fi  region 
F2 region 
FOT 
f-min 
factor, M, 
forked record 
frequency critical 

extraordinary wave 
longitudinal 	" 
ordinary 

3.3.5. 
E region 	 2.4.1., 3.1., 4.4. 
E2 region 	 3.1, 3.3.8., 4.4.5. 
Es region 	 2.4.1,, 3,1., 

3.3.19., 4. 5 . 
earth's magnetic field 	 2.5,, 
echoes 	 2. 
electron density 	 2. 3 . 
equipment, at stations 	 2.6.1. 

C2 	 2.6„1„ 2.6.2. 
LG17 	 26L,262.  
manual type 	 2.61., 2.6.3. 

equipméht failure 	 3.3.3. 
extra-ordinary wave 	 2.5., 3.1., 3.3..9., 4.7. 
extrapolation 	 3.3,13.,  

4.1,12. 

G 
graph paper 	 9.4. 
gyro frequency 	 4.7. 

H 

H 	 3.3,8. 
height, minimum virtual 	 3.1., 10.1. 

•, virtUal 	 2.2., 3.1„ 3.2., 10.1. 

• 



intensity, of aurora 
interference 
'interpolation 
interpretation of records 
ionosphere 
ionospheric regions 
ionospheric stations 

8.2. 
3.3.15. 
3„4„2. 
4. 
_1.1. 
2.4. 
1.1. 

if.' figure 6.1., 6,2. 

L U F 
.linear graph paper 
logarithmic graph paper 
long daily signal 
longitudinal -wave 
lowest useful frequency 

3.3.10., 4.3.3., 4.3.4. 
3.1. 
9,4. 
9.4. 
11.3. 
3.2., 4.7. 
3.1. 

values 
signal • 
tabulations 

attenuation 
auroral 
signal strength 
vertical incidence 

3.3.11. 
3.2., 10.1. 
4.6. 
6,2, 
3.1.,  
3.1., 3.2. 
9.2. 
3,3,, 3s4, 
11.4. 
10.4, 
6., 10.3. 
8. 
7. 
2.1. 

*114 
M factor 

. 11Utype echoes 
M Value 
M tJ F 
Makimilm usable frequency 
median-
missing 
monthly 
monthly 
measuremenis, 



3.3.12. 
N-type echoes 	 4.6. 
non-deviative absorption 	 6, i . 
noon signal 	 11.2. 

Utrace 
oblique reflections 	 4.1.6., 5.1. 
Observations, auroral 	 8.  

, manual 	. 	2.65. 
, signal strength 	- 7.. 

, ordinary-wave 	 4.7. 

- 3.3.13, 4.4.2., 4.4.3. 
parenthesis 	 3.4 ,  
plotting methods 	 9. 4 . 
polar paper 	 9.4. - 
polar 	

. 
-spur 	 4.1.2. 

position of stations 	 1.1., 2.6.1., 10j5.: 
prediction laboratories 	 1.1. • 	- 

range of equipment 

recombination 
recorder, C2 

, LG17 
, manual 

records, forked 
, manual 
, sixteen mm. 

, thirty-five mm. 
regions,. Fi  

F2' 
E 

, - E2 
, Es 

,D  

3.3.14., 4.3.5. 

2,6.1., 3.3.4., 
3.3.18. 
2.4.3. 
2.6.1., 2.6.2. 
2.6.1., 2.6.2. 
2.6.1., 2.6.3. 
3,3.17., 4.1.4., 4.1.7,' 
2.6.5. 
2.6.4. 
2.6.1. 
2.4.2. 
2.4.3. 

3.4. 
2.4.1., 3.1., 3.3.1., 
3.3.19., 4.5. 
2.4.4., 3.1. 



w'  
WWV'-•WWVH 

3.3.18. 
7.1. 

S 	 3.3.15. 
SID 
scaling,  Fi  region 	 4.3. 

, F2 region 	 4.1.,.4.2., 4;3„ 
, E region 	 4.4. 
, Es region 	 4.5. 

secant q5 	 5.3. 
semi logarithmic graph paper 	 2.6.5., 9. 4 . 
settings for vertical incidence equipment 	2.6. 2 . 
signal strength measurements 	 7. 
skip distance 	 1.1., 2.6.1., 10.5. 
speed of radio waves 	 2. 2 . 
sporadic ionization 	 2.4.1., 4.1.15. 
spread echoes 	 4.1.1., .4:2. 
stations, ionospheric 	 1.1., 2.6.1., 10.5. 
statistics 	 9.1. • 	. 
stratification 	 3.3.8.; 4.1.13. 
sudden ionospheric disturbance 	7.2. 
symbols 	 3. 

T 	 •3.3.16 . 
tables,critical frequency separation 	4.7. . 

, D absorption 	 6.2. (b) 
, virtual height correction 	6,2. (a) 

tabulations 	 10.- 
time used . for observations 	 10: 5 . 
transmission curves 	 5.5. 

Ultra-violet radiation 

V 	 3.3.17. 
vertical incidence measurements . 	2.1., 2.6. 
virtual height 	 2.2., 3.1,, 3.2., 10.1. 

Xikrace 	 2.S., 3.1., 3.2., 3.3.9., 
4.7à ç. 
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