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Awmerican Elecirician, Iuly, 1899, pages 344-346;

THE APPARATUS FOR WIRFLESS TFLEGRAFPHY.

BY PROF. JEROME I. GREEH.

The apparatus for demonstrating the effectiveness of telegraphing by means of Hertz waves 15 comparatively sinple. In the expenments recently conducted at the TThiversity of Hotre
Datme all the essential parts of the sending and receiving stations were found m the regular equipment of the electrical and physical laboratories, except a few details which were
constructed in the worleshops by the students.

It has been known for several years that electric waves are propagated from an msulated conducter when this conductor 15 rapidly charged and discharged in such a way as to
produce a series of very sudden disturbances i the surrounding ether. The wavwes are said to travel with about the welocity of light, but their length 13 much greater than the length of light
waves, and this length depends on the character of the spark produced at the discharging terminals. These tenminals, as used in wireless telegraphy, are always sphenical in shape, with
great variations as to size.

These electric waves of various lengths may be refracted or reflected like the waves of heat and light. They pass through many substances but are absorbed or reflected by metals,

The patts required for a cotplete sending station are an nduction coil capable of producing a stream of sparks
from one to ten or more mches in length. & smaller coil will of course answer if the recetving station 1 located close
to the sending apparatus--a suttable primary or secondary battery to operate the coil and a discharger or oscillator.
The oscillator may be two large metal spheres placed about half an inch apart on insulating supports. The space
between them 15 sometimes filled with a heavy petroleum o, but this iz not essential. Additonal spheres or plates 4 ‘ o & $
may be connected with each of the large spheres between which the discharge talkes place. These additions increase
the capacity of the oscillator and change the character of the spark produced,

A simpler and more easily constructed oscillator 15 the wertical wire with a metal sphere at its upper end, in ~ ﬂ !IMM
cotmection with two small spheres about an inch i diameter. This is the apparatus . Marconi used. The lower ' v
end of the vertical wire is attached to one of the spheres and the other is fastened to a steam or water pipe. V w V V V

An easy way to make this form of oscillator is to drill holes in two small metal spheres and put these spheres on
the adjustable points, with which all induction cods are supplied, at the tenminals of the secondary windings,

The wertical wire should be attached to one of the terminals of the secondary cod, and the ground wire to the
other. (See Fig 1) Then adjust the distance between the spheres, and the tension on the wibrating interrupter spring |
until a stream of thick, white, notsy spatks is produced when the primary switch is closed. Ilmlmll

For the recemving station there is needed a coherer with a decchening tapper, a sensttive relay, and a sounder or a L |

Morse recorder. FI&. l.—CIRCUITS OF TRANSMITTER.
& Find: _. .
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FIG. 2.-a HERTZ WAVE TERAMNSMITTEER.

tube with a lead pencil or by other mechanical means.

From the diagram, Fig. 3, it will be seen that the nunute escillating current produced i the vertical

The coherer is, of course, the essential part
of the recerwing station. It may be made from a small glass tube, of, say, one-eighth of an inch internal diameter,
and it may ke about an inch and a half' or two mches long, Into the ends should be fitted brass rods, and these
plugs of metal should have a space between their ends near the rmiddle of the tube, which space can be mereased
or decreased i length by shiding cut and in one of the metal plugs. To complete the coherer a small quantity of
fiings of metal, such as silver or nickel, or a mixture of these metals, is put in the space between the plugs in the
glass tube. Filings from the ordinary five-cent piece will answer wery well.

Thiz contrivance has the propetty of changing its resistance when it iz acted on by the waves, A space in such a
tube one-fourth of an inch i length, loozely filled with filings i their normal condition, will have a resistance of
several megohims, but when the wawes from the sending station strilce the wertical ware attached to one of the
terrminals of the coherer the resistance of the coherer falls to about ten ohms. The coherer 1s put in corcutt with a
high-resistance relay, and a dry battery of one or two cells. When no waves are passing, the ccherer has so high a
resistance as to wirtually open this circuit; but when the action of the wawes begins, the decrease of the resistance
closes the circuit, and the armatare of the relay iz drawn down and clozes the circuit on a sounder, or o whatever
we wish to add to the recerving set. The resistance of the coherer remaing at this low value even after the wawves
hawve ceased to strike the vertical wire, but it becomes very high again when the filings are shalcen. A little tapper
like that on an ordinary electric bell 15 made to strike the side of the tube for this purpose. The relay in cirowt waith
the coherer may clese a circuit to operate such a decohering tapper or the filings may be shaken by tapping the

[=[#] G500 4]

ko g

wire set up by the passing of the waves has the choice of two paths to earth; through the coherer, C,
or through the relay, E. To prevent itz passing to the relay and lealing across through the metal, well
msulated choling coils & & A are placed in the circuit with the relay. The rubber-covered spocls of a
four-chm telegraph sounder will do for these codls. The small current is then forced to go through the
filings to ground, and this causes them to cohere as long as it i3 passing, even though they are shaken.
It 1z well to put some non-inductive resistance (such as the lamp shown in the diagram) across the
points of the wibrating tapper and the tongue of the relay to prevent a spark there. It iz especially
mnportant that the spark be prevented at the tapper, as it 1s so close to the fiings that if considerable
sparking occurred here it would set up wawves which would cause the filings to cohere to some extent
and prevent the decchering action of the tapper. The great difficulty in the first experiments at Motre
Datme was to make the filings decohere quickly. If this action is not prompt it is imp ozsible to make
dotz and dashes so that they can be distinguished.

E— - Fig. 4 shows the coherer tube mounted on

hard rubber supports on the top of the metal
cover of an ordinary buzzer. An extension from
the armature of the buzzer reaches through the
cover and strikes the tube.

We emploved m all our experiments an
eight-mch mducton coil of American make,

_xxnth o heowrr b eeee webaating carcaat baaale s
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FIG. 3.—CIRCUITS OF ERECEIVING APPARATUS.
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GIOIA MARCONI BRAGA

(Mrs. George Atkinson Braga)
FOR_IMMEDIATE RELEASE

Wednesday, April 25, 1950
No. 90 -8

DOCTORS VITERBI AND RAPPAPORT NAMEI
AWARD WINNERS

wreonl Braga, daughter of the late Marchese, Senatore Gughielmo Marconi and the late
le Beatrice O'Brien, daughter of the 14th Baron Inchiquin of Dromoland Castle, County
gland, was born in ].nru.iqn, England. She was educated in Italy, attending the Poggio WASHINGTON, D.C. -— Dr. Andrew J. Vit
College in Florence, During World War 11 she served as a voluntary nurse in the [talian med
received a Certificate of Merit. Dr. Thecdore S. Rappaport have besen na
prestigious Marconi Awards. The announce
o worked in radio and tefevision as a producer and occasionally as an announcer of cur- | X s f the b
pand educational programs in Reme for the RAL and later from 1952 to 1954 for NBC Gioia Marconi Braga, Chalrperson @ .
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Figure 2-2
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Fig. 1. Schematic of urtuned receiwer. A = antenna; g = ground; J =rf.
arntenmna transformer [called = "jigger"]; P = primary coil; 51,

52 = halwe=s of =plit =econdary coil; O = coherer detectar; T =rf.
bypas=s capacitor; RFC1, RFCZ =rf. choke=s;, B = Battery; R = rel=ay.
When triggered by =an rf. signal wvoltage from J, the resistance of the
coberer dropped,, increa=sing the cuarrent inthe d.c. circuit consisting
of O, =1, 52, RFC1, RFCZ, BE and R. Th= relay circuit vwa=s isclated from
the rf. circuit by RFC1, RFC2 and C. The relay typically actiw=ated =
paper chart recorder and = tapper [Not shovwn ], The tapper decohesred
the metal filing=s inthe coherer to restore it to 3 =ensitiwe [high

resistance ] state for the nexxd signal .









Prof. Yagi (1928)







Linv en

A em ant |
Feflector irectors
rabout 5% longer labout 5% shorter
tan driven element’ thandrvenelemert)

M i mum
/ / /ramatmﬂ

AN

feader




DIRECTORS RADIATOR

REFLECTOR

&

,,,-""’

CiIRECTION OF
SHEMAL Ay

DIRECTORS

aTREAMLINED
INSULATING BULLARD —— -

ARTEMNMA

REFLECTOR Y
& -

4 ELEMENT ¥AG| USING

FOLDED DIECLE TWCWARE SHIELDED CABLE



The Rhombic - 1931

June 9, 1942, E. BRUCE 2,285,565
DIRECTIVE AHTERKA =
Filed Feb. 5. 1831
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The Rhombic — Transmission Line
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The Quad Antenna

Invented in 1942 by Clarence Moore,
WOLZX

Created for HCJIB, Quito, Ecuador
— “The Voice of the Andes’

Low Voltages: eliminates high voltage end-
pointsin air

|deal for high altitude, prevents discharge
and rain static



The Cubical Quad - 1942

Jan. 9, 1951 C. . MOORE 2,537,191
ANTERNA

Filed May 8, 1947
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W3E1 W2EZ

e W3E1
WAE1 W2E?
\ WIE? W2E1
Square Diamond
WAE1 W1E?
WAE? ¢ W2E1
W1E1 T \W1E?

WAE2 W1E1
Fig. 1 The Usual Convention
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Horizontal Wire Loops
How Big? How High? What Shape?

L. B. Cebik. W4RNL

A number of years ago, | provided some extensive notes on horizontally oriented, horizontally polarized wire loop antennas (HOHFLS). See Horizontally
Oriented, Horizontally Polarized Large Wire Loop Antennas | have received enough e-mail as a result of those notes to convince me that perhaps there is
such a things as cramming in too much information so that the result is a collection of difficulties in sorting it all out. As well, when | wrote those notes, the most
common practice with horizontal loops was using a T-wavelength circumference at the lowest operating frequency. Since then, | have changed the
recommendation that | usually make, depending on the space available to the loop builder.

S0 let's begin again and work with a different plan. My plan of attack is based on the 2 most asked questions:

+ How Big?
« How High?
+ VWhat Shape?

Since we shall defer the question of shape until last, we shall need a paradigm model with which to beqgin. Let's use a nearly perfectly circular loop as our starting
point, as outlined in Fig. 1. The loop uses 40 wires to form the circle, so the approximation is quite good. For our first 2 questions, the feedpoint will be on the
right, in the +x direction. Ve shall alter that for our last question for reasons that will become apparent when we arrive at questions of shape ) Mote the
orientation of the X, Y, and Z axes in the outline drawing. These axes lines will be important to orienting ourselves to some of the patterns in upcoming figures.

Horizontal Loop z Hote the alignment of
Free-Space Model axes relative to 3-D
patterns in Fig. 2.

Fig. 1

A circular loop as a starting point has some advantages over beginning with other shapes. With both regular and irregular polygons, we tend to find performance
differences depending on whether we feed the antenna at a corner or somewhers within a side. Since a circle has no sides {or infinitesimal ones, at best), we
can avoid those differences until we reach our last guestion.

Done




Horizontal L oops above ground

LR OB ... Fig.3
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Elevation and Azimuth Patterns of Circular Loops of Various Sizes at 1 WL Above Ground
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Al Gross— Walkie Takie Pioneer




Al Grossin 1991: St. Louis










NONC Linear Loaded Rooftop Vertical

LL Vertical at 3A/NONC

*Rooftop mounted

sAluminum tubing, ~13meters
sLinear loading for 80m

2 quarter wave radials
*Tuning/relay box at feedpoint



NONC Linear Loaded Rooftop Vertical

~39’

Linear loading wire

— |
~11 ~11

A

~22'

Ma'a'a'al

c2*

*39’ main element

- used %2 Titanex V80

- enables tuning by C1 value
*Tune C2 for SSB freq

- ~70-120 pF
*K1-3 Vacuum relay

- V1V or equivalent

*Radials

—||—®-°75m - 2 enough on a tall roof

L1 ~25uH

(—o>—t8om

|-®—> 40m

C1 ~30pf

K1-3

—0 0 cOoax



DX Fishing Vertica by NONC/SU

*Balcony mounted at 45 deg.
*Om fiberglass fishing pole

Y2 40m dipole helically wound
*Other half goes straight down
*Coax balun at feedpoint

*Built in 40min at midnight

By DL1BDF, SU1KM, SU9NC

View to North from SU1KM shack, 3" floor balcony
Alexandria, Egypt



Loading wire

Shot to NW NA VE7, W7



Antennas for Restricted Space

Some Amazing Examples




To Understand Why....
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Initial Goals

e Single all band antenna for 80-10m,
including WARC bands

e Fit within width of house (no external
supports availlable!)

o Semi stealth



EZNEC —Main Window

File Edi thu:uns Outputs  Setups  View
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» Carolina Windom 30° high
Open File by Carolina “Windom sith 80m 30°.EZ
Save "':"‘3 ; » | Frequency 18 MHz.
Ant Nates Wwavelength 54,6428 ft
Currents > | Wires 12 % res, 436 zegments
Src: Dat * | Sources 2 Sources
Lu:uad Dat. » | Loads 3 Loads
FF Tal:u ' * | Trang Lines 0 Linesz
MET AR * | Ground Type Real/High Accuracy
CowR > | Ground Descnp 1 Medium [0.002, 73]
I > | Wire Loss Copper
WA ERL * | Units Feet
* | Plot Type Elewation
* | Azimuth Angle a0 Dreq.
* | Step Size 1 Deq.
FF Plat | > | Ref Level 0 dBi
L | > | Al SR Z0 200 ok
* | Desc Options
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Phase 1 Solution —
Bent Carolina Windom
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Dimensions of C.Windom

Horizontal 42 ft (25 +17 ft)

_eft Vertical Section 16 ft

Right Vertical Section 8t

Center Vertical Section 10 ft

Height 30 ft

Workswell on 10-40m, not well on 80m




80m Bent Carolina Windom

/5 uHy inductor (4" Air Dux)
12 ft vertical wire at 8 ft bend
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Current Distribution—80m

. View Antenna:- Carolina Windom 30" high ;I_E_L)_(l

Fle Edit Mew Options BReset
EZNEC

& Stant| (B D) >0 | wP |@2-|m@m2-|s3-| Fr |G |EF |efc |EBw | g |E3-|[BEs- [« B® _HAQ # +- 10:38FM




80m Azimuth Plot

. 2D Plot: Carolina Windom 30° high ] A x|
Fle Edit Wew Options Reset

* Total Field _ _ EZNEC

Horizontal Po

3.5 MHz

Azimuth Plot Curzor Az 243.0 deg.
Elzvation Angle 25.0 deg. Gain -2.72 dBi
Outer Ring -2.72 dBi 0.0 dBmax

Slice Max Gain  -2.72 dBi @ Az Angle = 245.0 deg.
Front/Back 1.16 dB

Beamwidth 317.2 deg.; -3dB @ 23.9, 341.1 deq.
Sidelobe Gain  -2.82 dBi @ Az Angle = 119.0 deg.
Frent/Sidelobe 0.1 dB




160 Meter???

« Good enough to work afew mults during
contests

o Semi stealth



160m Project
Model #1

Quick and ssimple 1-2 day project
Model on EZNEC

Collect parts

Install

Try it out (Stew Perry)



160m #1 Front View

e . . - 1

+ — N SONE SELAR Sl B

| I e b R Tt g ey e A




160m #1 Side View
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Flevation Gain — 8ft 160m

. 2D Plot: 160m Micro Vert -0 x|
File Edit View Options Reset
* Total Field EZNEC
e 0dB
1.861 MHz
Elevation Plot Curzor Eley  156.0 deg.
Azimuth Angle  90.0 deg. Gain -18.2 dBi
0.0 dBmax

QOuter Ring -19.2 dBi

Front/Sidelebe 0.57 dB

Slice Max Gain  -159.2 dBi @ Elev Angle = 1556.0 deg.
Beamwidth 48.1 deqg.; -3dB @ 125.5, 173.6 deqg.
Sidelobe Gain  -19.77 dBi @ Elev Angle = 23.0 deg.




Results with Moddl #1

e Worked 43 States, 5 VE Provincesand 6
countries that night

o \Worked 45 countries over the rest of the
winter, on all continents

* Decided to try improvements for next
Season



Design Goals for Model #2

Raise base above edge of 2™ [evel roof
Add some length to vertical section

Design and build Auto Tuner (ATU) to
cover entire band

Build into and use resources of LDG Auto
Tuner



Auto Tuned 160m Antenna

Major Tasks and Project Flow

Model antenna (EZNEC) 3 Weeks
-- Compare to old antenna
-- Determine tuning requirements

Mechanical design and build of antenna Few Days

Design and build the base loading unit 3 Weeks
-- Mechanical
-- Electrical






160m #2 Front View
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160m #2 Side View
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160m 12 ft Simple Modél

=18l
EZNEC




i 2D Plot: 160m Micro Vert | =7 x|

Fle Edit Wew Options Reset

* Total Field e EZNEC

1.816 MHz

Elevation Plet Curzor Elev  23.0 deg.
Azimuth Angle 0.0 deg. Gain -8.74 dBi
Outer Ring -5.74 dBi 0.0 dBmax

Slice Max Gain  -5.74 dBi @ Elev Angle = 23.0 deg.
Beamwidth deg.; -3dB @ 6.3, 53.0 deg.
Sidelobe Gain  -9.74 dBi @ Elev Angle = 157.0 deg.
Front/Sidelobe 0.0 dB




SWR — Simple Model 12 ft

i SWR Plot: 160m Micro Vert

_&lx]
File Edit Mew Options m
rZd——
& 50 chms I N F ; v
Al (125 H i
| e ohmz] . H
'8
Source #
10
3
SWR
3
2
15
1
1
1.8 Freq MHz 1.83
Freq 1.82 MHz Source # 1
SWR 147 Z0 50 ohms
z 45 45 + j5.154 ochms
Refl Coeff 0.07995 at 122.74 deg.
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12 ft 160m Modeal w/ Roof

|

EZNEC
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12 ft 160m Vertica SWR

& SWR Plot: 160m Micro Vert
Fle Edit \ew Options

_[&x]

rZ————

& 50 ohms ‘ INF

Alk[12.5
ohmz]

1 =
=l
Source #

g

1.83 Freq MHz 1.845

Freq 1.838 MHz

SWR 125

Z 5719 +j9.774 ohms
Refl Coeff 0.1127 at 48.45 deg.

@ Start| & 2) »Mox | wPo | @20-|E32D | #a3S-| Frat | Db |[EFO. | B0 |[Bac- [EMe | [« AR 9 - 153AM

Source # 1
Z0 50 ohms




. 2D Plot: 160m Micro Vert
Hle Edit Mew Options Reset

* Total Field

=7l x|

Elewvation Plot

0dB ..

EZNEC

1.836 MHz

Azimuth Angle .0 deg
Outer Ring -5.62

Slice Max Gain -8
Beamwidth 44,
Sidelobe Gain -8.52

Front/Sidelobe .0dB

Curzor Elev  23.0 deg.

Gain

-8.62 dBi
0.0 dBmax




i, 2D Plot: Hevated radial system
Fle Edit Wew Options Reset

Total Field EZNEC

]

il =181

Primary
*14 FT 160 o
160 MICRO VS FU..ND INV VEE 50FT

Elevation Plot CursorElev  32.0 deg.

Azimuth Angle 0.0 deg. Gain -9.92 dBi

Quter Ring 1.78 dbi -0.3 dBmax
-10.56 dBPrTrc

Slice Max Gain  -9.52 dBi @ Elev Angle = 23.0 deg.
Beamwidth 45.8 deg.; -3dB @ 6.4, 53.2 deg.
Sidelobe Gain  -9.62 dBi @ Elev Angle = 157.0 deg.
Front/Sidelobe 0.0 dB




VS WoJAW

. View Antenna: 160m Micro Vert &l
File Edit View Options Resst
EZNEC

I
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N5TW 160M Challenge

Score =
Countries/Radiator Lengtt

(countries per foot)

K5NA 274/135=2.09
N5STW 17/7/135=1.31
WSJAW  71/12=5.92




Success with Small LF Ants.

Don'’t be constrained to conventional
configurations

Minimize losses in system
Use modeling tools
Beinright place at right time
Be patient



|ce? — No Problem!




eleted countrie: =l 1

Wwiorked | Confirmned) %Y erified
WS5JAW
HB Fhone 115
HRE Cw 272
HE BTTY
Mined 276 L OW
FPhore 115
s 272
BTTY P f
Par ower 10r
1 B0 TE
a0k 140
A0k 240 2
30k 206
20k 245
Seasons!
i=i 191 S-
12k 152
70k 155
Bk
2k
HF BandCountries| 16174 0 ]
HF Modelountrie:| 387 0 ]
HF BandkModes 2001 0 ]
O=CE Challenge | 1614 0 0

—Award Program - include deleted countries™?

& DL includes deleteds TOP [non-deleted only] &

Summarny Generate Heports -

Lpdate ] Progrezz ] Surmmary J
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Sources Ground Description
Mo, |  Specified Pos. Actual Pos, Arplitude | Phase | Type Mg, : .,,-E_;Dnd' Diel. Corst. - Height - R Coord.
‘wire 8 [ % From E1 | 2 FramE1 | Seg | WAl (dea ] ot IEISD;I'ID]3 ~ Ig I E.I ]
1 a8 88 1 0 W :

wire Creats Edib Olker

[T Coord Enty Mode [ Preserve Connections v 5|"iDW Wire Insulation

End1 Diameter | Segs Ihzulation
= (i) v If] Z [f] Cann = [f] ] Z (i) Cont firi) Diel G- | Thik [in)
1 0 0 15 120 0 15 WiZET #14 100 |1 il

S E 120 0 15 "W1E2 120 0 0 Ground #14 |5 1 il

File ‘Edi Mew, Options Hessl Fle Edt Options Outputs Setups View LUities Help
- Zaam Z EZMEC = k50T
= = __Open_ | File ndnb 160.EZ
Savehs | > | Frequency 1.8 MHz.
Ant Mates wavelength 545,428 it
| | Eieiits = | Wires 2wfirez, 105 segments
= - == o Di: > | Sources 1 Source
Dizplay . Current — 'l Load Dat + | Loads 0 Loads
& - LRI S : y i
Hesetl Hesetl FF 'Fal:i__ +. | Trans Lines 0 Llnes.
NE Tah *. | Ground Type Feal/High Accuracy
- Maove Image——— e 3 | Ground Descrip 1 Medium [0.0303, 20]
% » s | 'Wire Loss Copper
v a1 izt || 75| Units Fest
Z & v > | Plot Type an
ﬂl . | Step Size 5 Deg.
: Wire Mumber 2 EF Plat > | Ref Level 0 dBi
I Centerdntimage | | engt 15 ft _fFPlt | > | Al SWHR Z0 75 ohms
Seglength 3 ft 3 | Desc Options
Diamester #14 Avetage Gain= 0,037 =-14.27 dB Mol Containe fore

#isat| & 9 9 » ox. | ¢fco. | @20-] 5 o | m120-| F35- 'Pat.._ 3 b | i-'_?;c:\:.liﬂsﬁ i | «® _ZQr00 247 Al




m SWR Plot: KSOT

Hle Edt Miew Options

-2Z0
£ 80 ohms

Al [75
2 ohmsz]

=
! =l

Source #

=lEix]

INF
10
5
SWR
2
2
1.5
1.1
1
1.5 Freq MHz 2
;WR lig;ﬂ -} 176.6 ochms 2 oonme

LTI R e

» Qox. | efco. | @20 o Po.|E220- pa3s] Fra |G| o |[Bec | [«® 7D+ %D 24640




File Edt View Options Reset

; .
Total Field  ow EZNEC

1.8 MHz
Azimuth Piot Cursor Az 1790 deg.
Elevation Angle 25,0 deg. Gain -11.85 dbi
Outer Ring -8.57 dBi -2.28 dBmax

Slice Max Gain  -9.57 dBi{@ Az Angle = 0.0 deq.
Front/Back 2.28dB

Beamwidth ?

Sidelobe Gain -11.85 dBi @ Az Angle = 179.0 deg.
Front'Sideiobe 223 dB

Bisat| &5 S @BE 2 Qo | oo | @20.-] o Pop | @120 - B35 | FPan | Gnbo. | o |[B6C [« ® Z D - 2D 24140




w20 Plot: 160m Micro Vert

Fle Edt Yew Options Reset

Sidelobe Gain.  -2.59 dBi @ Elev Angle = 24.0 deg.
Front/Sidelobe 0.27 dB

Slice Max Gain  -2.32 dBi @ Elev Angle = 156.0 deg.
Beamwidth 45.5 deg,; -3dB @ 127.0, 172.5 deg.

* Total Field EZNEC
ol i 0dB --.
3.52 MHz
Elevation Plot Cursor Elev  155.0 deq.
Azimuth Angle 0.0 deg. Gain -2.32 dBi
Outer Ring =2.32dBi 0.0 dBmax

Aisat| &9 G lEF > Hox | @com |@20.-] « Pop. | E120.-] F35 | Fran | Gibo | or-|[HeC [«® JZ Q2D 2imau







