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Four triamngular plates (side length j = 3,12 £t = 95 cnm) are cut from 7/¢ inch
aluminum sheet, their sides are rivetet on ribs of aluminum chénﬁals. Internzl adjust-
ment at four points is provided by a simple second system of ribs underneath; the plate
center and the middle of each side can be pulled down by given amsunts by four adjusi-
ment screws., The plate shape is measured at 27 equally séaced surfacs points with an
rias accuracy of 0005 inch = 043 mm, The reszulte then are scaled to Z?a 2e22 It =
67.5 cm for the new design of the homologous telescope with D = 243 ft = ¢5 m diausier.
This type of surface then cosis 9.5 ﬂ/ftz including the internal adjustmentsg and
Ted ﬁyfﬁ without it.

The gravitaticnal sag under dead load gives an rms deviation from the average of
«000¢ inch = (027 wm without internal adjustments, and ,0006 inch = .075 mm with it.

The rins deviation betwsen the average plate shape and the telescope parabeleid is
«0067 inch = 189 mm without adjustement, and only 0047 inch = 027 ma with it vary-
ing as Af €/D. The internal bumpiness of the plates (rms deviation of single peint f{rom
average shape) is 0054 inch = 727 mm without adjustments, and .003¢ inch = 092 ma

‘er . 163
with it, vavying as £ *°.

If the corners of all plates are exactly on the design paraboloid of the telescops,
the totsl rms deviation of the surface from the best-fit paraboloeid is 0089 inch =
e225 mm without internal adjustments,; about as geod as heneycomb panelsy and it is
«003% dnch = 700 mm with adj 54 almost as good as a milled surface of extremely

high cost,.

For finding the performance of the €8-m talescops, 16 contributions to the tota
rzs surface deviation are added upe Callimg A = 18 rus(bz), the shortest wavelength
of observation is A = 2.3 i at zeaith without wind or temperature differences. At
60° from zenitl, A € 3.4 mm for 55% cof all nights (di regarding clouds and snow);
AT 4.0 for 7% of all nights; A <€ 6.0 v for 689 of all time; and A € 9,2 mx

for 93 9% cf all tice,



I, Introduction

At present there are three mathods for manufacturisng the surface of a radioc telescone
to be usad at short wavelengths. The following data are from discussions with Rohy Coue-

panys
1. Curved

skin with ribs. Rohr offers plates ¢ x 10 £t, ribs 70 inch apart, 71 1 skin,

Yiclding an rms accuracy of .073 inch = .33 mm at bast. At a cost of 10 ¢

200 k¥ for tooling, totaling 15 S/f%z for a telescope of D= 65 n = 213 ft diameter,
cosbe Yields an ras of (008 inch = .20 ma, At 25 ﬁ/ft plus 250 k% fer teoling,

2, Hone

totaling 32 #/7t° for D = 65 m.

3. Milled surface (like the Kitt Peak se-ft telescope). May yield en rms of .002 inch

= ,076 ma at best, at a cost of up to 200 %/fi The 36=ft was milled in one picce,
but that is already teo large with respect to thermal deforuations. It s2eme to be

somevhat more difficult to mill su waller, separate pieces.

For observing at a wavelength A, the total rms deviation of the surface from the best-

fit paraboloid of revolution should not be more than A/16. And about 1/2 of that, 2/3z,

2 g
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may be allowed for the manufacturing accusracy of the surface plates (assuming that this
is ons out of four uncorrelated and equal major contridutions to the tetal dsvistion).

Values for A = 32 rms(bz) are shown in Tadle 7, together with the cost.

Table 1. Accuracy, cost, and shortest wavelength for

three available surface types.

ros(bz) cost A
fi ﬁ/ftg e
Curved skin and ribs | .33 15 0.6
Honeyconb e 20 32 Y
Milleg surface + 078 200 2+4
For the propesed homologous talescope, a different approach has been suggested:
paking the surfacs plates so snall that they can be flat. For a 300-ft t@l@scep@ and
A= 1 cu, an estinate yielded a si lc““th of 3,72 £t = 95 cm for triangular plates.

A cost estimate for waterial and manufdetmrln@ from ALCOA resultsd in 4.4 S/fig
somewhat larbe“ plates (£ = 174 cm), including tooling, which goes up to 5.3 §/ft £ for

li = ¢5 cm, 9Tht plates are cut from 1/¢ inch aluminum sheets; their three sides are

<=

riveted on ribs of aluminum channel.



A 300=ft telescope then needs 10 060 triangular plates of (= o5
‘and 9 000 corner adjusters are needed on the telescops, ecach carrying six triangle cope
ners. For the new desim gaywith a smaller diameter of D = 635 w = 213 ft, it is sugzestad
to keep the number of plates and corner adjusters the same, yielding 46-= 2,

675 cm. These smaller plates then will be 7.3 S/f% » but will almost reach ths accuracy

of honeyceanb.

If a wavelength A < 6 mm is wanted, and since the step from honeycoud to a milled
surface is extr@mely exponsive, a further impf@v%ment of the small plates, by internal
adjustments, should be comsidered. First, a ceatral aﬁju tment screw pulls the plate
centor dowa toward a light channel fastened underneath two of the ribs. An emperimant
gave some but nst much isprevement. Second, three additional screws, cne on the middls
of each triangle side, pull the middle of each rib down toward a light amgle bean
fastened at both its ends a little below the ends of the rib, the spacing being provided

by little blocks. This experiment improved the accuracy considerably.

The final version then has four internal adjustment screws per plate: one at its
center, and three at the middle of the sidesy this is the mawximum possible numbﬁr of
independent adjustuents for a triangle, It needs three additional angles undsr the ribs,
and one light channel scross and below the plate center. The manufacturer should adjust
all four scrsws before delivery, to a given height below the plane defined by the three
plate corners, with an accuracy of .002 inch = ,05 mm maximum, This can be done within
a few minutes per plate, with a proper teumplate having four dial indicators and resting
vith three pins on the plate corasrs, It is estimated that the additional material, L
labour and the aljustzent will inreass the cost from 7.3 to 9,5 S/ft s Yiclding almost

the accuracy of a nilled surface,

This approach has the advantage of high accuracy at low costs, and the disadvantagz
of needing the large nunber of 9000 corner adjusters on the telescope, But this disad-
vantags will not b2 crucial if a nsw mrasuring technique (now im preparation) can be
applied, which will allew rcasuvring 000 points or more within 4/2 hour, and prcbably
Yielding an rms accuracy of 293 inch = .08 mm, The mechanical adjustment of the corasr
acjusters then con bz dons by 70 men within 4 weeks (essuming 2 men and § minutes per

point).

The present investigatien wonts to determine the actual shaps of such plates, vwith
and without adjustaent srews, and their ros deviation from the telescope parabnla., Thz

ke

results then are combined with all other surface ervors for {inding the shoriest wave-

length A under various cbserving conditions



11, Experdmental Method

Te L“” Iﬂ ‘tf““

A sanple of four triangular plates are cut from /2 inch aluminus h@et, and theiy

4]

pa

gides ave riveted on ribs of aluminum channel (1 /2 x 3/4} /8 inch thieck), o straizn-

tening or trimming was done. The rivets are 3/1¢ thick, with 17/32 heads, and spacsd
by 1 8/¢ inch, Fach plate has a weight of 717.4 1b, The plates are designzd for carry-

ing a man of 200 1lb on eny point, without any permanent deformation,

For the central adjustument screw, & thin channel is fastenad to ths lower side of
two of the ribs. Tor the adjustment cerews at each side, an angle beam i
each rid and parallel to it; spacing is provided by two suwall blocks belween rib and

angle at both ends, and the centers of rib and angle are pulled together by the scrow.

For later application on the telescope, scme more practical sulution might be found.
Fige.? shows a sketch of a plate and its side adjustment. For measuring the shape of

the surface, it was decided to {¥ use 27 equally spaced points as shown; this nuzber

turned out toe be large encugh since no appreciable short-scale bumpiness was found.

For weasuring ths shape of the plate surface, one would like to have a dial indicatb
moving in a plans; or the deviations from a plane should at least be small, measurable
and repesting. After various tries with other metheds, it was decided to use the large
rilling machine of the CGreen Bank workshep (spun of 5.5 feet)., A red replaces the mill-
ing bit, and & dial indicator (with .c005 inch divisions) is fastened vertically to the
red, such that 1t can be moved oul of the way and back ¢o working condition without any
measurable change of its positien. The dial indicater then is moved manually, by rot=-

£

the nill about dits pillar, and by cranking the motor block aloag the

The plates rest horizentally with their three corners on adjustable support screws
on a trisngulay Jig fastenszd on the worling platform of the will, The plates can be

peaswred in norsal positicn (skin pointing up) ss well as upside~down, for separating
the pl&-@ t For this separabtlion one then needs

aloo the

this is weasured by moving the

plate, from one point to the next, over a rigld pin fastensd on the working platfomi;

with the dial indicator exactly above the pin.



Since the motor block of the milling wachine does notl move exactly im a plens, this
reasuring technique needs a calibration. A template was mads out of four nzwly bought
straight edges, forming the three sides of a triangle and one center line, This tesplale
rests on the samz adjustable support screws as ussd for the plates. Bul the middie of
cach straight edge is supported by a spring carrying half the weight; the unsupportad
length then is 1.5 £t, and the gravitational sag of the edge is Ole % 107" inch ik N
The quality of this template was checked by rotating it twice by 60° aud measu: ring agalng

no measurable difference was found,

The calibration yielded (1) a stromg effect of .0055 inch = .74 mm maxinum, regarding
the position of the motor box aleng the armj; (2) a hysteresis of .0008 inch = .05 mx
maximum, explained by one=szided piling-up of lubricant. Both effects (¢) and (2) are
shown in Fig.2 snd are used for correcting the plate mcasurments. The following smaller
effects are not used for corrections: (3) an effect of .0003 inch = 008 mm rms, regard-
ing the rotation of the arm about the pillar; (4) a temperature effect of .00015 inch

= o004 ma raos; and (5) a shorteterm repeatability of the same af@a@ﬁ.

For obtaining the combined measurdng ervor, a teotal of 72 single contributions was
added up,; regarding the template, the mill, the positiening of the plates, and the read-

ing error. Tho result is; averaged over the vwhole plates

YEE B2asuring erior = L0005 inch = (073 mE. (1)
Setting up a plate on the Jig, adjusting the support screws, and measuring the 27

roints is done by ome men in 20 minutes. Adjusting the center and three sides to given

anowits is doms by ene ran im sn additional ¢ minutes par plate.

All four plates, with varicus amounts of Internal adjustment, were measured in
"up" position, with the skin pointing upward. Plates 1 and 2, once without adjustment

and once with it, were also mezasursd in "down" position; also the skin thickness was
neasured for these two plates at all 27 points. We call

u = dial indicator reading in "up" position;
= dial indicator reading in "down' vositiong
= reasured skin thickuess (7/6 inch neminal);

: shaps in "up" position (deviation from plane defined by 3 cormers);
s gravitational sag under dead load;
= plate shape proper (no gravity);

¢ = calibration as shown in Fig.2.
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We define z as positive if pointing down. Siace a positive dial reading points up,

we have

U = =3z =3z +C, (2}
p g
d = +2_«32_ +¢+t; (3)
p g
and
Z2 = 2Z_+2Z_ e (%)
p g
In most cases, only z is wanted and is found from
Z = C = U (5)
£
In some cases, the i gp e of gravity shall be separated according to
d+u=-t
Zg 5 ’ (¢)
and

2B =t = g oe oz, (7)

We define the following running indices, where "distance" refers to the plate cenber:

~
1A
2o
§
Py
-h
o]
(5}
fude
3
[yl

and the following guantities:

b

"

distance of corner point from plate center;
r, = (distance of group k from plate center) / bj
n = nuaber/plate ¢

= total mumber of plates investigatedy

¥ peints at distance £

and finally caii - »
q’k 2 - I‘: . (&)
Then, for exanple,
%, . = deviatien (frem plane defined by 3 corners) of point j,within distance
ks LS
J group &, of plate m.

The arrengements of the 27 points is shown in Fig.7, and the values of r and g

are given in Table 2,
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sbls 2, The 27 poinlts of Fig.7, divided in distauce groups kj

according to distance r from plate center.

% i . k| omy je9253 r, B | e % Py
; 9y 713414 I B 2/13 i,1663 2687 | o7464 75
8, 105 17 2 i3 4/13 3325 « 1658 6076 1.0

3y 4y 12, 95, 16, 18 | 3 i € 2\7 /13 | o4399 0829 (4976 1.0

2y 5y 74 11, 19, 20 416 2/ V13 05995 | ©,0829 | = 4976 | =1.0

1y 64 21 51 3 10/ 13 e8313 | = 4477 | =1,2440 | =2,5

The ,9253 in Table 2 resulis from the corner points being shifted inward by 4.4 cm,

see Fig.7. The values P, are definsd by

L / 4975 (9)
and one finds .
r? = L2764 (50)
and o
Q = & = .06126 = 1/24.23 , (143
while, by definiticm,
q = Zp}: = 0 . (12)

The following averages are usedl

=3

X e o

%, = E: zjwj = gverage z in distance group k, of plate my (13)
£ j=1
] N

Z, T R ;7" %~ = average z in distance group k, all plates; (74)
L= 1
21

2 . L i 22 = average z° of plate m; (15)

i 2i r Yim o o

i=1
, 21

2. = 77 ;Z: vy, = average z of plale m; (16)
i=q
N
L7,

% = H %, = average z of all plates. (17)

£
L
~



4o The best-fititing Adjustments

The paraboloid of the telescope shall have a glven focal length and direscticn, bui
it shall be bestefitted in height (parallel translation up or down)e. The focal ratio

is always used as

£/D = 427 . (18)

The corner points defining the plans of reference are shifted inward by 4.7 cm; which

reduces b by a factor of .9253;, and we assume in general the same factor; thus
I
b = (.9253/3 y A (19)

Consider a single plate at the apex. A paraboloid of revolution; having its apex at
the center of the plane of reference of the platgjand its axis perpendicular to it,

has the equation

2
r
Zpar,o= %) (z0)
and a parallel translation to the best fit in height gives, with (8),
z = s (:3 -r?) sz = sq +z (21)
par m T
wvhere 5
s = b°/4f (z2)
or, with (78) and (12), »
s = 1676 L°/D . (23)

For exarple, with D = 5 m and /Z = §7.5 cm, we have

8 = L0462 inch = 4,773 mm. (24)

Equations (20) te (2¢) apply directly to the plate right at the telescope apex,
and in good approximation to plates nearby, At larger distances x from the axis, one
should replace 2f by R, the local average radius of curvature (average of radial and tang-
ential direction). Using the geometrical mean instead of the average, one can derive
an easy formula

R = ot [1e (wen?] (25)

and equztion (22) then reads

s = bo/2R = (bz/éf)/C'i + (x/zf)ﬂ . (2¢)

At the telescope rim, (26) is 25 % smaller than (22), and 1424 in the average. But in

the following estimates, ws use (22) instead of (2¢), considering the worst case only.




For determining the best amount of intermal adjusiment, one necds to know RFQ the
ah

best~fitting radius of curvature, for plate m and with vericus

unts of adjustnment,
In addition to the averages of (13) to (17); we define a curvature term P for the

K] ~ .
single
plate and for all plates, as P = g
i B
— = 7 Y 27
Pm Y Ty 02370 4 ¢ i Zxm ) (27)
k=1 k=1
4]
= . z2a
P 02370 5 Bz, (ze)
k=1
It can be shown that the best-fitiing radius then is
2
b- Q
B 4 29
Ry = 27 ¢ (29)
m
and the adjustuents should be varied until Rm 2~ R=2f, or
P o Q = &l);i (30)
n™ *F T L
Regarding the riws deviation, we consider plate m as being located at the apex, all

three corners exactly level., The ras deviation tetwsen the plate surface, z, and a
&

paraboloid of focal length f and best-{itting height, Zpar from (21), is
= pageH) AR - 7 31
Am L3 (alm fapar‘) ° ( )

I¢ can be shown that Am can be split up into twe contributions,

Vo
Am # AEO * Amc ( 32 )

A =SVZ2 -z a Pé/Q rizs deviation of plate from paraboloid with  (23)
5o m o ; +y ez . .
a best-fitting curvaturs Rm 3

with

1

b .= VQ (¢ = P Q)¢

L

rms deviation between paraboloid of curvature (34)
Rm and paraboloid of curvabture R = 27,

The task, then, is finding

z, = height of center adjustnent, below plane of reference,

(35)
Zg = height of side adjustement, below plane of reference,




such that A = minimum, Instead of using this demand, it was found easier and almost

correct to ahmand condition (30) which yields

e A (35‘)

and, simultaneously, demanding

A = minimun, (37)
mwo

In this way the best adjustments were determined, for "up" positiom, as

z, = 060 dich =- 9,53 mm,

(3¢8)
Zg = <082 duch = 1.32 ran,
for D= 65 1 and Ag = 67,5 cie For cother valuzs, both adjusiments vary as
Zgy 2 e LE/D. (39)

A1l four plates then were adjusted to the same values, given by (38), and were measured

again. The following refers to these measurmsats after adjustment,

5. Application to Telescope

A

Concider the telsscope surface consisting of a large number of such plates, similar
to the ones mzasured, and assume that all plate corners are exactly adjusted on a parab-
oloid of revelutioa given by (20). The plates have internal edjustments according to

(3¢) for the final versicnj or ceater adjusiment only, or none, for comparison,

The best=fit paraltnleid then is shifted down by 2, from (7). It also shows a small
change of focal lenzth, df.= «.77 2 a3 can be shown, which is disregardsd in the fol-
g Sl 3 &

lowing. The rms deviation 4&_ botue

("‘)

n the plates and the best-fit paraboleid is split

"

up into two contributions, regarding the internal "bumpiness" of the plate surfaces,

and the quzlity of the fit achieved by the internal adjustment, In addition, we need

a correction regarding the small number N of plates measured as compared to the large
number ussdi we call
_ N 5 n,
82 = (z-z2) e < 7S :7; (z,, = z)% = bumpiness (49)
b k 213 ‘e Ao jkm - %k
n=1 k=1 J=1
2 2 1 5 2
= (g2, -3 I - = quality of inter.adjustn. 41
4 (“k par) 21 :Zj Ty (zk par) a J J (21




- §1 =

S— N 2
2 1o N2 1 « (2~ 32 )% S
by = 5 (&mv“o) = Z o o = correction, (42)
=7
The total rms deviation of all plate surfaces then is
‘ %
2 2 2
® 43
Apa VIAb«t-Aa+AN (43)

For scaling to various values of D and /(, we have

Bye by m,@ﬁ ' (44)

2 [
s o L/ (45)
where the exponent B of the bumpiness must be found experimentally.,

6o Error Contributions from Plate Ceorners

In addition to (43), we have three contributions regarding the plate corners., First,
the plate corner rests oan the support of a corner adjuster, the plate surface thus being
lifted by the amount %c of the corner thickness (thickness of skin, of rib flange, and
of a 1little plate, each one being 1/8 inch nominal) with an average of about 3/ inch

= 9.6 me We call

Act = ros difference between single tc and the average. (48)

Second, the corner adjusters will have manufacturing inaccuracies. We call Aca
the rms deviation in height between a single corner support and the average of six
gupports on one adjuster., It wasz estimated for our present design that the following
specification could be met without difficulties:

b,, = +002 inch = .05 mn. (47)

Third, the corner adjusters should be wezlded on the telescope perpendicular to the
surface; but the surface gosition is not known exactly at this time, and maybe one
should considzr a flsxible mount instead bf a rigid welding, Menwhile we assume an ade
juster scaled down to 1/2 of ths preseunt design (which was done for D = 3c¢0 ft, and is
teo cluzsy, anyway), and we assume that the coordinates of the surface structure (of
the panels) have been measured with an rms accuracy of .080 inch = 2 mm, It can be

showa that the resulting corner error then is




Aca = L,0022 inch = .056 mm. (z¢)

The total error of a single corner thea is

ki ‘f <
|/ 2 2 2 N e 82
€ = cht + Aca + Aca = j Act + (,075 nm) o (42)

With respect to scaling, smaller plates can be thinner;, and

Atw/é (50)

c

is adepted; vhereas ﬁca and Aca are considered to be constant,

If the corners of a triangular plate are vertically shifted by random amounts of

ris Ec’ it can be shown that the ras surface shiit then is

8, = &c /V?; independent of /6 and Dj (s7)

which means that a large number of cornsr adjusters contributes the same surfacs

[¢7]
[0
3
P
i)
%

as a small runber would, With (¢9) we then have

_ 2 N7 _
b, = VAct/‘? + (.053 mm)® . (52)
Finally, we call
[~ 2
A =V A + A 5
N SR ) (53)

wvhich is the total rus surfaces deviation arising from the use of small triangular
plates and their coraer adjusters (but not including the final telescope adjustment

to be discussed later on).
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ITT, Humerical Results

1. Surface distortica by Rivets

24

Measurments of z have been taken along one side of a plate, on a line going through
the centers of the rivets, with & measurments per inchj 3 measursents on each rivet,

and 70 in between rivets.

The result is shown in Fig, 3. The riveting depresses the surface next to the
rivets by about 2/7000 inch, and the rivet heads stick out by about the same amount,

Along this line centered oa the rivets, the average distortion is only
rins z = .0072 inch = .047 mm. (5¢)

Since this concerns less than 1/10 of the plate surface, it will be neglected further con.

2e Skin Thicknoss and CGrevitational Sag

The skin thickness, needsd for egquation (g), has been measured for Plates 1 and 2

at 27 points ecach. The average thickness of these 42 points is found as
t = .1244 inch = 3,16 ma, (55)

to be comparsd with /& = .725 inch nominal. The rms deviation of the single point

from the average is only
ros (t - t) = ,00037 inch = ,0094 mm, (s6)

3

us that the thickness of the aluminum sheets is amazingly constant, Even the

a
maximum deviation from the average is only

max 't -t l = L0041 inch = ,02& mm, (57)
The sag undsr dead lcad then is calculated from equation (&) for these two plates,
once without and once with internal adjustments of center and sides. The resulis arve
shown in Fig.4, Tiae differzunce, of course, is not due to the adjustment itself, but
to the additional beans fastened undermeath the plates, yielding wuch additional

stiffnecs/weizght for the ceater point and some for the sides.

Without zdjustfment, the center sag is found as ZEC = ,0062 inch = , 158 mm, which
compares favourably with .008a inch predicted amd used in Report 25 (March 12, 19¢9),
where the torsional stiffness of the ribs was neglected. The average sag over the

plate is EE = ,00289 inch = ,0735 mm, and the rms deviation from the averags,



& = rms (z_=2), (s58)
is found as 00164 inch = (0497 mm, as compared to .00977 inch predicted in Report 25,
The best-fitting radius of curvature is found from (27) and (29) as Rg = 2330 ft =
710 Ui
The sbove-mentioned values are determined with Aﬁ:: 95 cm plate size, They vary
}52 if the thickness of skin and ribs is scaled in proportiom to ‘22. With this
assumption, the values of Table 3 are calculated from the measured values (except for

R vhich stays constant).

Table 3. The gravitational sag of trianpgular plates of A€=: §7.5 cm

side length, without and with internal adjustments.

center | average rms dev. curvature
1 z Zj A R
: gc g g 8
% izt ad A jésd
No adjustime. % e0783 W0369 | ,0209 710
With adjustim. é {04046 i L0280 0151 977

If the plates at the apex are internally adjusted hth values (3s) for "up'" positicn,
then the saz docs not contribute explicitly to the total surface deviation if the telec-

nith. I the telescope then is tilted to horizon, the contributien frow

=& to the total deviation is Ag as defined in (53) and as given in
that plates toward the rim behave differently from those at the
lready treated ("A 300-ft High Preision Radio Telescope'; NRAO, May
-4) with the recult that this effect is negligible except for a

ad 1\.‘ Suﬂo Thuf},

A = 000595 inch = L0157 (59)

is to be ussd for the new desiga with D = ¢35 m.



3. Bumpiness of the Surface

Fig. 5 shows the shape of the surface aleng a center line, for the bumplest plate
and the most even onej both in "up” posiﬁion without internal adjusitments., We sez th

dominating large-scale waves, bul also some shorter waves of smaller amplitude.

The main task is finding the bumpiness as a function of the plate size, Instead of

. w

[+

L

cutting and riveting many plates of various size, the four plates with $5 ¢ have

been measured along all three ceunter lines up to various distances x from the plate

cornexr, as sketched in Fig. 6. A straight line then is put through the plate corner
and the surface point at distance x; and the deviation of the surface from this line
is called Ty Thﬁ s value of Zy is shown in Fig. 6 as a function of x. The bast-
fitting B%

R
3

y/ilne has a slope of B = 1.30 4+ .15, to be used in (44) ac the expor

?77e30
Ab ¢ AN [ ] /f . (60)

The bumpiness depends on the plate size, as well as on the internal adjustment

of the bumpiness. Thus

P

which in effect reduces the "wnadjusted" size. 411 four plates have been weasured in
"up" posiﬁ on at all 27 points of Fig. 7, with and without adjustments. The bumpiness
as defined in equation (40) is shown in Table ¢, scaled from /é*= 95 ¢ to 7.5 ca
according to (60)6 Table 4 also gives the correction &y as defined in equation (42),
with N = 4. The last line of Teble ¢ then gives the values of Ab and AN to be used

for the new design with D = ¢5 m diamster,

Table 4. Bumpiness éb and correction &4,, for /g = §7.5 cm and
various intersnal adjustmsnts,

by by
mm m
No adjustment . 137 «057
Center only 095 029
Sides and center 082 028

We see in Table 4 thal the buupiness is considerably reduced by adjusting the

soft plate center, whercas adjusting the stiff sides does not yield much decrease.



4o Internzl Adjustnent, Prabolic Fit, and Corner Error

After the best=fitting values (38) for the imternal adjustment were determined, all

o

four plates are adjusted with these valuss and are measuvred at all 27 points. For eac

digtance ry, from the plabte center, the average z, according to (44) then is calecula

from (40) we find the bumpiness B

=

and from (4¢) the ras devie tl@ﬁxﬁeﬁvecn the averazs
shape ) and the telescope parabsla zpa”’ This is dons in two stepst first with center
1S A

adjustment only, and second with adjustments of sides and center,

the result with center adjustment only. Since the plate regleus toward

the corners are not affected, a rather odd shape resulis.- The £it to ths parabola is

slightly improved as compared to the unadjusted plate (straight line).

Fig. 7 shows

The fit is comsiderably improved by addin ng the side adjustwments, as shown in Fig. o,

The fit actually is new so good that the total surface deviation is mainly dstermined

by the buspiness and not any wore by the fit of the averags chape.

The measursd values are scaled according to (45) and (60) to ,452 §7.5 cm, and the

resulting A is given in Table §, togethsr with the total surface deviation Ap according

" 543 oubine U 885 ana TCCEICR.
to (43) khlch combines fit, bumpine nd correcticn

h yus{dz) from Table 7, we find that the plain trian-

)

Comparing & from Table 5 wit

gular plates (n9 adjustoent) are slightly worse than honeycomb, while the center adjusi-

nent mukes them slightly bvetter, The triaangular plates with both side end ceater adjust-

7 of a milled surface, in spite of their low cost of only

jpete
oo

ment come close to the guald

95 p/ft s see Iniroduction,

Table 5, The guality of the adjustment fit Aa’ the total of the plate
error Ap, sud the total of plate and cormer ervor Apc'

For D= ¢5 m = 213 ft, and L= 67.5 cu = 2,22 Tt,

i
3 A Iy ; Iy
a P $ yc
i i) : i
H
0169 0225 { 6238
134 $189 {1 .182
Sides and centar 0027 « 100 ; 0120

Next, the corner errors wust be added. The corner thicknglf has been measuraed al
all 712 corners, and tne ras deviation from the average according to (45) is 00325 inch



= ,0820 nm, This then is scaled with (50) to = 67.5 oy yielding
b, = 00229 inch = 0582 mu. (67)

Together with the two other cornesr errars)frem manufacturing (47) and from tilt (<g),

we find from (52) the rms coatribution to the surface deviation as

A, = .00264 inch = 0677 wil (62)
This is added guadratically to Ap according to (53), and the resulting total ras deviat-

icn Apc is given in the last column of Table §.. Thus, the value to be used for the new
design, for the combined rms deviation resulting from the use of swall triangular plates

and their corner adjusters, is

Apc = 00473 inch = .120 ma. (63)

Table 6. Values of the ros deviation & for several D and ‘Af.

e
D= 300 ft 213 ft 213 ft
Aﬁx 95 cm 95 cm 67.5 cm
N = 78000 2000 18000
No adjustumznt - 415 WiN o532 Mt 235 Wbl
Center only «322 0418 ed82
Sides and center 0178 « 187 e 120

Table ¢ shows Ap« for three corbinations of D and i&: the old 200=ft design, the
new dianster of 65 m bul the eld plate size, and the new design with soaller plates,
The last tws cases show that cne should not decrease the number I of plates, bzcause
going to N = 8300 increases Apc already by 56 % » The first and third case show that
Apc’ with complate adjustment, varies roughly as Ap o~ D, if we scale A€'00 D,

Finally, surface deviaticns and nusber of plates are shown in Fig. 9 as functions
of A for D = ¢5 me An accuracy ccunsiderably better than that of the preseat desizn

could indeed be achieve waller plates, but thon it becomes more

and wore crucial that ot ng the corner errors, toc, VWithout
corner eryor, N = 30000 plates of size /C = 52 cn could enable observabions even at
A= 2mm, for D= 65



D

IV, Tre Performance of the £5 m Telescors

1. The Surface Deviation

The new design of D = 65 m = 273 ft is mainly scaled down from the previous design
of 300 £t ("A 300 Foot High~Frecision Radio Telescope'; NRAO, May 19853 Vol, I, II,

and ITI. Scaling to various diamsters is described in Vol. I, Chapter 7).

Table 7 gives 76 items of the surface deviation frem the best-fit parabeloid of
revolution, for D = ¢5 m and a plate size of ,ﬁ = 6705 Cms For scaling to other D and

xf, the single items vary as
oz oo DYAY (64)

with vy and B given in Table 7. The single items come from the following sourcess

Ttens ¢ throush ¢ from the present measurnentsg

Ttem 7 assumes that a new measuring technigue (Lo be described later) can be success-
fully applisd, measuring 5000 pointz or more within /2 hour, with an rms
accuracy of 003 inch = .02 mus Or it assumes that some such technique will

be developezd within the next 4 ysars.

Iten s assumes an ras accuracy of .66 am for the mechanical adjustment, which means
turning a cornzr adjuster by a givan angle. With a thread of 32/inch, this

demands an angular accuracy of # 27° , or about /4 of a right angle.

Ttem & deg scaled from the 300-ft desiga.

As to the thernal deformaticns, a good protective white paint is assumed. OCOur own
o,

measurnent f 4T = § "C , betucen sunshine and shadeow on clear summzr days, has also

w
(o]
=

.

been confirmsd by measvrments of Rohr Co. Furthermorz, it should be mentioned that

1

calm nights give suall values of 4T, vhile fast changes of ambient air temperature

ht
(larger AT) zre connected with higher winds,

Items 4 through & give 1/YZ' of the actual corner error, according to (57).



ngle 7o

Single contyributions to the rms surface dev!

and .Zfz 6§7.5 cm. Scaling to other D and
ruz(az);
Itens Y P ris( ”); Combinat
mn
s H
Plates (£ = 7.5 ¢m)
1. Bumplness o] 73 032
2. Average shape -9 2 «027 \ <1060
3. Number correction O | 1.3 e 029
Corners (£ /1) A
4. Corner thiclkmess o 7 2049 7}
' j Tol Sleloleyets)
Ss Adjuster tolerance e} sCG38 +057 140 at zenit
€., Adjuster tilt 0 0 040 ﬂg wind,
A = O
Teleszope adjustment (€/2)
\s . : (A = 2,25 mm)
7. Mezsuring 9 0 «057 ¢
<079
8« Adjusting o c $042
Gravity
9. Use of standard pipes 2 0 0122
i10. Sag of plate and ribs 0 2 5015 Tilt f 50%;
3 KT R o
117. Sag of large puanels 2 0 $ 080 otherwise e (1 = cos §>'
12. Buatarnal Joad on panels i 2 0 078
Wind '
13 Plate gnd ribs 0 7 i L0143
- » Wind of 18 mph (3/4 all tiro
14e TQNTLE 742 o } 027 : .228 otherwiss o v°,
75 Pack-up structure Te2 o i .z2z7
Tengerature ‘
o
‘ j'AT = 1C, 1 0 L9112 nmost of all nights,
16, Tharmal def. { AT o
LT = 8°C | 1 o 560 full sunshine and calm,

Nl



- 20 =

2e The Shortest Wavelensth of Obssrvation

2

5o f0 and 11 show the shortest wavelength, defined as

4
el

[ox
[543
%]

A = ¢ rus(az), (s5)

'y

Various QoLsServin COhdl tﬁL'.Ba» Se e - aa La WO LS - 48 L33 i3 SRCAIR V14115
th& t..lel Ulcﬁ.l de f g t:l, ns jm!i SUnsSnine are racvialy FECIRES 4 458499 EES R W oo SILoImA Ong
O ) 1 aominant F} ) 3-18 t}!ﬁ W 1{ dt f I3 {ei LI

are mostly in between. The results are summarized in Table 6.

Table g, Shortest wavelength A for various conditions.

Fraction of time

Conditions . . -
e (disregarding clouds, snow)

A€o,z mn Suns
93% of all tiue

- 4 o) s ahtme me £ 3 3 % o
A€ eo0 Sunchine and 5.5 € v £ 27 mphy 54 % of &1l days = 5% of
or night, and wiad € 27 mph 82 % of all pights { all time
A€ 4,0 mn Night and wind € 15 mph 67 % of all nights
ME 34 nm Hight and wind € 17 mgh 55 % of all mights
= 2,26 LA Zenith, no wiad, &7 = ¢ ]

A finzl estinate of the pointing error has to wait for a finished re-design of the
pointing system, and for an experiment (in preparvation) with a servoed platform znd a

laser beacen, Praliminary estimates of O, Heine lead to an ras pointing error of

v

Aﬂp = 263 ATTIEC, (66)

For some obsarvatlicns it helps if at least the pointing kuowledze is more accurate.

L]

Preliminary cstirates show that the pointing st any given time will be known within

bp, = 15 2rcuet, (67)
As compared to 2 beamwidth of
B = 11 arcsec (for A = 3 mn), (s2)



w 24 =

the pointing. ervors then are

]

b

A{po

«210 By (69)
«137 B,

il

which may be comparad to O¢ = .22 B for our 140-ft at A = 2 cm,

A Tinal improvement of the pointing error, from 2.3 down to 7,5 arcsec, s2ems
possible with a Cassegrain mirror oriented by fast servo motors, which decreascs the

dynanical lag of the pointing.

It 2lso should be mentioned that a preliminary cost estimate, scaled from the
previous 300-ft design, yields ¢ = § M for the total cost.
Finally, Fig. 72 shows the attenuation of the atmosphere zs z function of wave-

5
length. Severazl knewn or suspacted molecular linss are added (from I, Snydex).



Fig. Te

The triangular plate and its side adjustment,

© 3 corner points defining the plane of reference;
@ 4 srews for the intermal adjustment, pulling down;

¢ 217 points where deviation z from plane is measured.
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Fig. 9.

The
. 2 .
size ,ﬁ s for D = 65 m teclescope dizmmeter,

rios surface deviation of the plates, as a function of plate

plate deviation only (if corners are exactly on paraboloid);

A =

P

pe” conbination of plate deviation amd corner errors;
N = number of plates needed for D = 65 m,
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CHAPTER 22
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Fig. 22-1. Attenuation, calculated from measurements, by combined water vapor and oxygen. (After

C. W Tolbert, A. W. Straiton, J. H. Douglas, Electrical Engineering Lab. Rept. No. 104, University

of Texas, 1958.)

Fig. 12.

Attenuation from the

atmosphere.




