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The period of wavelength occurrence is 1. 06 L =123nm g -L

3.5. - Energy, wavelength, frequency: l/w')" v E- ((6-'626 X107 (-34)jxs)x(3.0x 10" 8m/s)) /(123
o do x 10~ (- 9) m)

Electromagnetic energy is often referet to EM radiation. It =((6.626 X E-34 )) x (3.0 X E8)) / (123 X E-9)

is a form of radiant energy which some electromagnetic - E 0.161609756 * E- 35{

processes release. - " P - P w——
https://en.wikipedia.org/wiki/Electromagnetic radiation ¢ 3 Lt

In equation form, this is: 3.6. - Voltage gain / loss — alculations

In equation form, this is:

=(hc)/L
VdB =201log (V2/V1) (E dB=20log(E 2/E 1))

E = Energy

h = Planc's constant 6.626 X 10 A (-34)J s = E-34 Js dB = Decibels

c = the speedofhght30x10’\8m/s—3E® V = Voltage

L = Lambda, the wavelength = typically higher voltage (because we are looking for
a delta or a change)

Example: V2 = typically lower voltage
How much energy does a light with a wavelength of
123nm has? Example:
dB =20 log (V2 /V1)
E=? dB =20 log (3000mv / 1000mv)
h=6.626 X 10" (-34)}X s 35 dB =20 log (3) (log =log 10 (3) = 0.48)= 9.5

c=3.0x10~8m/s
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L =123nm Example: W as compared to 1 mW
P dB=101log (P 2/P 1) =10Ilog (I W/IE-3 W) = 10 log
E=((6.626x10"(-34)1xs)x(3.0x10"8m/s))/ (123 (E3) =10 *3 =30 |
x 102 (-9)m) Answer: 1 W 1s 30 dB more than 1 mW
E=((6.626 X E-34 ) x (3.0x E8))/ (123 X E-9)
E=0.161609756 * E-35 | dB is used to measure a ratio or a factor

3.6. - Voltage gain / loss — decibel calculations 4& W d@
In equation form, this is:
! AW {]
gt

VdB =201log (V2/V1) (E dB=20log (E 2/E 1))
. : [b { / Dr ‘m( ( 09_,
dB = Decibels -
V = Voltage b? 4 O 40 /7 0

V1 = typically higher voltage (because we are looking for
a delta or a change) [_{ 4 0 q
V2 = typically lower voltage 700
Example: EZ 700 l 7
000 | 20

dB =20 log (V2 / V1)
dB = 20 log (3000mv / 1000mv)

dB =20 log (3) (log =log 10 (3) = 0.48)= 9.5 B?O&O 3 Z | 3

SCREENS 13-14 OF 22

10.18
. L 0O ABOBR 5910005













6 S )\/( gfa\fo?@f




fwb\ O\ \
= 2odbin

+ — 64@

Gr‘ (SA&

FDSQSE;";
o, =~ 168,

2 —

s

\ -—-N{‘vﬁu&{kw@
5 &G —QOloj(WQ

&/QK;‘«\Q / Ff’ SNQ
v | -%E

01 Wy | =€
L.
€ |6g.170)

~G 4
S 443




B Propagation Models anc | B |oTSec:Managed Wifi ac | B Radio propagation equa | ' UNIK4700/UNIKS700 Sig | W' 6452553 Vicsek Fractal £ B3 Radio propagatione X | + - X

é > O ’ cwiunik.no/wik l0_propagation_equation ﬂ{ — [Z @
" NoW
otherwise N W + Nijterferences Where Ny = kT with J:p; as Boltzmann constant and
1y as temperature in Kelvin. d@ ~4. T

Q

¢ -
db Shannon - formula SAMR N loaz )0 0.2
1hw

— 1.7
C=W ln,;')ll + P/N) [bits/s]  “7ap :g: e &dt( )&'0 24 n'L' }'L )Z(
Exercnses 2 O/} 2 20D n, = 32

» calculate capacity for W= 200 kHz, 3.8 MHz, 26 MHz, (all cases P/N = 0 dB, 10 dB, 20 dB)
» If the SNR is 20 dB, and the bandwidth available is 4 kHz, what is the capacity of the channel?
» If it is required to transmit at 50 kbit/s, and a bandwidth of 1 MHz is used, what is the minimum S/N required for the transmission

[source: Wikipedia, Telektronikk 2002]
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B Propagation Models anc | B |1o0TSec:Managed Wifi ac | B3 Radio propagation equa | ' UNIK4700/UNIKS700 Sig | W' 6452553 Vicsek Fractal £ B3 Radio propagatione X | + - X

é > O ’ ~wiunik.no/wik |0_propagation_equation * = [Z @

otherwise NyW + Nijterferences Where Ny = kp T} with fp as Boltzmann constant and

1 as temperature in Kelvin.
v log, v _~.tc

\ C
4 M)

Q

3 Shannon - formula SAMR
Thm =" -3 2 Ly (1) 24
; .

C'= W log,(1 + P/N) [bits/s] 220 m
N

Exercises 20)’4}-}8 20D n, = 32

» calculate capacity for W= 200 kHz, 3.8 MHz, 26 MHz, (all cases P/N = 0 dB, 10 dB, 20 dB)

= If the SNR is 20 dB, and the bandwidth available is 4 kHz, what is the capacity of the channel?

» If it is required to transmit at 50 kbit/s, and a bandwidth of 1 MHz is used, what is the minimum S/N required for the transmission

[source: Wikipedia, Telektronikk 2002]

g N

Comments

1.22
ABOBR 5910005




B3 unika7oom X | B loTsecManaged | B Radio propagatic | B UNIK4700/UNIK | & Friis Equation - ( | B3 Larstundheim-Te | B shannon equatic | B Radio propagatic | -+ — ] X
é— %> O ‘ cwi.unik.no/images/7/79/UNIK4700h15-RadioPropagation.pdf ‘jf{ ‘ — z @ DO
October 09, 2015

20151009 Propagation.notebook

/) }_fé_t--éf——m#”ﬂf__(f S Lo ﬂ@@ lk( PO uns/

el AML, T S,

11.50
ABOBR 5910005

i) 6 Wi



B3 unika7oom X | B loTsecManaged | B Radio propagatic l B UNIK4700/UNIK | S Friis Equation - ( | B3 Larstundheim-Te | B shannon equatic | B Radio propagatic | -+ = X
é - > O ‘ cwi.unik.no/images/7/79/UNIK4700h15-RadioPropagation.pdf ‘jf{ — IZ Q

20151009 _Propagation.notebook October 09, 2015

gh@nnom

11.50
(h o Q w§ A DO BR 5910505



B3 uNIk4700h15-Rz | B loTSec:Managed | B Radio propagatic | B UNIka700/UNIKS | 8 Friis Equation - ( | B Larstundheim-Te | B shannon equatic B3 c2-outdoor X = + - X

< > O ‘ cwi.unik.no/wiki/C2-Outdoor W

(Source:R Raekken, G. Levnes, |elektronikk)
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N
>

why almost equal distribution? What effect?

SBETSI urban pedestrian

Outdoor to indoor and pedestrian test environment, based on Non LOS (NLOS)

Base stations with low antenna height are located outdoors, pedestrian users are located on streets and inside buildings and residences
TX power is 14 dBm, f = 2000 Sl MHz and r is distance in m

Assumes average building penetration loss of 12 dB -

Path loss model: Lyegest = 40logr + 301log f + 49 [dB]

38COST Walfish-Ikegami MQ'.}G-L )_,\ -( f M H 33

» taking into consideration propagation over roof tops n, !
» assumes antennas below roof top
« Path loss model: Ly ooft0p = 40 l0g (r +20) + 24 [dB]

$LAlternative Street Microcell Path-loss

Outdoor propagation, consists of "adding of paths"

¢ is angle of street crossing. ¢ = 0.5 for 90 deg crossing
k 0=1andd_0=0

47d,

Path loss model: [, .. = 20 log

[dB]

s

illusory distance d,, = k8,1 + d,_q1withk,, = k,_1 + d,_1c
JEETSI vehicular

» larger cells (typical few km)

» TX power 24 dBm for mobile phone, transmit antenna height /\ /; over roof top (typical 15 m), distance r in km, f = 2000 Unik/MHz
11.57
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» slightly hilly terrain

of = ’ | | : 1 ?

Frequency=V-1890MHz—~

=20 |
b7
=40 | =17m, a=0.042 dB/m
@ OJB offset
-60 |

=6m, a=0.082 dB/m
-807 deB offset)

)
B,
= -100}
a
= 120 | Hp,=3m, 2=0.080 dB/m
Egde offset)
-140
-160 | — - Free space (Lo)
* Measurement
-180| — A.exp(-ar) + Lo
Total PL Model
-200t| ©O Discarded meas.

|

100 200 500 1000 2000
TX-RX distance [m]

(Source-Tstvan 7 Kavacs Ph D.Lecture,CPK, September6, 2002, p.27/45)
http://cwi.unik.no/wiki/File:Kovacs1890MHz.png
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