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INTRODUCTION

The observations now finally published in this volume were made by Professor Peters, during the decade
beginning in 1860, with the 13-inch Spencer refractor of the Litchfield Observatory of Hamilton College, at Clinton,*
N. Y. They were prepared in tabular form by their author for publication, and his 412 pages of manuscript tables,
with some minor omissions, served the printer as copy. It is supposed that Dr. Peters also wrote an introduction
describing the methods of observation and reduction, but unfortunately this seems to have been hopelessly lost, The
fourteen original notebooks entitled, * Observationes astronomicae originales Maculae Solis,” are preserved in good
condition. These contain for each date a pendil sketch of the appearance of the spots on the sun’s disk (of diam-
eter about 11 cm), presumably copied from the Jarger sketch made on the projection screen. They also record the
readings from the chronograph sheets and the declination scale, together with the clock error,

There were also preserved the 312 sheets of reductions, representing the logarithmic work involved in deriving the
heliographic latitude and longitude. These also show what reduction guantities, calculated from the adopted ele-
ments of the sun’s rotation, were used each day, but they do not state whenee the elements were derived.  The author
doubtless computed tables for his own use in the work, but they have not been found, Tnvestigation has shown that
he employed for the longimude of the node and the inclination the values derived by Carrington from his long series
of observations, and recommended by him for future adoption, viz, N=53° 40" lor 1850, I=7°15. Dr. Peters
employed a different period and a different cpoch from these of Carrington, and reckenced his Jongitudes in the oppo-
site direction,

In order to give, in the author’s own words, a general description of the procedure followed in the observations,
the edilor has translated the iollowing article by Dr. Peters, which appeared in Band 64, pp. zog—213 (1865), of
Astronomische Nachrichien,

“Tn the obscrvations which have been made here since May 1860 on the phenomena of the solar surface, the
principle was adopied of measuring as far as possible everything of. a measurable character that appeared on the solar
disk. Therefore in the first instance the coordimates were deiermined of all the vigible spots on each date, and these
determinations were extended te all the isolated dots and the principal members of groups; also, indeed, to many
faculae of definite form, For spols of considerable extent the dimensions of the umbra and penumbra were micro-
metrically determined, generally in the direction of declinatien and right ascension.  An accurate sketch was always
prepared before the observations and was a necessary auxiliary, parily for convenience as a reference map during the
observations and partly for the comparative study both of the changes in the forms of the spots and the arrange-
ments of the components of the groups, as well as of the intensity of the outbursts and their rlative positions
and sequence, In the winter months chscrvations were made on every favorable day; but in summer, when fair
weather can be more safely coumted on, every second day was made the rule, inasmuch as this was in general suffi-
cient for keeping the spots under watch in their different stages; and, morcover, the use of the refractor for the obser-
vations at night always required o somewhat disturbing exchange of the attachments at the eyepiece.

“ For the observation of the sun the image was projected on a screen which, firmly attached te the refractor, shared
in its motions. At the lower end of the large tubc of the telescope two wooden rings were put on at some distance
apart; each having four corresponding holes through which wooden rods, only slightly elastic, projected about one
and a half feet. The projection Loard was fastened in notches cut in these rods at the same distance from the eye-
piece, and was held in place by the springing of the rods. This not enly assured the perpendicularity of the plane
of projection with respect to the optical axis but it also prescribed that the distance of the plane of projection from
the eyepiece was always the same when the Jatter was drawn out to a definjte mark corresponding to the sharpest
image. To the board was atlached a rather stiff sheet of paper on which had been drawn two systems of parallel
lines crossing each other at right angles. A single pin, passing through the center of these lines, attaches the paper
at the point where the center of the image of the field of the telescope falls, By tumning the sheet around the pin,
the lines can thus be made parallel to the directions of declination and hour angle. It is only necessary for this pur-
pose to let the sun’s limb, or any distinct spot, run across parallel to one of the system of lines, preferably along

! Latitude =43° 3" 17"

Longitude =gh rm 3705 W.
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iv Introduction

the centrel line, Since the angular distances from the center are projected toward the tangent, all points which transit
describe hyperbolic curves.  Thus we have a network of declination and time threads. For measuring differences
of declination the central vertical line is graduated like a scale, and since the field of view permits the whole solar
image to be seen, the scale-reading can be cxpressed in seconds of arc with the aid of the known apparent diameter
of the sun.  As one division has a linear value of } inch (with an angular value of about 23"), the tenths, and some-
times the twenticths, can readily be estimated, The differences of right ascension are measured by the diurnal motion
with the aid of a chronograph. In order to avoid a correction which would arise from the projection above mentioned
upon the plane, the transits were so arranged that use was made cither of the line passing through the center of the
field or of symmetrically situated pairs of lateral threads.

“The eyepiecc used is a so-called negative one of the Huyghens form, having two plano:-convex lenses with foca]
lengths of 3.90 and 1.75 inches, The magnification is approximately 75, and the field of view is 38', so that it
embraces on each side 3° more than the whole solar disk. The eyepiece is drawn out 1.45 inches in order to make
the image distinctly visible at the distance of the projection board from the eye lens—15.43 inches. The actual mag-
nification of the image is here about 140 times, or the number which we ohtain if the magnification given above is
multiplied by the quotient of the distance of the fable divided by the distance of distinct vision (7 to 8 inches),

“ Further explanation is required of the conversion of the scale-distance into are whereby the distance in declina-
tion of a spot from the sun's center is measured. On account of the size of the angles under which the rays fall upon
the paper, the tangenis can no longer be held to be proportional to the arc, and the value of a scale-division decreases
from the center of the field toward the edge. These angles have their vertex at the position for the eye; or rather, in
thiz case, where the eyepiece is diawn out, in more general terms in the point through which all rays pass affer
emergence from the eyepiece, and therefore the distance of this point from the board is concerned. Instead of com-
puting this from the dimensions of the system of lenses, we in practice get a knowledge of this most simply by
pointing the telescope toward the brightly illuminated sky and rendering the emergent pencil visible (as by blowing
smoke upon it), Let us denote this distance, expressed in scale-divisions, by D, the angle of the cone of the sun's disk
formed al the intersection by G; g is similarly the angle at the same point between the spot and the sun's center, p is
the apparent radius of the sum, 5 its magnitude read off from the table, 5 the distance of the spot from the sun's
center. Then we have :

= 5 rian@
tanGzﬁ, tan gm=—, whenge s_mﬂz:

therefore .
3 tan
P%“P'E'%'lang 1
But the last is the difference in declination of the spot and the sun; therefore
_.§ anG g
W
which is most conveniently adapted to caleulation in the form

ad

]og.ﬂﬂ=-1053+10g§+§ log see G—%log secg .

A small table of double entry, with the arguments s and p, gives A8 directly. For the apparatus here D=11g%, and
on the average G==19° 30". The diameter of the solar image measures somewhal over fen inches on the paper.

¥ The transits for right ascension are as a rule taken four times, twice before and twice after reading off the declina-
tions, cach time over one thread. When the number of spots is large, as has often been the case in recent years; and
several groups fall at the same hour-angle, cach section has to be determined for itself. The usefulness of the
chronograph should be particularly recognized in such cases as this where the objects follow each other in rapid
succession—often separated by only a fraction of a second. The clock is regulated to mean time so that the
differences of right ascension are obtained without further reduction, since the departure of the rate from apparent
solar time does not come into consideration, never ding g'yy. The accuracy obtained, as well as the sim-
plicity of the reduction and the whele procedure will be the more readily perceived from the following example,
The separate groups of each day are distinguished in order of right ascension by the capital letters, the separate
spots of the groups in the same order by the small letters with the attached exponents; but the most conspicu-
ous spot of each group is assigned the letter without an exponent; different nuclei in the same penumbra receive
subscripts. This mode of designation is preferable to that of current numbers,
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ExamrLE
1863, March 13.
Crmonoorar Reapuvss DreLoi- CrnonocrArE REasmics R. A, yaos Sun's Cexren Dircuimazion
SeaLk
Set 1 Set T Divigions See ILT Ser IV T " m ™ Mean | Divigons | #
©TLimb | ob zgm 1134 A1 3385 [ 4+46.2 [ oh g8m 2By | ob gom gafr 5 ca i el - B Daw
Ag 24.3 45.8 | —aa.7 40.9 §1 9.6 |—sI%y |—32'3 |—52%3 |—g2%1 |—§a%o5| —23.6 | —s5z0
a? 4.0 46.6 ;—20.8 q1.8 1o:4 | st.1 | 51.5 | i | 555 | g3 |—z3-r| —sa3
BB 53.3 43 222 [ = G 49 15.2 430 | 17y | g 9.9 .y 17.8 |— B.3 | —1moo
Ce 49 g2 27.6 | = g0 22.2 50.9{ 10.8 10,5 .o [ 10.8 10.8 | = 6.3 | —144
2 7.8 20.5 |+ 2.4 24.6 55.3 B 8.6 8.5 8.4 45| — 20| — 45
di 9.8 3.9 [+ 0.7 26.8 55.5 6.2 6.2 6.3 6.2 6.3 [— 16| — 37
Da» 19.2 3.3 [+ 10 253 56.0 5.8 5.8 5.8 5.7 5.75|— 2| — o
ds 1.9 30 [+ 1.4 28.8 3781 4.1 41 4.3 4.2 4.15|= 0.9 | = 31
a4 14.9 362 [+ 0.6 3.1 50.6{ 2.0 1.9 2.0 2.2 20 |—1.7] =30
et #B.3 59.3 [+ 3.6 45.2 g2 13.8 lbar.3 |+r3.3 [$rar (draer [droa (4 13| 4 30,
Eer 29.9 51.2 [+ 3@ 4f.0 15.0 { 130 131 12,4 3.3 13.1 [+ ey | + 16
P 37.7 4.6 |+ 1.0 49.8 8.5 36y | 166 | 16,7 | 168 | 16y |- 13| -
Feaumbra 4t 3.5 43 25.2 | +30.3 49.2 47.7 47.0 ares 47-5 47-3 | +28.0 | +631
F Center 43 35.7 | 4202 5o 20,9 40.9 | 48.2 457 477 48.2 | 47.95| +27.5 | +620
Penumbea 5.0 16,8 |+20.3 50.7 | 490 | 487 | ... | 0.0 | 4B.85|427.0 | +6op
©Limb 20.6 42.7 | —41.6 7.9 8 R s | s | s || s et | ka0 |
© Center |ch gom p5igy |ob gom 383505 [+ 2.3 | ob o 33tx3 ohsem r1g | 64958 | 64060 6G4978 64,6:% [FE1

“The mean of the times is o” 46™ y*2, and the correction of the clock +8¢5, so that the observations as taken
are valid for of 467 1517 mean time.

“The probable error of an observation was deduced to be +ofrr from a number of determinations of the time
of transit of the sun’s radius, by means of the deviations from (he average of cach day, For a spot the error in
general will be somewhat greater; and since en the one hand this has fo be multiplied by a number larger than
/2, while on account of heing the average of four determinations, it must on the other hand be divided by 2,
we may estimate the accuracy of the delermination as 1f5. The probable etror in declination will be about the
same, since here the limit of reading is from 4 0 % of a scale division.”

The formulae now involved are simply derived by applying the three fundamental formulae of spherical trigo-
nometry to the triangle having as its vertices the spot, the sun's pole and the center of the disk.

Let Ae and A8 represent the differences in right ascension and declination of the spot and the center of the disk.
Let p be the *zenith distance of the earth as seen from the spot,” and # be the geocentric distance of the spot from
the center of the disk. Then n=p sin #, where p is the sun’s radius. P is the symbol for the position angle of the
spot, Teckoned from the cast through the north, and N is the positfen angle of the sun's pole. B is the heliographic
latitude of the spot, B, that of the center of the disk; L and L, are the helographic longitudes of the spot and of the
center of the disk from the node.

Then we have At

=sin poos £}
s

——=sin psin P .
=sinp

sin Bracos (f—n}sin By+cos By sin (p—n}sin (P—N);
cos Bros {L—Ly=cos (p—n)cos B,—sin B, sin (f—n) sin (P—N) ;
cos Bain (L—Lo)=sin{p—n)cos{F—N).

For adaptation to logarithmic computation, let
gsin f=sin(p—n)sin(P—N),
g 005 { m=cos (p—u) .
Then we get sin B=gsin{B+{);
cos{L—Lo)cos B=gcos (Bo+8);
sin (L — Loy cos Be=gin(p—mn) cos (P—N) 2
5 1t gewms that it would have been more expeditions e wse addition and subtraction logarithms and emplay the first and third of the funda-
mental formulie, solving (L.~ Ly} by the tangent only when necessury,
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Indroduction

An example of the author’s reduction sheet now follows:

March 13, 1863 oh 46 Clinton Mean Thne
&) ) (s W i (O] n ) ) (0] (a0
Iras 1gad dnpsin P | slnprosP | smorcoe P r e ’.‘E_%;—'l PN o P—I)
ropebgn | 3.7i68n | g.3304n | 9.0o5sm q-9198 arg® 4§’ 0.0856 Ery 189 a1’
171004 2. 71858 B.7321% 0.Bgpan g.0173 214 14 0.0818 5 1By so
L. 25040 7.2788n Ga3024% 43058 g.giod 215 29 9.5287 19 0% S
1odge | 2.058as | 0.17aex | og.azase | 98733 | 231 40 | 03493 20 197 16
o.gatgn 1.0532n B0 0. 1160 Bggaz 99 34 g.1418 20 175 10
0.7924m 1.5083m 8. 5818 B.gBrgm R 201 43 grm;s 10 177 19
a.7507% 0.05338 7-0678x &, 74884 ©.0076 185 58 S05TT a0 161 34
o, G18on 1.320an0 B.3355n 8. Barin 0.07065 198 4o 8 Bi06 70 174 16
o. 30100 1.50810 B.ba74n B.qoatn 0.300% 232 2% #7054 20 208 4
1.086y 1.4771 8.4907 ¢.2755 9.9947 e 19 02813 20 344 5
10073 1.2041 B.argy 9. 3004 0086 4 40 g.3078 20 340 1
1,222 147710 B.q007n g.4118 9.0060 353 10 9.4140 20 328 46
1.680f 2.7024 o.8ebo 48600 4. 8501 4o 48 5.0008 4 16 a4
8. 1801 7.0136 —24" 24’  2.9864
3
‘gxscm lgi N Irp
[ »
{2 faa) [EXH (z4) (x5} (26} (£2] (8 (xa) (22) (a7)
iy | wnpoay | LBEGP. | wmeld) wsg ¢ PET I ) e | cs(Barg
a 90851 9.21aBx | o.tgsom | g.4102 p.ogrz | —31°% a3’ | —38° 34’ | guyogon | g.amo | o.8g3r
a 96813 | B.2324s | 021378 | 0.4583 0.9300 | —20 39 | —36 49 | 0.7770% | ©.5103 | 0.0934
b, 55268 o.2838n B.Brsfn 09.0730 0.0 — 3 50 | =11 & 0.28458 9.0749 9.0918
2 9.3477 g.4737m 3 .Brggm a.0890 09900 —i3 52 =1L % 9.38z22m 9.0000 0.0910
d 9.1308 B.gzgt 8.0654 99958 o000 + o 4 — 0 30 0.0539% 9.0958 9.0972
d! 0.0115 B.dvogq 5 G819 00077 o, Cou + o af — 6 g3 0.0701% 0-0977 9-0068
dz B.a401 .5000 B.aq01 94033 0.8 | 4+ 1 33 | — 5 33 | B.uoBges | 9.0085 | g.oglo
ds, 8. 828y &.9006 .Badt R o.5000 + o 23 | —6 a7 g.o723% 9.0000 5.0960
de 8. 7033 9.6726m | B.3750 5-9904 99999 | =1 22 | =& 32 | g.aynm 9-9995 | 9-9952
et 9.279; g.a153n | B.6o46x 9.9920 900094 p— 2 53 [—10 3 | 0.3418m 9.9925 | 90933
= 930! 95285 | B.B3ags | 0.0000 9-908p | — 3 359 (=11 9 | g.a8fum | 99019 | 9.0917
€ 94129 9-71aBn | o.1377% 9-0i40 g.0958 [ — 7 54 [—315 4 | 9.4151n 9-9831 | 0.0848
foe 0.0094 | 0.4508 F.dd1E 9.3170 G.goas | 451 1 | tds 5T | 0.85m 9.5387 | 0.8a30
e
B,
i o (3} (ag) tagh () an (=31 (=0} (o) G0 | 6D
it T RS S ":;[,{‘jfﬂf' fein :gﬁ-;ﬂ co B L r Mar. 1a[Mar. 14
g-g793® | 9-3721 | g.98pm | =767 7' | g.rpiom ggra | =10 5o’ | 1Bs® g o ut L4 =
o.0730m | 0.4727 | 9.0836 3 20 9~29g9ﬂ 9.0913 | =11 26 ,32 48 7§ as | =
o.5186n | p.obBy | 9.0740 19 37 | 0-2304m | 0.0ga7 | —1o 2B | 241 ax 62 35 < o
9.3271n | 0.0810 -0896 37 29 | g.27228 | B0z} | —10 47 | 248 39 69 43 ¢ L
g-13¥en | 0.0030 | 9.0958 7 57 | o.0407m | Boh72 | — 6 26 | 253 11 74 13 ¢ | ada
goflon | 3.0045 | 0.9077 5 56 | gojtés | 0.9968 | — 6 51 | 255 12 76 10 ¢ ¢
B.pzdan Q-00035 a.9084 4 5 8.gBgon 9.0081 — 5 32 256 10 77 e el o
8.8265m 9.0050 G- 0000 3 52 g.oriis | 9.00b¢ [ — 6 46 257 16 78 20 e @
L 99047 99050 735 G.ayogu | o008t |- B g2 | 358 33 79 3 @ i
9.2641 9.9358 | g.gga3 | +12 45 | g.3343%® | D.0935 | — g 53 | 271 53 9z 57 By oaz
4:2793 20836 | g.pe17 131 | g.27B3e | g.ogrg | —70 57 | ayz 19 93 23 P
9-3449 9-9339 | 9.9833 13 13 | 9-4043n | 9.oBsG | —xg4 41 | 374 21 95 25 Ji 4
9.9724 2:3810 -9861 5 3 | b 9.0862 | +14 22 | 336 45 | 157 49 = e
E LT 181" 4
o =178 50
long. of

The scheme of computation explains itself,

sin(p—n)

sinp

sun's rotation, as employed by the awthor, are:

prime meridian
from node

In the ninth column the author sometimes gives »# and sometimes

, for cither of which a table with argument sin ¢ could easily have been constructed, The elements of the
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Lengitude of the ascending node of sun’s equator =73° 40’ for 1830.
Inclination of axis to axis of ecliptic = 7° 15,
(These were the values recommended by Carrington.)
Mean daily rotation angle  =842/04=14%34,
or Mean sidereal rotation period =25.652 days.

This value was derived by Dr. Peters from his observations of 803 positions of 286 spots made at Naples in the
thirteen months from September 1845 to October 1846, as stated in his paper read at the Providence meeting of the
American Association, 1855,

“First solar meridian that in which the earth was at Greenwich mean noon 1860 January o

“T reckon the longitudes in the sense that any peint of the heavens would, as a result of the sun's rotation, suc-
cessively pass increasing meridians. This would corréspond on the earth to counting longitudes westward as posi-
tive” (4. N., 71, 243, 1868).

“To avoid ambiguity, it may be prefaced that the heliographical longitudes are counted in the direction opposite
to that of the rotation of the sun (or what corresponds upon the earth from the east toward the west), and a spot is
said to be following another neighboring one, when the former has greater heliographical longitude,~—when by the rota-
tion of the sun, it will come later into the same heliocentric position in regard to the fixed stars than the preceding
spot.”  (Asironomrical Nofices, No. 29, March 18, 1862.)

In order to facilitate the comparison of longitudes given by Peters with those of Carrington and those at Kew
and at Greenwich, a conversion-table iz given for each date of observation by Peters. A rigorous comparizson can-
not be made with Carrington’s positions, as the latter were derived from assumed values of the longitude of the node
and inclination, 1o which small corrections were obtained by Carrington from his whole scries of observations. The
difference is not, however, of any consequence in the identification of spois.

The following table, which has been calculated by Mr. Philip Fox, gives the angular distances between the
prime meridians of the systems of Carrington and DPeters for Clinton noon of cach day when Peters obscrved,  The
conversion is effected by merely subtracting Peters' £/ from the tabular value for the date (increased by 360° where
necessary), after due allowance has been made for the differcnce in time of chservation and in longitude of the place
of observation.

TABLE oF ANGULAR INSTANCES BETWEEN THE Prie MERIpTass oF PETERS aND CARRINGTON
For Clinton noon of cach day on which Peters obscrved.

1860 July 1z zob oz Sept. zg 194759 Dee. 15 182%0
May 23 213%30 15 205.41 26 44 23 181.20
24 .24 18 204.96 28 .13
25 Lol 20 .66 EL] 193 .83 1861
29 212.48 2z 36 Oct. 6 192.93 Jan. 2 179570
June 3 211,73 24 .06 7 .78 4 .39
4 .58 28 203.46 10 .33 3 325
5 .43 30 .16 12 03 12 178.19
6 .28 31 o1 15 191,58 22 176.69
11 210,53 Aug, 2az. 86 16 43 23 .54
12 .38 3 .50 18 .13 25 .24
13 .23 s .26 1g 150.08 27 175.94
14 o8 G S 24 iz Fel, 1 18
15 200.03 i #0135 25 .07 6 174.43
16 78 15 200,75 a3 8g.77 T 173-53
17 03 16 .60 30 .32 14 .23
18 .48 17 45 3x .1y 10 172.93
19 -33 18 30 Nov. 4 158,57 2z .0z
20 17 19 -15 5 42 A 171.57
27 208.12 20 o0 - 7 .13 26 42
28 207.97 Sept. 15 1gh.og 8 185.97 27 .87
30 .67 17 105.70 16 186,76 28 .1z
_[uIy 4 .07 18 B4 22 185 B6 Mar. 4 170.52
] 206.57 20 134 24 .50 7 07
7 b2 22 .04 25 41 11 16G.47
B A7 23 194.8g 28 184,06 15 163,87
9 32 - 24 74 Dec. 14 182.55 16 2
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22 .13 10 .43 g ! b a6
23 .00 12 .13 20 ‘2: i "o
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26 .55 20 135.93 26 : :; 2 3
27 .40 a1 8 23 liﬁ o Sg.“
29 e . ; . 22 .g[
May 2 161.65 :g ;_—s; :g nllgl; ag -
4 .35 ¥ 1.8 A : : &
: 35 i 3 -73 Pr. g :w.gg 20 88.85
7 160.89 2 57 7 51 - i
12 5G9 Nav. 1 g2 9 .gx Sept. 3 g ';:
.14 p 1 132, ; 2 o
14 159.84 12 ¢ g; if IOg.O? : a2
15 6o 14 17 i3 36 ] o
19 5 15 o2 I3 61 s 8
21 158.90 18 131.87 20 IDB. 3 5 o
a3 .9 15 .42 22 - = s
25 .19 20 .27 24 107. 2 o B5.29
30. I57.44 23 130.96 25 32 i o
3 a8 44 66 26 6 o o
June 1 .13 25 .51 a7 .g = o
5 156.53 26 .50 May 4 mﬁ.s 2 i
7 .23 27 .21 5 .43 = o
9 15593 Dec. 2 129.46 : i Oct. 3  8.50
10 78 1 3% 8 135:85 5 ol
12 .48 4 1 10 55 7 83.09
13 +33 5 .01 11 '49 12 133
ig 154.;% v 128,71 12 :25 12 B1y78
2 .5 10 .20 14 104.05 = "33
=) .28 iz .1 15 79 = 0%
22 153.08 12 127.96 13 .49 5 B0 28
a4 .68 13 81 ; L 79-83
4 - 20 .04
.53 14 .66 22 103.74 3 38
a7 .22 15 5z 24 24 Nov. =z -o8
20 152.92 16 .36 6 :
Taig 52 2 14 4 78.97
Iy .20 28 102.84 Iz 2
3 .32 22 126.45 30 54 4 ”.z‘."
5 .02 25 .00 June s 101.64 15 12
; 15:.:: 28 125.8% 8 .18 25 75.'52
2 & Ok = = L
2 G 3 zg .08 Dec. s ST
9 149.92 i s . i
21 G2 1862 July 2 e = i
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25 ot 3 6§ 6 nie & ol
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