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1220. Range of Space-wave Propagation

In general the transmission is possible only upto or slightly beyond the line of sight
distance. Hence the elevation of the antennas is the factor which determines the range.

Let d be the distance from the top of the antenna of height & to horizon as shown in
Fig. 12'19.  Let 7 be the radius of the earth.

Then (A7) = (r+h)2=1r24-2rh+ A1
or d2*=2rh-+h?

But B<€2rh

Hence d=42rh ...(12°35)
or d=1'23+/h miles ..(12°36)

where A is the height of the antenna in feet.

This distance d is almost the same as distance d, along
the earth’s surface, since A<<d.

With the transmitting and receiving antennas placed
at heights At and Ar, the maximum range of space wave com-
munication is given by

. d=1"23[{ hit ¥ 7] ..(12'37)
where k¢ and kr are in feet. c
Thus the service area increases on increasing the Fig. 12°19. Distance to the
heights of the transmitting and receiving antennas. horizon,
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2oiad Charac- Capaci-
Type D::c,;.’;;‘:n ieris;c \;eloclty ta‘:xce
ped- actor er foot;
Number ahoe P unf,
Coaxial Air-insulated 50-100 0.85*
RG-8/U 53 0.66 29.5
RG-58/U 53 0.66 28.5
RG-11/U 75 0.66 20.5
RG-59/U 73 0.66 21.0
Parallel- Air-insulated 200-600  0.975%
Conduc- 214-080% 75 0.68 19.0
tor 214-023% 75 0.71 20.0
2140798 150 0.77 10.0
214-056® 300 0.82 5.8
214-0768 300 0.84 3.9
214-022% 300 0.85 3.0

1Average figure for small-diameter lines with cer-
amic beads.

fAverage figure for lines insulated with ceramic
spacers at intervals of a few feet.

'Amphenol type numbers and data. Line similar
to 214-056 is made by several manufacturers but
rated loss may differ from that given in Fig. 1311
Types 214-023, 214-076, and 214022 are made for
transmitting applications.
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Option Explicit

'Ol juxiedl Ge xojuai]]

Dim Cpc As Integer

Dim A As Single: Dim B As Single: Dim C As Single

Dim CsMX'Rem 1 o5 1 4Sa) abaz ]l dzwll
Dim CsMN 'Rem _J1 o531 4Suh) s yrall  dzwll
Dim CpMX'Rem s ) | o5 1 ASuid adaz Il drw !
Dim CpMN "'Rem s 3 1 o511 4S0d] s rall  drwll

Public Sub FCM()

! Idzwdl DlaxY osleddw!l aly sl y>l

IFCpc=1Then 'Rem z 3 sl Juax b>Y LeyLuis! al S0 ol Gl
FSCMX'RemHlﬁj_}l i dxa PN S i W e A LS = It W7
Else

FPCMX 'Rem iSd Lawl abiadl dog il slagl el yal ety Y
L"s)"}_?_”

End If

LLine'Rem dx35Lidl danill cuws> hxll pwy sl 3>l odliwy

End Sub

Public Sub FPCMX()

CpMX = ((Val(Text4.Text) + Val(Text6.Text)) * Val(Text5.Text)) / ((Val(Text4.Text) +
Val(Text6.Text)) + Val(Text5.Text))

CpMN = ((Val(Text3.Text) + Val(Text6.Text)) * Val(Text5.Text)) / ((Val(Text3.Text) +
Val(Text6.Text)) + Val(Text5.Text))

Text7 = CInt(CpMX) 'Rem xoa 1 susdl 431

Text8 = CInt(CpMN) 'Rem xooeadl suxdl 431

End Sub

Public Sub FSCMX()

CsMX = ((Val(Text4.Text) * Val(Text5.Text)) / (Val(Text4.Text) + Val(Text5.Text)) +
Val(Text6.Text))

CsMN = ((Val(Text3.Text) * Val(Text5.Text)) / (Val(Text3.Text) + Val(Text5.Text))) +
Val(Text6.Text)

Text7 = CInt(CsMX)

Text8 = CInt(CsMN)

End Sub

Public Sub LLine()

Linel.X1 =6.7 + ((Val(Text8.Text) / 10) * 4.9494666)
Linel.X2 =5 + ((Val(Text7.Text) / 10) * 4.9494666)
End Sub
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Private Sub Command1_Click()
Text6 = Text6 + 5

el sl NI s leaSwl
FCM

End Sub

Private Sub Command10_Click()
Text5 = Text5 - 10

"alrdl sl YT s Le Ww!
FCM

End Sub

Private Sub Command11_Click()
Text6 = Text6 + 10

"aladl sl YT s Le Wiw!
FCM

End Sub

Private Sub Command12_Click()
Text6 = Text6 - 10

"aladl sl YT s Le Wiw!
FCM

End Sub

Private Sub Command13_Click()

GoiSaadl ws iy st

Text4 = 350: Text3 = 10: Text6 = 10: Text5 = 10: Textl = 10: Text2 = 350
If Picture2.Visible = "false” Then

Picture2.Visible = "true"

Cpc=2

Picturel.Visible = "False"

End If

Imagel.Left = ((Val(Textl.Text)) * 0.49862) + 2.117
Image2.Left = ((Val(Text2.Text)) * 0.49862) + 2.117
FCM

End Sub

Private Sub Command14_Click()

Text4 = 360: Text3 = 10: Text6 = 10: Text5 = 10: Textl = 10: Text2 = 350
If Picturel.Visible = "false” Then

Picturel.Visible = "true"

Cpc=1

Picture2.Visible = "False"

End If

Imagel.Left = ((Val(Textl.Text)) * 0.49862) + 2.117
Image2.Left = ((Val(Text2.Text)) * 0.49862) + 2.117
FCM

End Sub

Private Sub Command2_Click()



s ) dl 8

Text6 = Text6 - 5

! P‘._X_H sloy>Y 1l s le Sw!
FCM

End Sub

Private Sub Command3_Click()
Text6 = Text6 + 1

' pladl sl >N s lebwl
FCM

End Sub

Private Sub Command4_Click()
Text6 = Text6 - 1

Caladl sl geYT s Le aSw!
FCM

End Sub

Private Sub Command5_Click()
Texts = Text5 + 5

el sl Y1 s Le whw!
FCM

End Sub

Private Sub Command6_Click()
Text5 = Text5 - 5

! Pl_x_‘l sl s le Uwl
FCM

End Sub

Private Sub Command7_Click()
Text5 = Text5 + 1

el sl Y1 s Le wSwl
FCM

End Sub

Private Sub Command8_Click()
Text5 = Text5 - 1

! P‘._x_)l sly>Y 1l s le Sw!
FCM

End Sub

Private Sub Command9_Click()
Text5 = Text5 + 10

! I LeJdl s )_?Y s e Ww!
FCM

End Sub

Private Sub Form_Load()

2isaidl Jaaxd wie sl Y T i dado

App.HelpFile = "VariableCapacitor.HLP" 'Rem ;321 wJb JoL3d =5
Cpc=1

AN
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FCM
End Sub

Private Sub Help_Click()

ol ) e s W bde Luadl gpye

CommonDialogl.HelpFile = "VariableCapacitor.HLP"
CommonDialogl.HelpCommand = cdlHelpContents
CommonDialogl.ShowHelp

End Sub

Private Sub Textl_Change()

Imagel.Left = ((Val(Textl.Text)) * 0.49862) + 2.117
FCM

End Sub

Private Sub Textl_GotFocus()
SendKeys "{Home}+{end}": SendKeys "{Home}+{end}"
End Sub

Private Sub Textl_LostFocus()

Imagel.Left = ((Val(Textl.Text)) * 0.49862) + 2.117
FCM

End Sub

Private Sub Text2_Change()

Image2.Left = ((Val(Text2.Text)) * 0.49862) + 2.117
FCM

End Sub

Private Sub Text2_GotFocus()
SendKeys "{Home}+{End}": SendKeys "{Home}+{end}"
FCM

End Sub

Private Sub Text2_LostFocus()
Image2.Left = ((Val(Text2.Text)) * 0.49862) + 2.117
End Sub

Private Sub Text3_Change()
FCM
End Sub

Private Sub Text3_GotFocus()

Text3.SetFocus

SendKeys "{Home}+{End}": SendKeys "{Home}+{End}"
End Sub

Private Sub Text3_LostFocus()

' IS Ll )_g-}! e e !
FCM

End Sub

AY
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Private Sub Text4_Change()
FCM
End Sub

Private Sub Text4_GotFocus()

Text4.SetFocus

SendKeys "{Home}+{End}": SendKeys "{Home}+{end}"
End Sub

Private Sub Text4_LostFocus()
"aladl sl Yl s ledbiwl
FCM

End Sub

Private Sub Text5_Change()
FCM
End Sub

Private Sub Text5_GotFocus()
SendKeys "{Home}+{End}": SendKeys "{Home}+{end}"
End Sub

Private Sub Text5_LostFocus()
'P LeJl sl >¥ 1 s ledSwl
FCM

End Sub

Private Sub Text6_Change()
FCM
End Sub

Private Sub Text6_GotFocus()
SendKeys "{Home}+{end}": SendKeys "{Home}+{end}"
End Sub

Private Sub Text6_LostFocus()
FCM
End Sub
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Resistors
(All fixed values } watt 10%)
R1 180q

R2 3.9kn

R3 1ka

R4 1kQ

R5 68kn

R6 27k 0

R7 15k Q

R8 39k

R9 2.7k

R10 33k

R11 330kQ

VR1 10k potentiometer, linear (see text)
VR2 1kQ pre-set potentiometer, standard
or miniature skeleton, horizontal

Capacitors
C1 10pF silvered mica or ceramic
C2 64uF electrolytic, 10 V. Wkg.
C3 1,000pF silvered mica or ceramic
C4 1pF silvered mica or ceramic,
C5 4.7pF silvered mica or ceramic
Cé 12£1F electrolytic, 10 V. Wkg.
C7 39pF silvered mica or ceramic
C8 F silvered mica or ceramic
C9 0.1uF golyeater
C10 0.01xF polyester
C11 0.1xF polyester
C12 1,000pF silvered mica or ceramic
C13 1,000pF silvered mica or ceramic
C14 1, F silvered mica or ceramic
C15 0.1uF polyester
. C16 1,000uF electrolytic, 10V. Wkg.
VC1 12pF ceramic tube trimmer (see text)
VC2 10pF variable, type C804 (Jackson)
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Inductors
L1 2.5mH r.f. choke type CH1 (Repanco)
L2 see text
L3 see text
L4 see text
L5 2.5mH r.f. choke type CH1 (Repanco)
T1 microphone transformer type TT53 (Repanco)

Semiconductors

TR1 2N3663

TR2 2N3663

TR3 BC169C

TR4 2N4289

TR5 2N3405

D1 0A81, 0A90 or 0A91
D2 6.8V zener diode, 400mW
D3 0A10

D4 1844

D5 1S44
-D6 1544

Speaker
LS1 150, 6 x 4in (see text)

Switch
S1 3-pole 4-way rotary (see text)

Miei%ellaneous LG )
-way group panel (see text
9V battery type PP9 or equivalent
Battery connectors
Telescopic aerial type TA10 (Eagle)
Ferrite rod, 4 x §in., orange grade (see text)
Large control knob .
2 small control knobs
Speaker gauze
Epicyclic drive with flange, Jackson 4511/F
14in. drive drum, Jackson 4597
Pulley wheel (Home Radio)
Spring clip, }in., Lektrokit (Home Radio)
Bracket, Lektrokit (Home Radio)
Nylon drive cord
aterials for case and chassis
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| Command 4 (Draw) T\
ext 1

Command 3

Command 5

o5y e olxoyds pwy ol LI b bl
Option Explicit
"lge sy O il 2 pal
Dim P, R, N, E As Integer
Dim A, B, C, D As Double
Public Function Radian (DGR) As Double
Lol il I3 g Y1 doolaSdl aiSien ¥ Sed ! sy sl Ay al
Loy Gaaill aws Las
Yol dexid oleyadly Lol gl L QdSs S deledl AJIadl eda LindS i
sl adl alaidr )
Radian = DGR / (180 / 3.141592654)
End Function
Public Sub BCDE ()
LD ey pi s e e Sy oSl as] Led ikl JS gaihids
e

"Ll daaidl S as
B = (Sin(Radian(A)) * N) + ScaleWidth / 2
C = (Cos(Radian(d)) * N) + ScaleHeight / 2



L DS ol g 2SIV

'Sl g du i el da i) Q_;__jl.L}l

D = (Sin(Radian(A)) * R) + ScaleWidth / 2
E = (Cos(Radian(A)) * R) + ScaleHeight / 2
' '\')_}:_a_l_u.l_a_” w2

Line (B, C)-(D, E)

End Sub

Private Sub Command3 Click()

B SRSy RUCw
Printer.EndDoc
End Sub

Private Sub Command4 Click()

Vb el s adl byt adl aw g

Circle (ScaleWidth / 2, ScaleHeight / 2), 288
Printer.DrawWidth = 3

Printer.Circle (ScaleWidth / 2, ScaleHeight / 2), 288
For A = 0 To 360 Step 1

BCDE

Printer.Line (B, C)-(D, E)

Next A

Printer.DrawWidth = 1

For A = 0 To 360 Step 5

BCDE

Printer.DrawWidth = 9

Printer.Line (B, C)-(D, E)

Next A

Printer.DrawWidth = 1

N = R + 550

For A = 0 To 360 Step 10

BCDE

Printer.DrawWidth = 9

Printer.Line (B, C)-(D, E)

Next A

N = R + 500

Printer.DrawWidth = 1

End Sub

Private Sub Command5 Click()
Printer.KillDoc

Cls

End Sub

Private Sub Form Unload(Cancel As Integer)
Printer.KillDoc

End Sub

Public Sub Textl GotFocus()

SendKeys "{Home}+{End}": SendKeys "{Home}+{end}"
End Sub

Private Sub Textl LostFocus ()

R = Val (Textl.Text) * 57.6: N = R + 500

AR R4



s i )

If R + 500 < (ScaleWidth / 2) - 256 And R + 500 > 0 Then GoTo 100
R = MsgBox ("oJlw 51 44§ ki)™, vbOKOnly, "Error")
Textl.SetFocus
SendKeys " {Home}+{End}"

100 End Sub

Vo
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S

s

alo sl 1550y gblall e il a3 Lasall Fuinter Length als sdiall sl

Commandd el slels)
5 * |20 E3 " | - \
‘ Comma‘nd4
cmdPrint
cmdClear cmdDegrees
cmdDemo

Azso A0 O doxdee ) pdbadl 50 paei el aos S aubs puy ol
Option Explicit
Dim R X, R Y, L X, L_Y As Double ' Right hole X, Righthole Y, Left hole X and _
Left hole Y
Dim P, R, N As Integer
Dim A, B, C, D, E As Double ' BC are the XY fo the far end of each mark, DE _
are the XY for the near end of each mark.
Dim P_CX, P_CY As Double ' Pointer Centere X and Pointer Center Y
TS adl i all 1 Ledseais olenadly dust 30 Laas Led wiss dels a1
Public Function Radian (DGR) As Double
Radian = DGR / (180 / 3.141592654)
End Function

Teoladl g dawdl LY saaa ) dewly Sleddal g o aalla
Tinyaidl o hs dogles b dhdidly xSl s dnlan 3 dhaidd
Public Sub BCDE (

B = (Sin(Radian(A)) * N) + ScaleWidth / 2
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C = (Cos(Radian(A)) * N) + (ScaleHeight / 2) - (Val(txtPM.Text) * 57.6)
D = (Sin(Radian(A)) * R) + ScaleWidth / 2

E = (Cos(Radian(A)) * R) + (ScaleHeight / 2) - (Val(txtPM.Text) * 57.6)
Line (B, C)-(D, E)

End Sub

Private Sub cmdClear Click()
VLo Uadl patey LBLEI xws
Printer.KillDoc

Cls

End Sub

Private Sub cmdDdegrees_Click()
Vil i pay| awaldl 3l
Vsl el Jeb 3 pdied)l Jeb Ol phande oo dan oosidly Leland gosdws LI dhEidl
]
YEusl gl dxoy Sl 3Syall ge U dhidl WousS 3 Lgie o Lidas
N = Val (txtPL.Text) * 57.6
I SSICTIS DU P E R (VS PIPISUSE | N S UL I SUTRU | (- PUPRIE U | RS2 I SRR O S - [ S -0 S S ]|
o adyll
R = (Val(txtPL.Text) - 5) * 57.6
Yl Bl S guon il ol bleead) AV A padSians e il S ol 51N
Dol AN a poRSy gl pbiadl (S50 gty (o B G ASleadl se hbialdl 3850 o @30 4!
S L LW

X = (((Val(txtDSB.Text) * 57.6) / 2)) + (ScaleWidth / 2)

oY ol Sy sobadl LS asy
R Y = ScaleHeight / 2
'V oS 385 solall L 31asY
L X = (((Val(txtDSB.Text) * -57.6) / 2)) + (ScaleWidth / 2)
VN G 3Spa goladl 51 asY
= ScaleHeight / 2

Shiadl Syl nwldl 51 asY
PCX = ((RX-LX) /2 +#LX
'ydiadl 3Syad golall 31yl
P CY = R Y - (Val(txtPM.Text) * 57.6)
Dpasdl b e dquxS o Lagd
Printer.DrawWidth = 2
Tom¥ Qi SS, B B aake 5510 pay
Circle (R_X, R Y), (1 * 57.6)
Loyl ] 5050401 s Jlay)
Printer.Circle (R X, R Y), (1 * 57.6)
B e L R R R BEE B Ly 'S
Circle (L X, L Y), (1 * 57.6)
Printer.Circle (L_X, L Y), (1 * 57.6)
O S TEIRE T U T B v
Line ((R.X + (3 * 57.6)), R_Y)-((R_X - (3 * 57.6)), R Y)
Printer.Line ((R_ X + (3 * 57.6)), R Y)-((R_X - (3 * 57.6)), R Y)
¥ B S5 5 Sl dale puy
Line (R.X, R.Y + (3 * 57.6))-(R X, R.Y - (3 * 57.6))
Printer.Line (R X, R Y + (3 * 57.6))-(R X, R.Y - (3 * 57.6))
Line ((L_X + (3 * 57.6)), L Y)-((L_X - (3 * 57.6)), L_Y)
Printer.Line ((L_X + (3 * 57.6)), L Y)-((L_X - (3 * 57.6)), L_Y)
Line (L X, LY + (3 * 57.6))-(L X, L Y - (3 * 57.6))
Printer.Line (L_X, L Y + (3 * 57.6))-(L_X, L .Y - (3 * 57.6))
Line (P_CX + (1 * 57.6), P_CY + (1 * 57.6))-(P.CX - (1 * 57.6), P_CY - (1 * 57.6))
Uil bal b JSan Y pdpdl Syadd guabliiedl abadl usl o pwys Lidedl ddaxdl
Printer.Line (P_CX + (1 * 57.6), P_CY + (1 * 57.6))-(P_CX - (1 * 57.6), P_CY - (1 * 57.6))
biadl 3Sye o SULL gbliiadl il g
Line (P_CX - (1 * 57.6), P_CY + (1 * 57.6))-(P_CX + (1 * 57.6), P_CY - (1 * 57.6))
Printer.Line (P_CX - (1 * 57.6), P.CY + (1 * 57.6))-(P_CX + (1 * 57.6), P_CY - (1 * 57.6))
Tz 2 gyl
For A = 135 To 225 Step 1
BCDE
Printer.Line (B, C)-(D, E)
Next A
R = (Val (txtPL.Text) - 6) * 57.6
Printer.DrawWidth = 3
' dwes ol puwy
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For A = 135 To 225 Step 5

BCDE

Printer.Line (B, C)-(D, E)

Next A

']l dsb douss

R = (Val(txtPL.Text) - 8) * 57.6
Printer.DrawWidth = 5

Piade Bode ola)y Sl )
For A = 135 To 225 Step 10
BCDE

Printer.Line (B, C)-(D, E)
Next A

ToLS La ) badl Jgb bole]
Printer.DrawWidth = 1

End Sub

Private Sub cmdDemo_Click()
Plagedl AU olbluadly LSS a0 pe) i

If pctDemo.Visible = "False" Then

pctDemo.Visible = "True": cmdDemo.Caption = "ew Jl «Laz|"
Else

pctDemo.Visible = False: cmdDemo.Caption = "pw I jlgb|"
End If

End Sub

Private Sub cmdPrint Click(
A5l aahy -
Printer.EndDoc

End Sub

Private Sub txtDSB_GotFocus ()
SendKeys "{Home}+{End}"
End Sub

Private Sub txtPL_GotFocus ()
SendKeys "{Home}+{End}"
End Sub

Private Sub txtPM GotFocus ()
SendKeys "{Home}+{End}"
End Sub
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JFET Jeaal) il il sins 330 iy 5 3me A2
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R11
680Q

5M  4M

500K 400K

50K 40K 10K

WalSao Jaming Mt 851401 Lalasa Tdine 855 OF J) pliony ¥ Wle g5 dailan 93 srasdgh A IS
pdsiaall Sl daw o on 5L OV I BV 055 OF (Sen BT2 5 BTL . dadd 1

R10-10KQ Panel-mount
potetiometer.
R11-Current-limiting resistor
680Q) for 3V Batteries at BT1
and BT2 or 1K6 for 9V batteries.
S1- 1-Pole 7position rotary
switch.
S2-2Pole 2position toggle
switch.
U1-LF353N dual JFET op amp.
B { PRET ) JUPRCY SR I IPPR NN VRN
below ground _swall dads (e Jil bl &) ja)
galgll (e eIy A 5 eday o) (52 potential
Aiaeal)
Gl ~lie e S 5 agall andie Cila glia
bial 13 A0S G 8 aal S LaS 51 bl
divie 5Sa 4S5 yiall O e 22 Lﬁi Ladall
a8 e Oy Ji gt 1))y, N sl
Ao el Lpamny ) (sl cla sl

potentiometer.

R5-390KQ and 10KQ 0.25W
5% resistors in series.
R6-47KQ and 3KQ 0.25W 5%
resistors in series.

R7-39KQ and 1KQ 0.25W 5%
resistors in series.

R8-10KQ 0.25W 5% resistor.
R9-10KQ 0.25W PC-mount

D1_LED, 5V 20mA

J1, J2 Banana jacks, 500V
insulation .

M1-50uA dc meter.

R1-1MQ 0.5W 5% resistor.
R2- 4.7MQ and 300KQ 0.25W
5% resistors in series.
R4-470KQ and 30KQ 0.25W
5% resistors in series.

(9= s AL) Penlight cells (AAA) & 5=
Jash ald jenys 3v ) dalal) e Cua
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By B. SAVAGE
Practical electronics September 1977
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Resistors

R1 220k Q2 R6, R8 1kQ (2 off)

R2  680kQ2 R7 100Q

R3  100kQ R9 470Q

R4 10kQ R10 472 or 68Q2

R5 390k (to suit coaxial cable used)

R1-R4 %W 5%, remainder $W 5% carbon

Variable Resistor .
VR1 220k sub-min. horizontal preset

Capacitors
C1 330pF polystyrene

C2 68pF polystyrene (see text)

C3, C4, C7 10nF disc ceramic (3 off)

C5 1uF 15V elect. or tant.

Cé 4-TuF 25V elect. or tant.

Semiconductors
TR1 40673 :
TR2, TR3 BF224 etc. (see text) (2 off)

Miscellaneous
S1 3-pole, 3-position slide switch (see

text)
PL1/SK1  Single-pole connector

PL2 Coaxial connector to fit oscilloscope
Y-input
Printed circuit board. Materials for probe housing,
etc.
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