Mathematical Tools of the Trade

6.780 MHz 13.! 56C MHZ 27.12(']0 r\I;IZ 40.68 MHz 433.%2A/IHZ 915 MHz 2.45 GHz 5.8 GHz 24.125 GHz 61.25 GHz 122.5 GHz 245 GHz .
F Conversions and Bands e s G gls < 2 oo i 2l 3 e M Common Conversions
e a8 e o e = Bl 1% Sl ' "I~ Frequencies .
requency EEE Bands 1in=254cm 1in % =0.000016387064 m3 | 1 psi.=6,894.7573 Pa (Pascal)
- g g = N IS ® I > o NS & & ° 8|
: HE : VHE - ¢ Loand |§ seona (§ ceona § 8 £ 58 fp £ |g veona i £ g ™Y 9 Most Common 1 ff = 0.30485 m 1 112 = 0.028316846 m? 1 hp = 550 ftelb/sec = 745.6999 Watts
o Q
1yd=0.9144 m 1 yd3 =0.764554858 m3 °C=(F-32)/1.8
ITU EU/NATO/ ABand 8 soand B cBond |5 DBang B.E L85 & 5 25 1sana 1B keana & B M [B 5 ITU EU/NATO/ :
US Bands -Ban z B and < and 1@ D-Band @ gqng|Q S |2 Bana)2 g3 and e K-Band 10 gong |2 Band o N-Band 9 US Bands 1 in2 = 0.00064516 m?2 1 lb =0.45359237 kg
1 ft2 = 0.092903 M2
Radio Bands Fre q - ny (LF) uper Low Frequency Voice Frequency (VF) z Very Low Frequency (V ow Frequency Medium Frequency (V z High Frequency (H % Very High Frequency (VH Ultra High Frequency (UH m uper High Frequency o Extremely High Frequency (EHF o Radio Bands 1 yd2 =0.83612736 m2
AR II IIII III | III 1 [ IIII III IIII III | III IIII III A R [l III III III A AR E IR N DN I IR Unit Prefix Chart
Frequency 2 3 4 4lls|lle 5116 2||111113]1114 | lisllle ] 7 teno 6 5116 2 3//|1114l sl 6 5/\l6 5)\/l6 5116 Frequency —
| IIII III I III AN IIII III IIII III | III IIII III NI III IIII Il III III III II I III III IIII R IIII IIII IIII II I IIII III III I II I IIII IIII IIII II | IIII III III I 1,000.000.000,000,000,000,000,000 = 10*| yotta | Y
— 21
: IIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIII IIIIIIII I IIIIIIIII i I IIIIIIIIIIIIIIIIIIIIIIII IIIIIIIII i I I SR 304 4 I I BRI 11 I I IIIIIIIIIIIIIIIIIIIIIII Il IIIIIIIII IIIIIIIII (i I I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i I I IIIIIIIIIIIIIIIIIIIIIIIIISIIIIIIII IIIIIIIII IIIIIIIII (il I I U IIIIIIII Al IIIIIIIII (il I I IIIIIIIIIIIIIIIIIII IIIIIIIII IIIIIIIII (il I I IIIIIIIIIIII IIIIIIIIISIIIIIIIIIIIIIII Period 1 000000000 00000000 - 15| v | ¢
I i il I Ll L IIII T A IIII il il i I il Ml bl A ene ’1 060 060 060 060 0[’30 1_015 ex;u E
1sec , ) , , ) = peta
Wavelength IIIIIIIIIIZIIIIIII I I IIIII9III8IIIIII7IIIIIIGIIIIIISIIIIIII IIIIIIIIIIIIIIIII [T I | IIIIIQIIISIIII?IIIIII6IIIIIISIIIIIII IIIIIIIIIIIIIIIII [T I I IIIIQIIIBIIIIIIIIIIIGIIIIIII5IIIIIII IIIIIIIISIIIIIIII IIIIIIIIIIIIIIQIII*IIIIIIIIIII6IIIIII5IIIIIII IIIIIIII3IIIIIIIII T III9IIIIfIIIII7IIIIIIGIIIIIII5IIIIIII IIIIIIII3IIIIIIIII ] I I IIIIIIIIISIIII7IIIIII6IIIIIII5IIIIIII4IIIIIIIII3IIIIIIIII [T I IIIIIQIIIIIBIIIIII?IIIIIIGIIIIIII5IIIIIIII*IIIIIIII3IIIIIIIII T[] I IIIIIIII9III8IIIIIIIIIIIIIIIIII5IIIIIII4IIIIIIIII3IIIIIIIII2IIIII || I I IIIIIIQIII8IIIIIIIIIIIII6IIIIII5IIIIIII4IIIIIIIII3IIIIIIIII2IIIII 1] I III9IIII*IIIII7IIIII IIIIIIISIIIIIII‘*IIIIIIII3IIIIIIIII T | wavetength 1,000,000,000,000 = 10'2 fera [ T
30 Mm 1,000,000,000 = 10° gigda G
1,000,000 = 10° mega | M
1,000 = 103 kilo k
; ; ; 100 = 102 hecto h
Term Conversions in 50Q Environment Unit Conversions dB Calculations Radiated Field Power Required for Field or Distance VSWR Conversion Chart % .
Watts, B/ - 120 Power required if gain remains constant (in far 0.01 =10 centi C
Log Linear — Log dBA Watts aB = 10Log \ watts, dBuV/mto V/m V/m = IO(“/+) field using the same antenna and changing 0.001 = 107 milli m
Volts dBm = 20 * L Volts) + 13 the field level or test distance). " "
olfs 1o dBr m = 20 « Log (Volfs) + Volts ; V/m to dBuV/m dBuV/m =20 * Log (V/m) + 120 . VImnow)® Voltage  power Return  power Transmission 0.0000001 =10 micro | K
dB V -I- dB dB _ dB V _ 'I 07 Amps to dBm dBm =20 = I.Og (Amps) +47 dBA VOIIS dB = QOLOQ \Volts ; For Field ChGnge Wa#sNew: WaﬁSOId (V/mo,d)2 Reflection Reflected Loss Transmitted Loss 0 000000000] _ 10,9 nano n
pv 10 adbm m = abp _ : — 10 ($8A+20 Log (V/mqgr) VSWR Coefficient % dB % dB - =
Watts to dBuV dBuV = 10 * Log (Watts) + 137 - New V/m with dBA ~ V/M g, = 10( 2 ) (moforsny? 0.000000000000] = 102 pico | p
dBuA to dBm dBm = dBuA - 73 Amps to dBpV dBuV = 20 * Log (Amps) + 154 dBA Amps dB=20Log (Ampszy ) For Distance Change Waffs, = Watfs,, | ccies 32 }(3) i T HOO—T—00 : = — pap—
Watts to dBuA dBuA = 10 = Log (Watts) + 103 Field Strength 15 HEFE F oes I o - 86000000000000000000000000000000101= 10] — er: o ;
dBm to dBuV dBuV = dBm + 107 Volts to dBuA dBuA =20 = Log (Volts) + 86 _ * N aTr— V5w o (S Conducted Current Measurement Using 1.7 T ST I : = afro
Nowwalls widBa — Was,,, =10 (G810 II)OQ (retiam) Vym= YR e Vym = SR a Current Probe 19 310 100 bRLEC RS 0.0000000000000000000001 = 102" | zepto | z
dBUA to dBuV AdBuV = dBuA + 34 . . X 2 where reading is in dBuV and probe factor is dBQ or O : 35— T 90 I 06 0.0000000000000000000000001 = 1024 octo | Y
3 g g 3 Linear = Log New Volts w/dBA ~ Volfs,_ =10 ( dBA + 20 * Log (Volfssizn) Watts = m meree)” Watfs = mmeree)” BuA = dBLV - dBQ T % HHoy -
dBm to dBpA dBuA = dBm + 73 Watts to dBm dBm = 10 * Log (Watts) + 30 New 20 30 * Gain pumeric 30 10 (3%) A = CBR ) 40T e + 0%
Volts fo dBuV dBm = 20 * Log (Volts) +120 . dBuA = dBuV - 20 " Log () 23 s 20 70 s 00
Amps fo dBuA ABuA = 20  Log (AMps) + 120 New Amps w/dBA  Amps, =10 ( dBA + 20 * Log (Ampsge) . $ 2iasls
dBpV to dBuA dBuA = dBuV - 34 NG " dB; o Logg(g) 20 Ohm’s Law Power Required for TEM Cell 30 LE EREE I Connector Power Handling vs. Frequency
et for comverson o vollage curent andt power Based on 50,0 dB correction for distance change (antenna far field) Height of I(Cf;%;:z" in meters wE s HEE —158E1A —T-160N —T7BEA ——CType ——N&TNC
dB=20* Log ( distance 2) Watts= —————— 3.5 55T T 50 T —SMA —3.5mm  ——BNC e 292N e 2.4MM
Log —>Linear 30 distance, Power Required for GTEM Cell 40 5N o + 45 + 23 Watts (CW)
dBm fo Watts Watts = 10( 10 ) Height in of the GTEM Cell in meters w0E 0 FEE R
dBEV -120 . _ V/m *SepfumHefghf)2 * ﬂ 1 * qulati 4.5 S :: ::
dBuV fo Volts Volts = 10( =) Sine Wave warts= z e mosuenen 5.0 it I 35 R 10000 T~
dBuA - 120 . : mK - g
ABuA fo Amps Amps = 10(_on_> Voltage levels for a sine wave ss e B I — ~
(dB_Q) . T 6.0 50—__— 3.0 50— 3.0 N
dBQtoQ 0=10\20 Voltsgy =2 * Volts, ;= 5 * Volts,, Wavelength (1) : I T i~ ~_
Volf: ’ A (meters) = 300 1, (meters) = IS 3(5) 75— E:‘ 25 S ~ | N 158 EIA
VOItS ;s = ~2mok = * Volts,, fue 4 Frikz : : T me 0 T~ T
Log —linear V2 22 9 i 7.5 60— I 40 . — —
(dBuV-137) . o~ Period 3(5) T 407 4 ~1 T \\
dByv - 137 ;e _ . : T T q
dBuV to Watts Waltts = 10<dw‘\‘i 103) VOIfsAvg -2 VOIISpk B VOIISrms Time(s) = fI_Hz fry = _mIe(s) 19.0 80— E:‘ 2D ’EE 45 1000 e “----...,_}__‘ ] /8 EIA
dByAloWats  Wafs=10. 10 Volfs,,_ = 2 * olts,, 0 S e e ~—T~1— Tl asom
dBm to Volts Volts = 10( 20 ) 12.0 85— T F 3 e~ T ~C Tvoe
(dB“A_gé) AV I _ VSWR 14.0 b g oI 60 \\ N M~ e +
dBuA to Volts Volts = 10\ 20 pk =1~ ‘ i T HHHeF T~ N T~ [N&TNG
! dBm-47) Vims -4- VSWR given Fwd/Rev Power igig g0+ 10 204 7.0 t*\: \-. —
dBm to Amps Amps = 10 dB23 . v 2 v Term Conversion/Ohms Law ' e I 0% T i3 N \‘\::_“'»‘“‘*--..,,~
uV - avg == rov £ : P R ™~ ™~
dBpV to Amps AMps = 10( 20 ) ’ b Vpk-pk ! Caleulat I+,Ixzzszd 30.0 T 82 I 90 100 \""‘“--._\ = ™ S~ SM4
— ’ T T - B B
0 ! 1 27: 0 e eeseens , VSWR . [watts g, 4518.8 95— Giaz g 8:451 10— 10.0 '“‘:::: S~
Volt < : I o I ~—
iR Find Watts ~ Watts = Amps®* Q, " ettt EHEERE F ST —3ams
VSWR given Impedance (2) o0 nes 100+ gfl\ o g
— : i - * * S~
V= Vpgesin 6 Find Volts Volts = Amps * Qv watts *Q 257, VSWR = %} ~2l ""II
‘/W, Volfs 10 |
Vo =dmmm e Find Amps  Amps=+V @ Q Zi>Z, VSWR= TL 0.1 1 10 100
Frequency (GHz)
Conversions for 50 Q2 Environment
Antenna Near Field/Far Field Equations Antenna Factor (AF)
| | | | | | | | | | | | I | I N )
AF=20"* Log (MH2) - Gain - 29.79
. __A !
160 150 130 120 110 100 90 70 50 30 10 -10 -30 When Des<t: 1=, ;
dBpA I I | | % | 0 I I | ¥ 4 AF=20* Log (MHz) - 10 (Gain,,__.)-29.79
., 2+D?
s BRI 1 R TR - < < I' <o il EATAIRRY < = AN - = = o i 'I“ RN I"" il I"" il I <= T
P III (AT I SRR I j TR RTANT I 100 Il III III III M I b I IIII III III (A I IIII III NI I A IIII LTI I {o LAY I AN I I loo III III III III M I Where: _ _
4B [ [ [ [ [ [ [ | [ [ [ [ _ for field dist . ) Flnd Antenn(-] Spot Size, Beam
pv 1s|30 1£|so 17|o 1? 1?0 1a|10 13|0 12|0 11|o 1(|)0 9|0 7|o 60 5|o 4|o 3|o 2|o 1|o I) r=1armneld aisrance in metrers s00 Width and Distance
A = wavelength of the radiating wave in meters =-5-=—=2% g Angl
1111, RGN SRR 1| ok II aRTRH = < o1 AN - = = 2 I il IR "'I AR “”I il “”I il e i ] [N
Volts jil[]{]]] . il III e A 10 II III i TR Ml II 1 it il III III M | Ao i III Lt ettt i III III III LR EARE | It | il TR L S P O O e g e e R
| | | | | | I I | | | |
gem | | | | ][]l ][] I 31T 'f° I I I I o ] T e Aot on' S22
2 * distance
| 'I | AR ||| | II"”IIl 1| il II" i | | I” it | | II L II" - I -4l II" i 1| g | II""”' il I' [
Watts ] TN II IIII IIII III III | kII TG IIIIIUII | MR MBI IIInIIII A L LT ) RN III III I ) [ IIII III I uI |l IIII III IR III IIII IIII IIII III I IIII III I III I {0t IIII III I () LT (L III II L IIII III .

rf/microwave instrumentation



