June B, 1939

Dear Bllea

I have been putting some work in on the data you eend
regpecting the affect of depth of paraffin upon retardation
of growth of the root of Lactuca seedlinge at different
lengths of aipnnuru to X=rays.

The data are really extraordinary in reepect of the
much higher preocision with which the different experiments
agres at the higher dosage rates, whether this is due %o
absorption by parrafin or not. PFProbably the most instructlve
thing I have done with the data can be 1llustrated by the
enclosed copies of working sheeta.

At this stage I adepted welghta osloulable from x, whioch
itself 1a the log sxposure, using the formula

log w = 1.75272 x
and subtraeting .580 in the second half of each bleck. This
gave me the working welghts
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%;:45' 3115'.1

of which the seocond column bears & constant ratio & llttle



more than & gquarter to the flrat.
Then for each half blook I caloulated B{wy) and ¥,
obtaining the anslysis of the 20 half blooks
Degrees of Freedom Sume of Bquares

Blocks 9 1.27676
Depth 1 4.28845

Depth x Blooks 29 .??%Eg
19 '

The values of B(wy) for treatments are obtained simply by
multiplying the ocolumn totals by the weights. Here I get:

1gt half  2nd half ltotal mean
65.13939 .8810872 7.0204882 .32553?2

EB- %ﬂg g% 3-531 04

13 asﬁ i 32 .4 4 Hg ?%Ei%gg
E ﬂiiﬂﬂ 39.5? Egﬁ 4aﬂég - 1395770

Theae glve the two further itema
Degrees of Freedom BSume of Bquares

Expo sure 4 533574
Exposure x Depth 4 + 00668
8 534236

Also, using the above totals to obtain S(wxy), 1t appears

that the linear uump&g;irin exposure takes up 5.31576, leaving
only .01998 for the thres non-linear degress of freedom. The
value of B5(wx?®) 1s 16.10833, and of 8{(wxy) 9.25354, so that
the regression is .5744568, and, me the difference in ¥ due

to depth of parrafin is .1938136, the squivalent difference in
log. exposure x is .3373859, very like your value .3315.



¥You will notice that I have taken out 27 D.F. for
poeeible effeots and left only 72 for error. Essentially
this only differs from your analysis by taking out the con=—
tribution of depth x bleoks, whioh 18 significantly large.
My resldusl 8.8. is .78124. Owing to my arbltrary weights
I cannot compare thie direotly with yours, but below I give
two comparable analyees, in saoh of which the mean aquare

error for these 72 D.F. is reduced to unity!

Analyals with welghts

D.Fs B:8Ba. Mean Eﬂuﬂl‘.
Blook 117.6 0
Eu:th' i 3gT.E§ % EE;
ure »
E:pnnur:p:.ﬂ:pth 4 A -E? g%;
Blooks x depth g 1.46 ; 717
Error T 2.00 . 000

Analysis without weights

D:Fs Bs !ﬂ- Mean Eq‘lll.:l"l
Bloake 8.14
Depth 2 1EE.EE EZi
Treatmant 4
Treatment x depth 4 é? .11
Bloocks x depth g 26.64
Error 712 72.00 l.ﬂﬂﬁ

It would appear, 1f I have made no mistake, and I am
deliberately sending you &ll the material for ohecking, if
you want to do so, that all the causes of differsntiaticn
;n growth rate are mocentuated by the welghting, or, in

other words, that the lnoreased preolsion which might be



hoped for has been effeoted. This is the firet evidence
that the welighta are any good. The guestionar could they
be better? and are they good enough? seem to me more
diffioult. I imagine that the latter ls in the affirmative
if, with admittedly improved weighte, 211 gonolusions of
importance are altersd to only & slight extent, To try
and trace what 1a happening, I have further subdivided the
8+88. for error from the different columne of the table.
The subdivielon appesra to be right, as the total cheoks
when eaoh B.8. i1s multiplied by its appropriate welght.
You will ses that B8(y = Y)® decreases in beth zerles with
length of exposure, but thie might not be very etrong
corroberation of the value of the welghts, sinoce, if one
welghted unequally members of aseries in reality equally
variable, one would certainly out down the residuals from
the more haavily welghted members. I therefore consider
the series of B.8a. after multiplication by the welghts
used. If the welghts were perfectly fitted, this series
should show zero regression on x, where, iff the determination
of the regresslon, the diffe._ent exposures are walghted
équally.

For the second half of the experiment, 1t appeara
then that the welghting has been about righs, while the
indiocation 18 that in the firset half it might, with advantage,

have been even steeper than the values used, If you have



4

tims you might find it instructive to take a higher value,
8:8:, € instead of 1.7H, for my welghting formula and ese

Af the expected consequencse Ars realiesd, namely, graater
equality in the firet half, and perhaps & rising segquence

in the second half,

Notice that I do not use weights based merely on the
variation of values &t esoh exposure, bepauses this will
necessarily inolude blook differsnces, if these are real,
as they seem to be, and this inolusion will be very much
more important with the more precise values at long
expopurss than with the less preolse values at short
sxposures. Henoe, one might expeot that your valuea of
%' would be in lower ratics than the true preclsions
attained at differant exposure length. Obviously, however,
when block effeol 1z not very great, as 1n this oase,
they provide a upaful ataret.

Yours sincerely,



June 2, 15319

Copy of working gheet - depth doase

I adopt welghting calculabls from x
Log w = 1.75272 x
subtracting the constant .5E0 in the second half of

each bloek
Tt fayy. Aowd bt |
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June 2/39

Copy for Dr C.I.Bliss of working eheet (depth-dose)
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welghting about
right



