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Jameel Tawelh CWNA
About CWNP and CWNA:

CWNP: is an abbreviation for Certified Wireless Network Professional
AL sl s 8 Glaledd Glilatial 5 canlad zeali o &) sl CWNP
vendor-neutral program 2bs 8 CWNP 7l
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CWTS: Certified Wireless Technology Specialist
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CWNA: Certified Wireless Network Administrator
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OSI model, IP addressing, PC hardware, and network operating System

CWSP: Certified Wireless Security Professional
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CWDP: Certified Wireless Design Professional
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CWAP: Certified Wireless Analysis Professional
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CWNE: Certified Wireless Network Expert

AL Sl (8 3 sul) o) all yiixi s CWNP gl g (8 5 e e f 2

CWNT: Certified Wireless Network Trainer
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How to Become a CWNA

The information for the exam is as follows:
=  Exam name: Wireless LAN Administrator
»  Exam number: PW0-105
= Cost: $175 (in U.S. dollars)
»  Duration: 90 minutes
= Questions: 60
=  Passing score: 70 percent (80 percent for instructors)
= Available languages: English

= Availability: Register at Pearson VUE (www.vue.com/cwnp)
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CWSP,CWAP and CWDP &l jlue &3 alal il CWNA - (2 lala aay

Security Analysis

WEE

Exam Objectives

Subject Area % of Exam
Radio frequency (RF) technologies 21%
802.11 regulations and standards 17%
802.11 protocols and devices 17%
802.11 network implementation 20%
802.11 network security 10%
802.11 RF site surveying 15%

Total 100%
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CWNA

Radio Frequency
Signal and Antenna
Concepts

IN THIS CHAPTER, YOU WILL LEARN
ABOUT THE FOLLOWING:

¥ Active and passive gain

v Azimuth and elevation charts (antenna radiation enve-
lopes)

¥ Interpreting polar charts
¥ Beamwidth
¥" Antenna types
* Omnidirectional antennas
= Semidirectional antennas
= Highly directional antennas
= Sector antennas
* Antenna arrays
= Static Beamforming
* Dynamic Beamforming
* Transmit Beamforming
¥ Visual line of sight
¥ RF line of sight
¥ Fresnel zone
v" Earth bulge
¥ Antenna polarization

¥ Antenna diversity

¥ Multiple-input multiple-output (MIMO)

dolphin-syria@hotmail.com 1
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* MIMO antennas
* Indoor MIMO antennas
* Qutdoor MIMO antennas

¥ Antenna connection and installation
= Voltage standing wave ratio (VSWR)
= Signal loss
* Antenna mounting
= Placement
* Qutdoor mounting considerations
= Indoor mounting considerations
* Appropriate Use and Environment
* Ingress Protection Rating
= NEMA Enclosure Rating
* ATEX Directive
= National Electrical Code (NEC)
= QOrientation and Alignment
= Safety
* Maintenance

¥ Antenna accessories
* Cables
= Caonnectors
= Splitters
= Amplifiers
= Attenuators
= Lightning arrestors

* Grounding rods and wires

dolphin-syria@hotmail.com \
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(Antenna Radiation Envelopes):
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o e dasila 3 jlai jelas elevation chart, labeled E-plane gl ¥) hhis
gLl
In either chart, the antenna is placed at the middle ot the chart.

=  Azimuth chart = H-plane = top-down view

Elevation chart = E-plane = side view
& sell (5 Y 5 LEY) Jiai Uale Jaladall dua LAl 48l
Com A8 ABe i Jiay s 3230 5 A8 (e s siua s of ABluall Jiay ¥ Jaladall
omnidirectional antenna 4> s« & sl s Jull kil

FIGURE 4.1 Azimuth and elevation charts
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$2403BPX
2450 MHz
Azimuth/H-Plane

180°
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52403BPX
180° 2450 MHz
Elevation/E-Plane

Interpreting Polar Charts:
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FIGURE 4.5 Antenna beamwidth
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Beamwidth calculation

Table 4.1 provides reference information that will be useful as you
TE learn about various types of antennas in this chapter.

TABLE 4.1 Antenna beamwidth

Antenna types  Horizontal beamwidth (in degrees)  Vertical beamwidth (in degrees)

Omnidirectional 360 7 to 80
Patch/panel 30 to 180 6 to 90
Yagi 30 to 78 14 to 64
Sector 60 to 180 7 to 17
Parabolic dish 4 to 25 4 to 21

dolphin-syria@hotmail.com VY
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Antenna Types:
el &) 5
Ll gell Ay Cldaiias EOE Slla
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Omnidirectional Antennas
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Figure 5-6 2.14-dBi Dipole Anrenna (Rubber Duck)
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(a) Dipole Antenna Model (b} Dipole 30 Radiation Patiern
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Omnidirectional horizontal radiation vertical radiation

12 dbi gain
7" vertical beamwidth
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FIGURE 4.7 \Vertical radiation patterns of omnidirectional antennas
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Sar SV )l 5d Clgad) aaaiall ) sl High-gain ominidirectional antennas
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point-to-multipoint configuration
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Improperly installed omnidirectional antenna
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Semidirectional Antennas:
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»  Panel

»  Yagi (pronounced YAH-gee)
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planar antenna 48 i1 Caiaty a5 dasslll 5 dasiall Patch and panel
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patch and panel zlhias alasin) il (0
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Patch/Panel Antenna

O .
| Y &

Directional horizontal radiation vertical radiation
5 dbi gain
75" H beamwidth
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The exterior of a patch antenna and the internal antenna element
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/
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\*%
Q.

w Ay

Directional horizontal radiation vertical radiation
10 dbi gain
55" H beamwidth

FIGURE 4.11 The exterior of a Yagi antenna and the internal antenna element

dolphin-syria@hotmail.com AR



Jameel Tawelh CWNA

68<78 Degrees at 900 MHz 1

2880 Degrees at 2.4 GHz

(a) Yagi Antenna Model (b) Yagi Antenna 3D Radiation Pattern
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120 —1 . 80
150 150/ v %0
180 + 180}——3 E ,

. D 0O W 20

\ \ L/\}!E aB
210\, o 1o /330 150' b /30
5 ¥ : : _Pria270
z‘d‘ — = o -“m fﬁ —— 1 = ..-'m
270 90
(c) Yagi Antenna Azimuth Plane Pattern {d) Yagi Antenna Elevation Plane Pattern
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panel antenna J giy) Jaai oia g Sl (<&

Radiation pattern of a typical semidirectional panel antenna

Model S2407MP

2450 MHz H-Plane
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Highly Directional Antennas:

LA\.:J\ 4\_\;).\]\ Cald L_mh.a\}@J\
3 S Cldlow pomt -to-point &3baj ‘; PRENVY LA\:J\ doa i) Gl il gl
\hdmuﬁuaﬁ)ojuﬂ)ﬁ‘)ﬁ}wyuu\)@\a.lds

1ole 5 Ll
parabolic dish antennas and grid antenna

[Iﬁ*

uﬁ eailwd\ Lj_’a\}gl\ Ay (Al cﬁaﬁ\ 93 Al L}_’\\)A: parabolic dish
Jobal s e 5 5a 54l digital satellite TV

Parabolic Antenna
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—_— e e
YAN P =4
Directional horizontal radiation vertical radiation

20 dbi gain
12.5° H beamwidth
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(o el oy g Ay glall VLAV &) ) (8 50 Sy andiien g ladll ) sl
Outdoor 802.11 network

Antenna Arrays:
‘a8 iaal) L) gell
beamforming @ iz Lo (e sil Leiazy ae dnada ST 1 (il 8 (e A sana 2
45030, A8Uall S 13145y e 58 :Beamforming
DS 0 5S5 maaall )5 L) A il 5 5 LEY) o8 A8l saly )y ey 3 LEY1 S
: beamforming (e g5 &30 llia
=  Static beamforming

=  Transmit beamforming

= Dynamic beamforming

Static Beamforming:
Culd ¢ la) Jaad (el dgan sa LG g aladiin oy 45 lall o2a S
43S e Al (g @il anill Lpaany ae et 4 go LS g8 B30 pladial o
indoor sectorized array J Ul xlaiadll s Static Beamforming
indoor sectorized array solution =i Xirrus A4S &
daja JS JSAD 8 jelay LaS Badata dpe Ul 4k ja (B1AS] A g0 L) g8 padild Al
Adfaie ye Ao i Ll Gaiadd daellad
Lasl 380 degrees (chxil Gl ga 8 andins ol a3
45 degree s (a e JBY e dlla o Gaay s S () ani 360/8 Ay
roaming Juadl Jsad (e il Jav S8 Alaaie il sell 5S35 o) caa )l 1)
o S IS WLy (2l 4 daall iape (e ila S JAIS 5 degrees
55 degrees
deall ua gy Ald 8,12 or 16 s Indoor sectorized array solution
high-gain coverage =l &dle 4uhad 360 degrees A s 4xaisa il sell o2a
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Static beamforming—indoor sectorized array

Channel 6
Channel 1 Channel 11
Channel 6 Channel 1
Channel 1 Channel 6
Channel 11

Dynamic Beamforming:
e UK 5 2ama ol Ay )l ALY 3 S o
JSG g dea S ) dus (4 static beamforming Jis 4 Dynamic Beamforming
Oy O (S 3D £ LY ol Led Dynamic Beamforming oSl 5 LaY)
:\.L:Mdﬁ’é‘)\.&;\ dmﬂijdl.kdm&i (s \.JAJJLE;\JJ\.L;\
i) 5 AaiBle il g 48 sian a2i%y Dynamic Beamforming o8 JS&IL jeday LS
5 ASAll Ll sedl smart antenna awls Ca_as 48 sda ¢ Jiiuall dga da jall sl
beamsteering
o AS Al Leain Al Cuiy g eV 8 408 538 ey dad aa) 5 A4S 55 Wl
Ruclcus wireless
addiuall (8 yla 85 4 gl jue AEl) oda

FIGURE 4.16 Dvynamic beamforming—adaptive antenna array

Active beam
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O Agall Bas s Aals Al S andiiee IS dga A all S 5 o (S 4l o2a
Downstream unicast transmission axiuall y Cuiy g3 anSY!
& i) Jaaty Ju 3 o s 438 beacons Jie broadcast JSd o i by a s sl (SU g
IS ae i) aabaiasi iy oo unSY) Sl ominidirectional ilead) 2aeial
Gleall IS5 s 0 sa sall (peandiinsal)

Transmit Beamforming (TxBF):
gy sl Jal e multiple phase-shifted 4 sk clal b il Ll sae aladiuly &5
O Jua gl ainy (g2l a8 gall & @l 5kl 438 5ia jn-phase 3)LEY) duai
4 3 g go Jiiuall
56l gl aas iy ¥ TXBF (8 dynamic oe <alide S
535 ga e 4on gl A s Liled
e (BB A ) dallae 4085 & Aiia Al ga 408 Gl o4 TXBF 4ddall 8
Jlu Y
de gaxa o Jpanll Caling )l aaly lga o e (e 8T8 LEY) fusd o Cus
Ol Al pall I HLEY) ) shay dgliey oSl S5 (S5 JLEY) Slea & SILLEY) (g
4 s Al sed (Al iy S5 )l
JuayY1 3 L) ) shal Jaawsi g lasia dilee 4 Transmit Beamforming
Transmit Beamforming (» (ze ¢ <86 802.11n Jaa=dl)
s Implicit TxBF
== Explicit TxBF
Dhie paad (e Juieal) (St JLsiunY) Coyh 8 e se e U sSS O Gaa ity phall SIS
3] S 4y slhaall 4y ) shall 4al HY)

Visual Line of Sight:
dagaie Jia b aiue i e o JESY) Gl 5 AY Al (e ¢ saall Jiiy Ledie
Visual Line of Sight (LOS) < <8 _a aiuall Laall 1aac (83l 5
dade e JuadVl clad sy e 2 LOS O 4 g3l ) Ylasy) s

RF Line of Sight:
Ol sel) G s a5 Y o sy point-to-point <YLl A
O Gl 0 (A Jlis 355 (e XU & point-to-point aUa S il 5 ghd J
C_\Md&m\dhaﬁ‘)“d@u\s‘)r_ Jaa Jaaldl & guale ONJ..\B‘}@J\
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Ailaiey Ciyat Aibiall o34 (33l gall e AMA L85 o ay LOS Jg Auilia) dilaie llia
Frensel zone Ju
RF Line of Sight & (Al a5

Fresnel Zone:
W\J@\w)u‘hjmm&ﬂy‘eﬁn oﬁdﬂum@&u})duﬁkﬂ.\

First Fresnel zone
Second Fresnel zone

Ji b Ghbie (o oie e dae lia Ll

first Fresnel zone (e dahia 3l

second Fresnel zone (i 4uUll

Juai¥) o Ja8 il Ll alalid) 3L

Al Al S (A1 i dsdaie JAls (Foa Bile O ) ia) Gile s IS 1Y)
1 Jlai¥) Al e L

Crl sedl O Bse 3 sm s Gasmay Caany (o ¢Sy i s (elSad) lia AiLaYL

dahaie JAI) 2 ga el Blall jue i Ladie e gl el o (San 4o gl 1) 5 LAY
San sl o sedl Ao gy Aliall Ay g0l I ALY ApeS e Ol 5 LA aclal 13 ¢ Jiy 8
" Juai¥) Aplee 8 L8 i

1 mile 4dludl dlia gl o Jull (<&

O sedl (538 pe g il bad s (5 slal) Lol

Y1 Jud ddlaiad o) Caaill (e 60% eday dasiall Jadl

s Ji 8 Aakaial Adand) 3 goall el dadie yuall ) Ll

Dbl Jsba e @ile JSE5 O Say laiY)
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FIGURE 4.18 60 percent and 100 percent Fresnel zone clearances

1 mile

Ju s dihaie (4e 40% (0o ST saxiy Of o (Y e () cang ¥ Gk ol cans
outdoor point-to-point bridge link <Suay & <llay 1Y)
Juai) adaiy of Sy 40% e ST 65
YU\MJJMJX\;\J\MU\USMM\A4O% ds\d;\.d\utsjj@;
oY) Ju b dahie (10 20% (e ST G slay
s Gl U8 of (S a2l b s
5 s sy a5 e@-ﬂj‘wmf\ed‘ 3 J@Y\@«Jﬂﬂ\-@ O S A Gl sall
¥V s dahie ) Jeait o Sl 5l el ) oSUl g 50 IS5 5 Alia s
Sl dad Jaud Jagd il g cleall JS 853 9a g0 Ji 58 Addate o s Y
138 A3}l (Ao YD gt and ) (el ol a3 lile Cuny iy 58 Akt b (Ble 2a s 1Y)
il
Db Caal Gla dlile Cang Jiy 8 d8laie ) Joay @l OIS 13) Lad 85 o)) et
Comial) A b il i Conend a5 3y @l Al Alabaal ¢ i 8 dilaie
) S Lo ST iy 8 Aalaie oS3 Adasill 038 die g il sedl O

radius = 72.2 x 3 /|D + (4 x F)]

D = distance of the link in miles

F = transmitting frequency in GHz
O caatial) ddads 8 ellh g 58 ddhata (e 60% e Al e 20U Aalal)

/ Ol sed)
Gile gl (e Lol A0 ()5S () g Al Bl 08 60% U 02a
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radius (60%) = 43.3 x| [D + (4 x F)]

D = distance of the link in miles

F = transmitting frequency in GHz

alay & Hhadll Coial lowad (pilalaall ¢ 2ad g cue Lagd (Sl (pinda (ilalaall DIS
K Lo ST Jiy i dilaie ()55 atie 31 Caalial
uaﬂ\@mosg;\}g&&uz)\ i gaﬂeqﬁ%oi@uﬂqu\m@"m\gﬁ
Jals Gile IS i Y1 daw 8 a5l 138 e 8 £ i) e 3l sgll Cannia s 13
Juaty) & L8 g Ju i dshaia
Conatial) i b ol K05 il sed) o Le S b (3305 llia (S 1Y) o AISa]
Al ¥l alascinly dhads ol 8 Ji 58 dihie had Caial s Qi) (g
Ol sl o Adadi (Y iy 8 Aahaie a8 Cheal Cilbua (e SSa3 2000 Alaladll
radius = 72.2 x \[(N x d1 x d2) + (F xD)]
N = which Fresnel zone you are calculating (usually 1 or 2)
d1 = distance from one antenna to the location of the obstacle in miles
d2 = distance from the obstacle to the other antenna in miles
D = total distance between the antennas in miles (D = d1 + d2)

F = frequency in GHz
10 mile 48 point-to-point link 4lay jeday Jull Jsal)

40 feet i) Wy J5Y) A sedl 0 3mile 20 Ao (Ulaidl) (835 llia
3 mile J) ddads A& Ju i dshaidl Hhadll Ciai dad
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N =1 (for first Fresnel zone)

d1 = 3 miles

d2 = 7 miles
D = 10 miles
F=2.4GHz

radius at 3 miles = 72.2 x[(1 x 3 x 7)+ (2.4 x10)
radius at 3 miles = 72.2 x (21 + 24)
radius at 3 miles = 67.53 feet

FIGURE 4.19 Point-to-point communication with potential obstacle

-----

40 feet tall

— 3 miles

10 miles

67.53 feet s Bilall dhads & Juy )4 dihaie Hld Ciuaiy 40 feet @ladl Jsh
¥ mhu e 108 feet oo Jo Y gl o S s o)) cang S sel

(40 + 67.53 = 107.53)
Lels 33 pal (e A& i Lo Joans S
Ll 8 60% le Jailaiy (33 5o Lo iy g dikaia J313 40% < e (o L )i 13
Gile sl o

40.52 4 67.53 » 60%

81 feet gléi)) Ao ()5S O e Sl sl

(40 + 40.52 = 80.52)
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Lirg-of-Sight {LCHS) -

Both wisual line-of-sight and
radio ine-cf-sighit (Fresned 2one)
are claar

Mear-Lise-al-Seght inL 0S|
Clear vesual line-ct-sight, but
Freanel zone i3 abstructed.

u'AJiY\91_'1;.'1\09u@ﬁﬂ&\)@\&ﬁj\gjdgﬁub)mcbugM\%
a3 jeally adasil) sda ji8liia

Tedal Distancs

F e

Fresnel @ 80%

3
[

- Earth Curvabura
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T e 1 (S
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dajall g ge o) Slsedl & 58 oo Rl (any 4ndl Ay iy 8 Addaias aaa
J#b&ﬁ)ﬁ?\@uﬂ&ﬁ&)dmﬂ\%dpw\uﬁGJJ\}MJ.\.JJS:\&LM
laall dass 3 L3 &= in-phase

skl dakis Led 5 HLEY) 06 a6V dahaiall dey dadaiall & 400 Jiy i dilai
Dxaall ddati 5 5LE) ae out of phase

MBJ\.&;\@ in-phasel.@_}é'éjw‘;(\ OS5 Ju yd shalia (e odd A &l dlae ) S
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&= out of phase le 3,LaY) 585 Jiy i 3hlie (e even 4 sl slacll S
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Lo Al a LSl o A0 31 Ay gl 5l 5 LYY 23 55 e Led A a0l 1) 5 ,LEY) il 13)
3 LA L) ol aneds ey O Sy ) shall 8 DAY 1 (8 out of phase skl
oSN sa Abia¥! 3 HLEY) ae ) shall (oA st N L) aa]
point-to-point 4ha s lua xie e YL 400N Jiy 58 dadaie 280 ) agall (e Gl
ke (pe A 03l ) 5aD GulSad) B jaadl L) Sl Sl sel g i) S 13
Gl sy Y Llle e Alia gl Camcay o (S0 18 el ) g slaily Al iy
Zabie 8 Juai¥) = Ma) ol bubadill die e ) Gee 325 o oy Al Jiy 3 diaie
o) yauallS il 5 dalavee
Ji 8 dshaie Jsh o (S dppnaal) dyiveall = ghasd) 3 g o it 0585 () an
a1 4G o iy b dddaie o) i Y o ang
t e e b ddhaie o o) S oo 2a 50 b
Helowd) (o saii ¥ e
D ol Al SIS ) g a5 6SE Gl (S point-to-point CSbka s (an
iy dahaial (o glall yladl) Caiail auinn ol Cang 30l VLAY o388 day yuall (3 5kl
Sl caddl Jala ¢ S5 ol (e point-to-point <la g
O g sl oda ¢ s AT Sl G < O (&as building-to-building 4l
Jdu 8 dahidd Jlal) Hldll Caay ) 4w
point-to-point <asl Ji i ddhia e (il JS oY) s
ot LSl 5 2 ol 5l VLY S 53 s s i i Al
Juai¥ & JSLie s o (Say Outdoor point-to-point
o RSN s Al (83 gall g ) jaad) (e 222l 2 5 indoor environments
Tl 8 Lage 150 aali Y iy 5d dslaie Ly Jfiail g aeliill g JLuSY) 5 (ulSasY)
alid o Juasy)

Earth Bulge:
:ub)\j\ ¢ Lia|
Jlie ) e 33U o casy long-distance point-to-point <Sua sl Gl i vic
Earth Bulge « <iyx L Llle )Y clia)
e g S ()Y eliadl A8l 2aa3 G Jaaiusall (e allall Jga Calias Zagdall oY
Gty I Alia )
Dhie VL G Y eliadl 2l G oaty 7 mile oo ST 0l sed) o Adlisal) cailS 1)
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o lall Ll sell aaliag (3 Slaay) syl Clead 233t o Say AUl dsladl)
u'AJY\ ¢Lial)

dolphin-syria@hotmail.com Yo



Jameel Tawelh CWNA
H=D?+38

H = height of the earth bulge in feet
D = distance between the antennas in miles

Cluny o585 () g
The 60 percent radius of the first Fresnel zone

The height of the earth bulge

The height of any obstacles that may encroach into the Fresnel zone, and the distance
of those obstacles from the antenna

oY) Jip sh Adlaia Hlal i (10 %60
oY) linil g ld )l o
el e Gl 138 aay Jiu j dilaia Ja13 06 o oSa ile ol gl ) o
é\}@\ &GEJ\ u@@u&\ﬁd@ﬂ&jw@ﬁgﬁﬂ\@m
H = obstacle height + earth bulge + Fresnel zone

H= OB + (D*+ 8) + ( 43.3 x|[D + (4 x F)] )
OB = obstacle height

D = distance of the link in miles

F = transmitting frequency in GHz

12 mile 4Ll point-to-point ddas yelay JUl Ji)

30 feet tall

6 miles
12 miles

30 feet &m‘)‘dw&.ﬁ:ﬂmﬁ\m‘;
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) o Jlai e Lasy a2 2 4 GHz 22 il <ald 3 LaY)
oY) e (358 A sedl adde (55K o oy (s g L)Y Canen 3000 Alalaal) alasiinly

H =30 + (122 + 8) + (43.3 xA[[12 + (4 x 2.4)] )
H =30+ 18 + 48.4
H = 96.4
Gaia¥) A4 ghaa je Y aleal) o2a

Aloa gl b s Jiy i At a5 cai Y1 e a8 sall (o el aa g
online JS&u 45 g3l )l

Antenna Polarization:
sl il dga Jlie V) Cpm AU O cang (Sl sl a5 die
Ladl o L gale W Cé,j_g G\,:\J\ Jas o )d G\y:\z\ sl iy Lanie

—
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vie iy L Wle i) Y indoor communication (8 age e UatinY|
5 LAY LulSadl
il )y 53 ilgall aaaia ) g Led iy oo (ansSY) alans
Low-gain omnidirectional antenna
o sale Claiinly 6 Le Le 3 sl 138
AL Gl Ll e LAy daaral) el sell ) secay o st 3 jeal aiias
53 O sSm lalall il sell Ml e sai A3LEN ¢ i i) lea i die
S ale Uagi
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3 985 L8 (5 sime ad AY) Cuiladl g Jadd aal g ila e 3 sa se DAY 138 (IS 13
i) Gadll dga ) sel) Ciraia g 28 (oS3 Gl Jlaial ellia

Antenna Diversity:

1l sell & o

Sl lasall 2223 ASEL) duia e ® indoor networks ald ¢ ASLOU) el

o bl s Bae aladiind ol sadedall Gl lasall bl Y1 eda o il e sac Ll
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Jlad i) gl s () oSy 5 Lgaimmy ilay a8 O Sy i) gl

S e Aol <l SN ¢y 5l Ll Ay gal 1) 5 LAY b g enkY) peua Ladic
ST 8y 3 LaY) Jifien Slsa gl aail il s

¢ sidl il switched diversity p2aiui 802.11n as 8 (il 5 5¢aY) alaes
Jazad¥) Jlaall cld 3 LaY e ddlise W Unay (&5 5 LEY) (i (pe o 2 Jliin) oy
Lellan) oy (s ANl JLEY) 5 o sl oy

receive diversity e it 3 L3 Jumdl e Jsasll sl 43 )k

L sYU a sians Jad aal 5 ) g (Vg Liayl JluyY) 8 a2y Switched diversity
lee 8 Alinue 5 )LE) Jumdl o ol saaaiall bl sel) (e (Sl sa Ry Ju all

) Al Jla,y)
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LS aa Gl g V) S a8 5 Ol gl e L 05 O g sl sl
(ST Adar (el Al glaeS duSlaia cilalaily il sl
S il sel) Jan s Juyall (& dliversity antenna aaddiul (e 43l S
0SS o cann Al gell (ym Adlisall § Adasrdl) didata (i (et Ll sl
’ Aasall s e (1/4,1/2,1,2)
Ll sl Tas Ay 8 Adlisall Gy Jlad e il sl dass () 8 Al () (K
0.00000001 mw (e Jil & dliieall 3 L3V eSO Zimaa e 18
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Multiple-Input Multiple-Output(MIMO):

"z lall stj\j xiadl JAA
diversity antenna (s 5_shie 4085
MIMO 4aail 8aaaie <l jlua 3 g2 g die ¢ Apadaill byl gell dadail e calise JSay
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Jiiiia 338 300 ) e aclon a5 <l HLaEY) G als de J geanlly e by 138
Aaliaall &l i) dAalles e MIMO

18 Jadlly Jradilly » 143 o g MIMO A

MIMO Antennas:

MIMO <L) sa

ol 802.11n 3] S 5 aal AL i) delainl 5 dalis) 3ab ) Aalall as
& L=yl (S5 indoor networks (4 hé (el 802.11n S i ¢ sale

Outdoor network and point-to-point network

Gl o3 JS1 age Jba 8 MIMO L) a

Indoor MIMO Antennas:

Indoor MIMO Antennas (=i Las sz i ) 8 llia ud Gale
oSV JS Ja1s daene il s Ll 33040 MIMO access point gbée alaes
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O iy AV 5 Lasale (35S0 il sl aal ¢ dgal) (s 8 il sel) (65 ) e Y
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Outdoor MIMO Antennas:
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el by J85 Jare e 320wl Gl jludd) indoor MIMO access point (4 WS
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Both omnidirectional and directional antenna
ralic zai directional MIMO antenna Osdlise (i )Ll i ol apkiul
S AV A sedl s 881 Cladinly oSy il sell aaf ¢ aaly g aua 8 Gl sg!
iy 53 oYL a5l Gailia gl ling sl ¢ 52 sale il
sare A aladinly Cilgal) asan Apkaxd omnidirectional MIMO coverage (sl
Clalai¥) sazeiall il sl (e duala 21550 Sy
2mie Al (e G sSa z 55 JS Special pairs of omnidirectional antenna
<88 Clhdily leall aaia HAT A sa 5 (63 sale Alaginly cileal)
saamie il g8 Jas i 13 4 il el e gl 138 alasiud Sl il (e
lelite L ga (o 33 () aay NON-802.11N A by g1 enS) e Slalasyl
de ganaS lae) yd a4 Gl gell outdoor MIMO omnidirectional antenna (s
s IS Qladinl (OB (i gl g Jshall (8 Adlian () 5S3
oY Unal) inall cy yidl o8 Gl et syaal) 15330 sda e allaa (S5 a1 13)
Lebiite g2 Y <l sl

Antenna Connection and Installation:
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ol 138 jeday Ul Jsaad)
TABLE 4.2 Signal loss caused by VSWR

VSWR Radiated power Lost power dB power loss
1:1 100% 0% 0 dB

1.5:1 96% 4% Nearly 0 dB
2:1 89% 11% < 1 dB

6:1 50% 50% 3 dB

slatly Chale ¢ Coulail 38 gall (he 5 50 dueS ) S 138 ¢3S YSWR wilS 1)
Al el 5LV JUae ol Al ASEIL 138 5 Jus ol
Juaall 8 g return loss 82 s2d) 3 )lud e 3 jLudll s2a
52500 (ulSaiy) A8l (e cane Ju el S0 Al 130 Jusyal) 1) 3 gmias Al Z3LYI 630
Jhaiy g s yall ) 21335 o s
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4 slate 4SLU)
(38 yall uiSl) ands o caag S15 50 ohms Je slie Led 4SLOU ClSWil) Cilaza alase
Leil 5 ramaa U5 a gl e Sy il ge B daliae il Ko Joa i Ladie
N S By ke

Signal Loss:
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gl s SN (e ald & g8 g5 o ang Slb Gaiail ¢ 3l sell aluis Jus yal
13} s A 5 dand ) Cilaee Cueadial 13) ¢ A sedl ae Jas yall Jua sb Qo) asesil) <l
Lo Uil (g0 Jib Jamis iy g9 QansSY) (8 ramia IS5 ) gl Jaa st 5l S i o
R
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Antenna Mounting:

) sed) S
Lol 3 sel) S 3 die eV cpmn 380 G Cang ¢ s g ) sel) rsaall (S il

4l

Placement el -
Mounting ) Sl -

»  Appropriate use and environment Cppdiall 200015 ?\Aﬁ“y\ B
| SVl sl -
Orientation and alignment LWL -

v Safety Lleall -
Maintenance

Placement:

el 1 g g3 e adiay A sel) a8 g 2aa3

) 5ed) 138 aa s sy omnidirectional antenna Sleall daxia ) ga (S i vie
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Indoor Mounting Considerations:

LAy sl G e
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Outdoor Mounting Considerations:
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Appropriate Use and Environment:
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Orientation and Alignment:
ki) g 4as 5l
gl il 5 o i el a3 (8
directional antenna 4> s (&l 98 S i die Liald 5 daga milalll o2a
O CRay Y 5 alida Jili g 8 A ja e Al (6 O (S 4 el ) sedl O Ly
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Safety:
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oilad) CPR s 4d oY) il (Jau".x Zoaly LS RF safety e g el GEludll
o s B

Maintenance:
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Cables:
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ey Cig 2.5 GHz 2251 axiiul 13} 100 feet of LMR-400 cable i
6 dB _laier 3 LI 5 lud

dolphin-syria@hotmail.com €4



Jameel Tawelh CWNA

FIGURE 4.21 Coaxial cable attenuation chart

Times Microwave Systems

LMR Cable\Frequency 30 a0 150 220 450 900 1,500 1,800 (2000 2500 5800

1004 3.9 5.1 8.9 10.9 15.8 22.8 301 33.2 35.2 39.8 64,1

195 2 2.5 4.4 5.4 7.8 1.1 14.5 16 16.9 19 29.9

195UF 2.3 3 5.3 6.4 8.3 13.2 17.3 19 201 22.6 35.6

200 1.8 23 4 4.8 7 8.9 12.9 14.2 15 16.9 26.4

200UF 2.1 2.7 4.8 5.8 8.3 11.9 15.5 17.1 13 20.2 31.6

240 1.3 1.7 3 3T 5.3 7.6 9.9 10.9 11.5 12.9 20.4

240UF 1.6 21 3.6 4.4 6.3 9.1 11.8 13 13.8 15.5 24.4

300 1.1 1.4 2.4 29 4.2 6.1 7.9 8.7 9.2 104 16.5

3J00UF 1.3 1.6 2.9 3.5 2.1 7.3 9.5 10.5 111 125 19.8

400 0.7 0.9 1.5 1.9 2.7 39 2.1 a7 & 6.8 10.8

400UF 0.8 1.1 1.8 2.2 3.3 4.7 6.2 6.8 7.2 8.1 13

S00 0.5 0.7 1.2 1.5 2.2 3.1 41 4.6 4.8 5.5 8.9

S00UF 0.6 0.8 1.5 1.8 2.6 3.8 S 5.5 5.8 6.6 10.6

600 0.4 0.5 1 1.2 1.7 2.9 3.3 a7 3.8 44 7.3

600UF 05 07 1.2 1.4 2.1 3 ) 44 47 5.3 8.7

900 03 04 0.7 0.8 1.2 1.7 2.2 2.5 2.6 3 49

1200 0.2 0.3 0.5 0.6 0.9 1.3 1.7 19 2 2.3 not supported
1700 01 0.2 0.3 0.4 0.6 0.9 1.3 1.4 1.5 1.7 not supported

5GHz 230 ) 204 GHz 22 il (e clamsl 13) ¢ aa yill aba 3l ala j aeddl) -
ST (5SS A (3l) Aol

il o gl CUS ik jaliad Ol ol Lelaa g5 Leadad J8 SN (g iz o Wl -
(St il ¢ sSi Jaal) 6 i) Jpm il
Alia ol ddliza) 3 Hlud Caucars connectors <Sha sall (sl (s il
Alle sasa ) JS ol al Ll il Alay) o il (e 58 il 13 5 &y g0l )

Connectors:
AL ISl sy il sedl Jaa 51l addisd COla gall (e 3200 &) 53l
Gl Gleduzadl oS5 ol callay FCC Report & Order 04-165 o s <lly Cilaad aal
L2 e il il sl aladian) il @l g g SiS1) i QUi ) dald cdla ga Ll
; Lz sane il
by ) el e sy ld Gl ga Jeay (e Wl adadl o g Glllatiall s3a
e eabae W) aall slai o Sy de giaall  Jlad) gl ld il gl
@) 5| FCC 8 (e 42 7 saudll equivalent isotropically radiated power(EIRP)
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Antenna conneclion lypes, ..

RPF 5MA Male

SMA Male
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st courarmaan in WY

Comman in 24GHz CCTV
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AP TNG

Systpms

MC MCX MWCX L-FL

T P L L E DL 2

' pigtail cesd Aloay slady COUSH | grivak a8 o 5l 13g] dlaiud
Ul JS 8 Adline Olasas (2 feet M) JSII (e yual ¢ ja 0S5 Lole Pigtail
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Ayt gl e Y ASEN S je J8 (e ) Blsgd) JB (e padiud A

edT g Gilad Jill e are Sl ae Xt o4 g Silarall Bl Ak glaal dliles (G 5SS
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dolphin-syria@hotmail.com o



Jameel Tawelh CWNA

M@\Pwahﬂ\ ¢ VSWR JSLie (il daddial) 82 gadl Cld EBla g4l
3‘)\.&:}“ JUadl 13| WES d:‘.-.‘“.-.m

Splitters:
| | g s
Al a5 A8l ¢ jsa sl 5 gl Hl 22 5 & Gsa sl B LEY) £ ) san Liagl o jay
signal splitters, RF splitters, power splitters, and power dividers
ST ) Ganad ) e 559 A gl 1) AUl 230 ¢ 5 gall
i.h 2 =

L i ! i i
PE-WIEF S P oG L 1 ]
: EATT lmmime eSS E e
Hikh =wn _mbols o=

#iFl WPz EEE WA

('3 TivT

T

CRETAE S el T
DEET TS " S N Ea BN 8 1

i TR ——— —= ‘
mEL s -..

0 1 el AT E AT B R wee L T

FFEr T T TTITATOY

Lo il a5 5 i€ 13 ¢ el AaRin Aala () 5S5 CYAD) imns 3
120 degree (b ) ga IS5 duelad L) ga S bl IS 1Y) ¢ sl g Slea e
DA il sel) s LEY) £ s g Sse S Aalay Jla

s Olaatill 138 5 o) dal O L) Crand Y i Cogus 5 LEY) £ ) sall aladin Caa
Al o2 oy 3 LA 4% )Ll Cacay Ca g Jaga dethrough loss (s 3yl
dhaad o S Adlise JSLEe Bae aa

dolphin-syria@hotmail.com oY



Jameel Tawelh ; CWNA
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CJJ(JA}SQ\MAM\A\ SBJL&:}“ )ﬁﬂﬂd)ﬁjmwdwﬁ@‘)w;&@\)@i\
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zl 35 o OSen LY Lwlatiuly meaiy ¥ (S5 jnie ) ld ladiae Ll g
IS e A8l mual ) A Al sl (i ol Al coladaiall oyl 8 (3 A (o syl
Adize £ lailS 1 watt abael an e 40 gl Cladaiall o Lag

intentional radiator (IR)
aduzaal Gl yiaie Gl SN 3 jlud (o g sa Ciledicaall aladinl e bl Caagll
el ) oS e Bl A i o e

A0 ghall LS e J81 5 el s 5 yuadll il el <L
5L Bad saly ) () ALYl sl 4 3 Cladizadll G Gogrd Gl agall (1
S8I 5110 dB @ gaall & 3 o) Sy adazaall (8 5 0l VA g

Anfenna power out

Antenna gain J 300 miW
Access point of 3 dbi
Power at antenna
100 mWw
Input Amplifier Output
100mw  |+3d8B 200m
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Attenuators:
") dadall
s sel) e Aniiall 5 HLEY) AaeS ali) (5 5wl e 05 O S YW any b
z oAl ddlda Jiss o < )i 5 short point-to-point link 4 s S 5 of <l )
dalaiall (udi 53 sa sall (6 AY) ASLL ALl 5 gal @l L) ae JalaE) jraal
O iar Aot yall 3 LAY AaaS (e ST Jla Y Olea (B al giall 3 LAY calS 1)
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3 ludll Slad outdoor site surveys (o> Al ad gall e & Udle paiud (oA 5
Ol dlee. £l daliaal
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