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Mr. G, A, Miller, Nead
Section

Miorevave
National Research Coumeil
Ottawa, Ontario, Canada.

Dear NMr, ml”',

Tnclosed is a recent capy of an old nemersndum I drev up before the
present MRAO operstion vas undertaken. I haven't had time 40 make wp sy mere
sketohes mentiomed on page 8, but the desoripticon seems adequate.

During the past two years I have developed a design given on the
enclosed synepais. The sise may be over ambiticus. Perhaps a smallsr ome should
be tried fires, It MMMN&WW!?AMMI udrrer
vill be divided by B' aud velume of hele by ¥°,

If you are interested fwrther, perhaps we can get together and dis-
cuss dotails at a future date,

Sincerely,

Grote Reber

‘nﬂl .
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"Large Mirror Design®
. by Orote Reber
/R Manck 195S

Oeneral Discussion

If a glven structure is scaled up linsarly N times, the mass of material
rwquirodwinboﬂthn mmwmmmuubouztm-. My design
scaled up to 500 feet diameter will require 7600 toms snd the roughness will be
$ 1.3 inches. Thus)for a relatively small improvement in resolving power, a severe
reduction in top.working frequency will be imposed and a huge increase in material
and cost will be encountsred. S3caling up the Manchester design will produce even more
absurd results; There are only five possible escapes from this situation.

I. Bsploy a material with a higher ratio of modulus of elasticity to demsity.

II. Use a deeper structure to give a better ratioc of moment of inertia
divided by length.

III. Incerporate more supports.

IV, Devise equaliszers which will sutomastically compensate for changes in
frame deformation with position and theredy retain the figure of the mirror at all
positions,

V. Restrict the motion of the carrisge so that less than the entire celestial
hemisphere is available fer observation,

I. Materials

Steel and aluminum are practically equal and are by far the best of the
common materials, 3ome ceramics and carbides are immensely better than ateel but such
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things camnnot be used as structural materisls, A slight gain nay be gecured by
mnaking the dead weight parts such as perapet, mirror skin and ribs from aluminum,
This reduces the fixed load’ou the carriage.

I Strecturs Depth.

This feature has been carried to aboul as large a ratio as possidle in my
design. It accounts for most of the improvement in performance over ths Manshester
design. A further inorease will require disproportionately large side oircles.

IIT. Supports

The swinging bill board on two pivets is the worst possible and omly suitable
for small mirrors. Some improvement is incorporsted in my design which uses four
supports,

IV, Bqualisers

Bqualisers msy readily de designed to cerrect the mirror surface properly when
the carriage is at positions $0° apart, Howsver they must be checked at inter-
mediste carriage positions to be sure they don't wnder or over correct. They sre
tricky, complex and expensive, Any apprecisble use of them is fraught with wncer-
tainty, An sxact large scale working modsl should be built of any structure which
proposes to incorperate equalisers to be sure they function in fact as expected on
peper. My design uses two elementary varieties. They are not shown on the small
nodel but their effects are included in the caloulations.

¥V, Motiom Restristion
Carried to an extreme, we have the fixed wire dish of Manchester. Any in-

oresse in mobility has to be paid for in complexity, mass and cost. Sometimes
small parts of the celestial sphere may be left cut of the cbserving ares with re-
latively small loss in performance and a substantial reduction in cost.
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A wide variety of compromises may be ohserved in the mounts used by optical
sstronomers since Galilec rested his hand ingtruments on a convenient wall. Hwygens'
lang telssoopes must have béen shaky in the extreme, Herschsl used a system vhere
the sky swept by, Ross was able to track objects fer a brief periodby moving the
eye plece, BEven the Hooker telescope emits the north polar regiom and the Hals telescope
cannot reach the circumpolar stars at lover culmination. If any region is to de
omitted in radic astronomy, it seems best to omit the first ten or tweniy degrees of
altitude vhere atmospheric vagaries are the greatest. Through-ut the many years of
eptioal astronemy the ratio of sise of mount to sise of objective has steadily in-
creased, as larger and larger objeotives have been produced. The same may bs expected
te ccour in radio astronomy.

Focal length

When the mirror is only a few wave lengths in diameter, it is necessary to
kespithe fooal point apparatus small to prevent a big scatterer in front. A small
focal apparatus osn only produce a dipole field. This requires a short focal length
and inherent poor efficiency of mirror. If a long focal lemgth is used, the mirrer
officiency increases btut the focal apparatus sfficiency decresses and a lot of
rediation leaks in the sides of mirror. The system efficiency is the produst of the
mirror efficiency and the focal apparatus efficiency. I have discussed this in the
litersture over thn years ago.

Mthcmhwwtﬂ lengths in diameter a much larger focal device
may be tohrmid. 4 larger device may be designed to have an acceptance pattern
with quite sharp edges. These edges may conforam to the solid angle subtended by the
nirror at the focal point. Thus the system has a high overall efficiency beocsuse the
mirror is looked at uniformly over its entire surfase and the focal appsratus looks
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only at the mirror. Very littls emergy can leak in arcund the edges of mirror.
Such a combination may be mere readily eecured with a large focal ratio aystea,
say £ » 0,6 to 0.8, then when, £ 0,5, The long focal length also makes the
nirrer more flat and easier to bMuild., The ideal focal device should mot look at
all outside the mirror, look most strongly at edges of mirror and somevhat leas
strongly st center of mirror. The edge to semter ratio will depend wpon focal

M“M»N“M ggﬂ \Hm« uoo.wn&b..v\vbv.. q&k\eskhv K.dh%ﬂ

Any design which has enough stesl in it to provide small bending will be so
strong that it cannot fail and 80 heavy that it cannot overturn even in a cyslome,
Fowever thase matters should be checked on the finsl caleulations. High winds are
transient phenomens but they introduse large unbalanced foerces. Comseguently the
nirror should always remain clmmped tightly whem not in use, Winds above 30 m.p.h.
sre rare in most places. Thus 4if the drive has sufficient power to control the mirrer

Wind

e

in a 30 m.p.h. wind, the mgchine may be operated for over 99% of the annual hours,
Considerable thought has bdeen given to mesh versus solid skin, At welocities
below 20 m.p.h. the alr flow through a mesk will be laminar and cepsidersble re-
dustien in wind resistance will be achieved, it higher velocities the flow becomes
incressingly turbulemt, A blanket of slew moving air covers the mesh. A great
mound of air piles up in front of the dlanket and most of the mmceming air slides
off the sides of the mound, Thus the entirs structure looks like a doms to the
wind, exactly the same as if the mirroer were solid. In effect the mesh reduces the
wvind loading at low velooities when it is not needed and does no good at high
velocities when it is needed. Ay mesh fine encugh to be effective at centimeter
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waves will be worthless for wind load redustion. To keep the bending small the mesh
mist be thick and supplied with many ride. Altogether it seems beat to use a skin
of s0lid plate and simplify €hings.

Snow

Bnow i3 a great mename becauss it introduces mge wndalanced forces. If the
snow could be dumped off easily there would be little harm. Howsver, often the
snow is sticky md won't flow. I nearly wreecked my Wheaton mirror once this way.
Several times I had dumped off a foot or more of loose mnow, However in due time a
heavy wet anow came down and fross tight, Vhan I unclamped the mirrer it became
uncontrollable and ren through the stops st the end breaking off two legs of the
parapet., After this ecxpesience the nirrer was allowed to remain clmped in whataver
position it happensd to be wntil the snow went avay. Auy lerge mirror should be
placed south of where there are frequemt heavy smows or mut: time will be lest.

Sexefanl

It 1s customary o cover buried 1ine pipe in a tar ana cleth poup. Mis will
not be sttisfastory fer above ground protection becanss the sunlight drives off the
noet wolatile components and hardans the tar. Changes in temperature ceuse the
tartoouokmdammunthwumm The tar and cloth wrap
also introduces a large dead lcad which is ebjectionadle, Psinting is an endless
Jjob as may bs seett on any large bridge.

The best scheme of protection seems to be to thickly galvanise the whole
framevork. Then it should not require amy sttantion for 30 years or more, Inquiry
shows that members at least three feet in dimster and LO feet long may be galvanised
in one dip. There i» also a portable kit which does a very nice on the spot job of
cnlnntm. It may be used to cover all the welds, touch up scars and provide
goneral maintengnce,
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Corrosicn is primarily due to two ssuses: iadustrial polimtion (sulphur) and
salt particles. Any large mirror sheuld be kept away from large cities and the
ssacoast, or else taken uwp €0 a high altitude.

In Eswaii the salt content in the air dsarsases at 2000 feet t0 1/10 the sea
lsvel value, to a small fraction of a peroent at 5000 fest, and nil above this., At
10,000 fest black iron banding lying out fer twe years remained black. At sea level
it would be & mass of rust in a fev months, At 14,000 feet the climate is like the
Gobli desert,

220-Fout Design

This design was worked out in deteil. The sise, weight, moment and bending
of sach member and every joint was determined both when the carriage vas on its
side and uwright. The entire strusture was checked for balsncs, wind stress and
g«g »chtvs-gcﬂgﬁgafgiﬁasgﬂ
o.aw.aaa.f All that mbeded to be done wes make shop drawings. Inquiry wae made
to find out vhere the materials would cams frem, their approximate cost and who
night be interested in erscting the strustere and the best means. About 100 pounds
of literature on this matter reposes in the attic at Wheaton, Illineds. I also
carfied the model around to sdowt a dosen diffevent govermment agemcies and
foundations., In general the response I obtained was "He's hermless, de kind to him
and he will go swvayl*®

?Sﬁ&-%ﬁr‘g»ﬁfag’%&ga
gﬂaﬁ%ﬁﬂgﬂggﬂégaﬂﬂofg-&g
vious information.fhen the whols strusture is werked through to ses what the stresses
and bemding are. Suitsble corrections to mmmber size, shape and length are made
and the prooess repeated, Finslly a satiafactory design is secured. Unfortunstely,
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for exty majer change in sise or structure cenfigwration, all the munbers change.
Thus the old figures are enly suitadle for Duilding a 220-foot mirror ¢r $o show
the gensral method of precedure.

500~Post Possidilities

!hountpnatiulﬂ;uamtoumtppuuumotmwnw
Junction with 2 restriction in moticn. I have a medificatien of the 220-foot design
vhich uses three vertical trscks for meiiem im altituds. The canter track is some.
whst larger tham the outeide cnes. Bach of the thres tracks has thres trucks of
many wheels making & continuous row of whesls wunder sach track. Thus three line
supports are achieved, and the amount of material in the rim of the tracks may be
greatly redused. The twrntable has & fixed pivet at the esmber and rens on two
horisental ciroular tracks respectively 350 snd 500 feet dismeter. The metien in
sltitude is limited frem 15° to 90°. This should not be sericus as the lowest
angles near the horison are subject to lots of stmospheric vagaries and are not
particularly useful. No model has been built, ner detsils worked out. Howewer, it
sppears that sueh a mechine would prodebly weigh betwess 2500 and 3000 tems. The
surface roughness should net be worss tham the 220-foot design.

Posuidilities Over 00 Fest

To got into this olass it sesms that an entively different spprosch is neces-
sary. Wmmuwmuu.m If ¢hs mmmber of swports incresses
ul’,mmmcnf-mumm.uuml'm;mwumwm.
The situstion is equivalent to bullding a tadle where the legs are all the seme
distance spurt, however large ihe tablo may be. With this schems the sise appesrs
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to bs mnlimited, The sttached sketehos shew a design for a 750-foot mirror. The
hole in the grewnd is a hemisphare 3000 feet in diameter, Maxy circular concemtric
horisomdal tracke line the side of the hele 50 feet spart in horisomtal prejectiom,
A crails piveted st the cemter botiom of hole rwns along the tracke and provides
notion in astwnth, The top of oradle has mamy parallel eéirsular vertical tracks
sleo S0 feot spart. The mirrer mownts oo a oarviage vhich runs wp and down the traaks
stop the oradls and provides motion im sltitude from 15° to 90°, Ry this ocmbinat-
ion of interlooking trecks the mirrer is actuslly supported every 50 feet beth ways
wderneath,
Fized Mirrer

A parabols iz ressomsbly appreximsted by a sphere with s radius of cwrveture
twice the focal length of the parabola, The bettem of the hols may de limed with
a conduoting shest like chicken wire for sbowt 2/3 of the dimmeter of the hole. T™he
focal equipment may be supported st one-half the depth of the hole Dy cables from

the rim, Thus a fived mirrer 2000 feet in diameter may be secured in addition to

o adjustable one 750 fest in dismeter, The fixed mirrer will have oensidersble
roughness due %0 the tracks. Thess may be made to depert from a hemisphers to
spproximate a parsdela of revolution ever the bettom of the hole and thus improve
the figure. Suitable changes will be needed in the underpart of the oradle, Howe
ever the fixed mirrer should de wseful at meter and decameter waves beth for radio
sstronomy and ionosphere experiments, Noving the pesition of the foeal apparstus
by sdjusting the cables will provide besm swinging over sn angle equal to abowt tem
bean widihs of the main pattern each side of the senith. The beam will break up at
greater angles. A greph of hole diameter/mirror dimmeter versus minimus altitude
for a henispherical hole is provided,
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Hele in Grownd
If a ready-made hole can be used the expense of the project will de greatly

reduced. 4 numbder of pessidilities exist. The meteor orster mesr Winslow, Ariscma,
is about LS00 feet in diameter and 600 feet deep, The bottom is full of looee
rock snd dirt widch could be readily excavated, A somevhat bLetter meteoric hole is
Crater Klagmte just across the border in Mexico., Both of thess are dry all year
around, Nemress veloanic eraters are available. Puwn Makanaks on the side of
Hauna Kes, Bavail, 18 & very symsetrical cens of about the right siss. BRquelly
nice ones could probably be found in comtinental America. 024 quarries offer
snother possibility., The extra msterisl removed to prodwoe the correqt shape may
be piled around the outsids top to build wp the edge. It is even possible to make
seme mamey by selling the rock, if it is amy good.

I favor the hole in the grownd design becsuse there is no wind problem and
it is easy to build,

Vhatever kind of an ingtallation 4 meds, it sheuld be kept far awsy frem
electrical ddsturbances; st least two miles from highways and many miles from stesl
mills, tin can factories, carberundum werks, telsvisien statioms, sta,

Gonitle Flon




STROPSIS OF DISH DESINN

Dismeter » 1,000 feet, Pooal length 300 feet, Maﬁai%%?}d
Hols in ground = 1350 feet dimmeter, 550 feet deep, 700 feet radius.

¥embers iy Maxtwan
¥eubers Yoight :
Sking #12 0.8, guage blackiren 1986 159
Orids U.8. section TCBIS and

Us3. section CRJ-12 1145 158
Cross Besms: U.8. section CR21 1380 134
Longitudinal Besms: Bullt wp

36* desp 13L4.64 1 ﬂu lhl&hr

to U.8, seotion CB36L 1221 +100

Totals 132 531

Weight on each 16" digmeter wheel » 16 toms
360 pairs of wheels run on ASCE AMi0LO rail,
Each wheel driven by separate small motor.
15,000 £t. of rail required = 300 tons

2004 7 vheel = 72 toms,

Cost of stesl work in plsce less tham $500/ten
Cast of hole loss than 104/cu, J4 using puslemr explosives.

Parapst, foundation for reil and drive extra. C7 é %



