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TABLE I 
NGC 4151 (cont) 

DATE JD TEL AP v B-V U-B NOTES 
2440000+ ins secs 

1970Nov24/25 0916 20 25. 11.57 +0.69 -0.45 (1)(4) 
48. 11.25 +0.74 -0.33 

1970Dec 3/·4 0925 20 25. 11.58 +0,62 -0.48 
48, 11.18 +0.70 -0.36 

1970Dec29/30 0951 20 25, lI.52 +o. 62. -0,59 (l) 
48, 11.20 +0.70 -0.49 

1971Janl8/19 0.971 20 25, 11.44 +0.58 -0.67 (1) 

1971Jan25/26 0978 60 10.4 11. 79±0.02 +0.52±0.02 -0.74±0,03 
18. 11. 57±0.02 +0.57±0.02 -0. 63±0. 03 
33. 11. 31±0.02 +0.63±0.02 -0.54±0.03 

1971Jan27 /28 0980 60 10.4 11.84±0.02 +0.52±0.02 -0.69±0.03 
18. 11. 60±0.02 +0.57±0.02 -0.62±0.03 
33. 11. 33±0.02 +0.64±0.02 -o. 53±0.03 

1971Jan29/30 0982 20 25, 11,52 +0.61 -o. 66 (1) 
48. 11.22 +0.65 -0.53 

l971Feb24/25 1008 20 25. 11.58 +0,60 -0.58 (1) 
48. 11.24 +0.68 -0.49 
78. 11.07 +0,65 -0.40 

19 71Mar24 /2 5 1036 20 25. 11.65 +o. 64 -0.55 (1)(4) 

1971Mar26/27 1038 20 25. 11.60 +0.68 -0,49 ( l) 
.48. 11.29 +0.73 -0.39 
78. 11.04 +0 .. 74 -0.30 

1971Apr22/23 1065 20 25. 11. 58 +0.68 -0.48 ( 1) 
48. 11.24 +0.76 -0.40 

1971Apr23/24 1066 20 25· 11.60 +0.69 -0.44 (1) 
4?. 11.30 +0.74 -0.31 

1971May20/21 1093 20 48. 11.28 +0.66 -0.46 (1) 
78. 11.03 +0.71 -0.38 

1971May22/23 1095 20 25. 11.56 +0.58 -0.58 (1) 
48. 11,24 +0.63 -0.48 

1971May23/.24 1096 20 25, 11.53 +0.62 -0. 62 (1) 
48, 11.25 +0.68 -0.54 

1971Jun26/27 1130 20 25, 11.64 +0.69 -0.40 ( 1) 
48. 11.28 +0.77 -0.29 

1971Jun27/28 1131 20 25. 11.66 +0.68 -0.48 (1) 

1971Jun28/29 20 25. 11.60 +0.70 -0.46 (1) 

1971Jul 0/ 1 1134 20 25. 11.61 +0.70 -0.45 (1) 
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TABLE I-continued 

NGC 4l51 (cont) 

DATE JD TEL AP v B-V U-B NOTES 
2440000+ ins secs 

1971Nov22/23 1279 40 15. 11.86±0.06 +0.63±0.03 -0.66±0.04 
24. 11.68±0.06 -f0.64±0.03 -0.61±0.04 
30, 11.49±0,06 +0~75±0.03 -0.56±0.04 
45. 11.32±0,06 +0.80±0.03 -0.52±0.04 

[ 1.6µ] [ 2. 2µ) [ 3. 4µ] 

1971Febll/12 0995 60 7.9 9.2 ±0,2 8.42±0.08 
15.3 8.84±0,13 8:21±0.08 
32. 8. 51±0.10 7.97 

1971Febl3/14 0997 60 7.9 9. 26±01.12 8.37±0.12 
15.3 8.94±0.11 8.40±0.08 
32. 8.88±0.15 8.14· 

l971Har 6/ 7 1018 60 7.9 9.6 ±0.2 8.60 
15 .3 9.18,±0,;15 8,39 
32. 8'.82±0.11 8,18 

1971Mar 8/ 9 1020 60 7·.9 9.41±0.15 8.62±0.11 
15.3 8.93±0.11 8.37 
32. 8. 71±0.10 8.09±0.09 

1971Mar28/29 1040 100 5,0 9.60±0.10 8,70±0.10 7.28±0.15 
9.5 9,23 8.43 7 .19 

15 .o 9.00 8.29 6 •. 9€ 
19 .5 8,89 9,23 

1971Mar30/31 1042 100 15.0 9 .11±0. 08 8.47 6.93 
19 .5 9,01±0.08 8.39 

1971Apr22/23 1065 100 5.0 8.8 ±0.2 
9.5 9. 33±0.10 8.53±0.10 7 .16±0.12 

is .o 9 .11±0.10 8.40±0.10 7.16±0.12 
19,5 9.01±0.10 8.31±0.10 

1971May25/26 1098 200 5.0 8. 12±0.10 
9.8 9.33 8. 58 

20. 9.03 8. 39 

1971Jun20/21 1124 200 5.0 9.47±0.14 8.62±0.10 
9.6 9.37 8.55 

15. 9.10 8.46 

1971Jul 0/ 1 1134 200 5.0 9.53±0.10 8,62±0.10 7.13±0.10 
10.0 9.17±0,08 8.45 6.97 

1971Jul25/26 1159 200 5,0 10.10±0.12 9. ll'±0.12 
9.2 7 .11±0.12 

10.0 9.54±0.12 8. 72±0.12 

1971Jul28/29 1162 100 9.6 9.60±0,08 8.87 6.76±0.12 
13.6 9.40±0,07 8.66 6.08±0.ll 
28. 9.10±0.08 a.so 

197:1Nov21/22 1278 100 10.5 9,21±0.10 8.48 
13.5 9.11±0.07 8.41 7.20 
19 .5 8.88±0.07 8.26 
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TABLE I-continued 

NGC 5548 

DATE JD TEL AP v B-V U-B NOTES 
2440000+ ins s~cs 

19 71Jan2 7 /2 8 0979 60 10.4 13 .93±0. 02 +0.6f?±0.02 -0.47±0,03 
18. 13.52±0.03 +0.72±0;02 -0.35±0.03 
33. 13 •. 13±0~02 +0,76±0,02 -0.24±0.03 

[ i. 6µ] [ 2. 2µ] [ 3. 4µ] 

1970Apr21/22 0698 60 33. 10.1 ±0•3 >9.9 (6) 

1971Mar 6/ 7 1017 60 .15 .4 >10.2 10.0 ±0.2 (6) 
33. >10.4 9.60±0.14 (6) 

1971Jul27/28 1160 100 9.6 11.24±0.15 10.44±0.10 >8,2 (6) 
28. 10.68±0,13 10.18±0.13 

NGC 6814 

·DATE JD TEL AP [ 1. 6µ] [ 2 ,2µ] [ 3. 4µ] NO'l'ES 
2440000+ ins secs 

l~70Sepl9/20 08~9 60 15. 9.6 ±0.3 10.l ±0.3 
32. 9.7 ±0.4 9,9 ±0.3 

1971Jul28/29 1161 100 9.5 10.8 ±0.2 10. 51±0.10 >7.94 ( 6) 
28. 10.17±0.10 9,72±0.09 

NGC 7469 

DATE JD TEL AP v B-V U-B NOTES 
2440000+ ins secs 

1970Sep 0/ 1 0830 20 25. 13.05 +0.45 -0.53 (1) 
48. 12 .69 +0.56 -0.33 

1970Sep 1/ 2 0831 20 25. 12.96 +0.60 -0.40 (1) 
48. 12. 55 +0.70 -0.44 

1970Sep 2/ 3 0832 20 25. 12. 88 +0.59 -0.45 (1) 
48. 12 ,60 +0.61 -o. 30 

1970Sep 3/. 4 0833 20 25. 12,94 +0.58 -0.46 (1) 
48. 12.71 +0.62 -o. 39 

1970Sep29 /:ao 0859 20 25. 13.08 +0.60 -0,63 (1) 

48. 12. 77 +0.51 -0,30 

19700ct 0/ 1 0860 2Q 25, 12.91 +0.60 -0,46 (1) 
48, 12 ,59 +0.58 -0.34 
78, 12.30 +0.80 -0.28 

19700ct28/29 0888 20 25. 12.92 +0.64 -0.54 
48. l?.82 +0.64 -0.48 
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TABLE I-continued 

NGC 7469 (cont) 

' DATE JD TEL AP v B-V U-B NOTES 
2440000+ ins secs 

19700ct29/30 0889 20 25. 12 .97 +0.59 -0.42 (1) 
48. 12 .53 +o. 61 -0,34 
78: 12 .43 +0.64 -0.42 

124. 12.11 +o. 64 -0.33 

1970Nov23/24 0914 20 25, 12.88 +0.56 -0.56 (1) 
48. 12 .61 +0.57 -0.45 

1970Nov24/25 0915 20 25. 12. 88 +0.58 -0.58 (1) 
48. 12 .64 +o. 59 -0.49 

1970Dec 3/ 4 0924 20 25. 12. 85 +0.59 -0.60 
48. 12 .54 +0.65 -0.38 

1970Dec29/30 0950 20 25. 13.18 +0.82 -0.56 
48. 12.70 +0.63 -0.43 

1971Janl8/19 0970 20 25. 12. 94 +0.67 -0.47 (1) 

1971Jun26/27 1129 20 25. 12.90 +0,56 -0.46 (1) 

19 71Jun2 7 /2 8 1130 20 25. 12. 84 +'J.54 -0,49 (1) 

1971Jul 0/ l 1133 20 25. 12. 99 +0.56 -0.48 (1) 

1971Aug22/23 1186 60 10.4 13.27±0.05 +o. 44±0. 02 -0.72±0.04 
18. 12,99±0.05 +0,57±0.02 -o. 64±0,04 
33. 12.67±0.05 +0,58±0.02 -0.54±0.04 

1971Sep21/22 1216 20 25. 12. 92 +0.54 -0,66 (1) 

1971Sep22/23 1217 20 25. 12.82 +0.56 -0.50 (1) 

:1:.971Nov22/23 1278 40 15. 13.20±0.06 +0.45±0.03 -0.66±0.1 
24. 12.95±0.06 +o. 53±0.03 -0.57±0.l 
30. 12,65±0.06 +0.62±0.03 -0.47±0.1 
45. 12. 71±0.06 +0,60±0.03 -0.59±0.04 

[ 1,6µ] [2.2µ] [3,4µ] 

1970Jun29/30 0767 100 8.5 10.10±0,10 9.32±0.07 8. 25±0 .14 

1970Jull5/16. 0783 60 7.9 >10.60 9. 6 ±0,~2 (6) 
15.3 9 ,31±0.15 

1970Jul16/17 0784 60 15.3 >9.17 9.4 ±0.2 (6) 
32. 9.4 ±0,2 8.9 ±0.2 

± 
1970Sepl8/19 0848 60 10.5 9.8 ±0.2 9. 36±0.15 

15. 3 10.2 ±0.3 9.3 ±0.2 
32. 9.9 ±0.2 9.27±0.14 

19700ctl6/17 0876 60 6.4 >10. 3 9,6 ±0.2 (6) 
15. 3 10.0 ±0.3 9.23±0.14 
32. 10.0 ±0.4 8.80±0.11 
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TABLE I-continued 

DATE JD TEL AP 
2 440000+ ins secs. 

1971Jul27 /28 1160 100 9.5 
20. 
28. 

1971Sep21/22 1216 100 9.5 
15. 
28. 

Notes to Table I 
(1) Mean of two observations. 
(2) Cloud? 
(3) Near dawn. 
(4) Poor night. 
(5) Centring? 
(6) 3 a limit. 
( 7) Large error. 
(8) U observation dubious. 
(9) Observation through cloud. 

NGC 7469 (cont) 

[ 1. 6µ) [ 2. 2µ] 

9, 91±0. 09 9.30 
9. 82±0.08 9.27 
9.70±0.09 9 .11 

9,80±0.l 9 .11±0. l 
9. 73±0 •. l 9.15±0,l 
9.68±0.l 9.01±0.1 

TABLE II 

UBV photoelectric photometry errors on 20-in. 

[ 3. 4µ) 

8,7 ±0.3 

7.7 ±0.2 

Standard error of single observation 
Object av UB-V UU-B 

NGC 1068 0·03 0·03 0·04 
1275 0·08 0·07 o· 13 
3516 0·08 0·07 O' I 

4151 0·05 0·03 0·06 
7469 0·06 0·07 0·06 

Minimum standard errors for infrared photometry 

U(1•6µ] U[2•2µ] U(3'4µ] 

0 '07 0 '07 0 · I 0 

NOTES 

in Fig. I. The 1970 range of variation is represented by the arrows at the left-hand 
edge. As found by PPNTBV the photographic and photoelectric B light curves 
agree well after a zero-point correction necessitated by the smaller effective observ
ing aperture of the photographic observations has been applied. 

The optical curves show maxima in late 1971 January and late 1971 May and 
as before the pattern of variation is clearer at the shorter wavelengths. Lyutuj 
(1971a), who also reported UBV photometry up to 1971 March, confirms the 
January maximum but his magnitudes appear systematically brighter by 0·05-
0·1 mag. In general NGC 4151 was brighter in the optical in 1971 than in the 1970 
season. 

The l ·6 and 2·2 µ infrared curves show a constant plateau followed by a 
possible decline in 1971 July. Unfortunately the optical and infrared observations 
were not made on the same days (in general the optical observations were per
formed in the dark of the Moon and the infrared measures near Full Moon). Even 
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TABLE III 

Photographic data 

NGC 1068 

DATE JD m NOTES DATE JD m NOTES 

2440000+ 
pg 2440000+ 

pg 

1970Sep28/29 0859 12.64±0.10 19700ct 2/ 3 0863 12. 51±0.10 

19700ctl9/20 0880 12.63±0.10 1970Nov 3/ 4 0894 12. 64±0.10 

1970Nov 5/ 6 0897 12. 52±0.10 .1970Nov 8/ 9 0900 12.60±0.10 

1970Nov24/25 0915 12. 59±0.10 1970Nov25 /26 0916 12. 41±0.12 

1970Nov26/27 0917 13. 01±0.14 1970Dec21/22 0942 12 ,40±0.10 

1971Feb21/22 1004 12. 49±0.10 1971Sep 1/ 2 1197 12 .42±0.10 

1971Sepl6/l 7 1212 12. 39±0.10 1971Novl3/14 1269 12 ,41±0.10 

1971Nov22/23 1278 12. 4 7±0.10 

NGC 1275 

1970Sep 1/ 2 0832 13.59±0,06 1970Sep28/29 0859 14.55±0.05 

1970Sep29/30 0860 14.29±0.06 19700ct 2/ 3 0863 14.23±0.05 

19700ctl9/20 0880 14.29±0.05 1970Nov 3/ 4 0894 14.02±0.05 

1970Nov 5/ 6 0896 13.75±0,05 1970Nov 8/ 9 0900 14.01±0,05 

1970Nov25/26 0916 14.18±0.06 1970Nov26/27 0917 14.36±0.05 

1970Dec 1/ 2 0923 14. 20±0. 05 1970Dec 4/ 5 0926 14.14±0.05 

1970Dec 6/ 7 0928 14.23±0.05 1970Dec21/22 0942 14.30±0.05 

19'?1Feb2 l/22 1004 14.10±0.05 1971Sepl6/l 7 1212 14.28±0.07 

197lSep18/ 19 1214 14.42±0.05 19710ctl4/15 1240 13.65±0.05 ( 1) 

19710ctl9/20 1245 14. 02±0. 05 1971Novl9/20 1276 14.34±0.09 

1971Nov22/23 1278 14.22±0,05 1971Decl9/20 1305 14.27±0.05 

3C 120 

19700ct 2/ 3 0863 15 .10±0, 05 19700ct26/27 0887 15 .18±0. 05 

1970Nov 3/ 4 0895 15 .12±0. 05 1970Nov24/25 0916 15.04±0.05 

1970Nov26/27 0918 15. 02±0.05 (1) 1970Dec 6/ 7 0928 14.94±0.05 
1971Jan 1/ 2 0954 14.77±0.05 1971Janl8/19 0971 14.78±0.05 
1971Febl8/19 1001 14. 85±0.05 1971Sepl9/20 1215 14.86±0.05 
19710ctl9/20 1245 15. 02±0. 05 19710ct27 /28 1253 15.17±0.07 
19710ct28/29 1254 15 .10±0. 05 ( 1) 1971Novl4/15 1271 14.93±0.05 
1971Novl8/19 1275 14. 85±0. 07 ( 1) 1971Novl9/20 1276 14,92±0.05 (1) 

1971Nov22/23 1278 14.91±0.05 
NGC 4151 

1971Jan 0/ 1 0953 12 .32±0.05 1971Jan 1/ 2 0954 12.28±0.05 
19 71Feb22/2 3 1006 12.40±0.05 1971Mar2 7 /2 8 1039 12.66±0.05 
1971Aprl9/20 1061 12. 61±0, 05 1971Apr21/22 1063 12.63±0.05 
1971May21/22 1093 12.44±0.05 (1) 

NGC 7469 

1970Aug30/31 0830 14.10±0.05 1970Sep28/29 0858 14.12±0. 05 
19700ct 2/ 3 0862 14.02±0.05 19700ct 6/ 7 08.66 14.03±0.05 
19700ct26/27 0886 14.04±0.05 1970Nov24/25 0915 13.97±0.05 
1970Nov25/26 0916 13.75±0.10 1970Dec21/22 0942 13.93±0.05 
1971Aug24/25 1189 14.01±0.13 1971Sepl7/18 1213 13.79±0.05 
19710ctl2/13 1237 14.02Hl.08 1971Novl9/20 1275 13.78±0.05 
1971Nov23 /24 1279 13. 77±0.05 1971Decl8/19 1304 13.93±0.05 

Note to Table III 
(IJ Mean of two plates. 
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TABLE IV 

Sequences used to calibrate photographic magnitudes 

Object 

NGC 1068 
1275 

3C 120 
NGC 4151 

.1469 

Reference 

Penston et al. (1971b) 
Pagel (unpublished) 
Kinman (1968) 
Kinman (unpublished) 
Penston et al. (1971b) 

TABLE v 

371 

To convert the blue magnitudes, Be PB, or mean iris readings, (MIR)cPB, of Cannon et al. (1971) 
to the mpg systems of Table Ill use these relationships 

Object 

NGC 1068 
1275 
4151 
7469 

Relationship 

mpg = 0·45 + 0·950 BcPB 
= 14·48-0·134 (MIR)cPB 
= 1·81 +0·863 BcPB 
= 13·99-0·069 (MIR)cPB 

taking account of this caution, it is likely that the optical and infrared light curves 
are different from each other. A possible match however exists when the optical 
curve is delayed by one month but a delay of two months as found in 1970 by 
PPNTBV does not fit the new data. 

It is however noteworthy that on the average the infrared emission shares with 
the optical the property of being brighter (by 0·25 mag at 2 µ,) in 1971 than in 
either 1970 (PPNTBV) or 1972 (Becklin & Neugebauer, unpublished; Selmes, 
unpublished). This change in general level cannot be explained as an instrumental 
effect and seems strong evidence that the 2·2-µ, variations found here and in 
PPNTBV are real, and that on the time scale of one year the optical and infrared 
fluxes of NGC 4r5r vary together. 

The observations at 3·4 µ,show no clear behaviour with time and it remains 
uncertain whether variability exists. A possible case can be made for NGC 4151 
being brighter at 3·4 µ,in 1971 than in 1970 by an amount of order 0·3 mag since 
this relies on the mean of several observations. 

PPNTBV found that in 1970 the infrared 2·2 µ, maximum followed that of 
the opticalflux by about two months, consistent with a dust re-radiation model for 
the infrared flux. In 1971 the delay which fits the data is one month suggesting 
either that the dust cloud surrounding the nucleus of NGC 4151 has different 
structures at different times or that the dust model should be discarded. The dust 
model also predicts that the re-radiated flux cannot vary in magnitude by more 
than the illuminating source but the PPNTBV data showed as large magnitude 
variations at 2·2 µ,as in the U band after subtracting the flux from contaminating 
starlight emitted by the body of the galaxy. Only if the bolometric variations exceed 
those observed in U will the dust model stand. 

Even if the dust model is incorrect, a basic conclusion from the difference of 
the optical and infrared light curves found by PPNTBV and in the present data 
is that the optical and infrared emission either have different mechanisms or emanate 
from different regions. 
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FIG. I. Light curves at six wavelengths of NGC 4151. In the B light curve, open circles 
represent photographic observations from which 0·3 mag has been arbitrarily subtracted. 
Arrows at the left-hand side of the diagram give the range of variations reported by 
PPNTBV. 

3C I20 

For this object no UBV photoelectric photometry is presented here but Fig. 2 
presents photographic and infrared light curves over a 4-yr interval 1967-7i. 
Fig. 2 shows that the galaxy is variable in mpg by o·8 mag. 

In contrast there is no evidence of variability of 3 C 120 in the infrared since 
the root mean square dispersions of the observations about mean values of 
[1·6 µ] = 11·02 and [2·2 µ] = 9·94 mag, are 0·11 mag in both cases. These are 
comparable with root mean square values of the standard errors of 0·14 and 0·10, 
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respectively. Before it is concluded however that the optical and infrared light curves 
are really different, it should be stressed again that the optical and infrared observa
tions were not usually made at the same time. In fact the best documented instance 
of different behaviour in the optical and infrared is in late 1970 when an increase 
in mpg of 0·3 mag occurred when the infrared observations do not allow an increase 
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FIG. 2. Light curves at three wavelengths of3C 120. The photographic light curve includes 
results reported by Cannon et al. (1971). Overlapping error bars are omitted in a few cases. 
The crosses in the photographic light curve represent the results of Kinman (1968). 

of more than about 0·1 mag. This optical increase was also observed photoelectri
cally by Lyutuj (1971b) although, as in NGC 1275 and NGC 7469, there is a zero
point difference in the magnitude scales. The difference of the mpg and infrared 
light curves suggests that in this galaxy too the optical and infrared emission 
mechanisms are different. 

NGC I275 and NGC 7469 

Light curves for these two galaxies are shown in Figs 3 and 4, respectively. The 
photographic and photoelectric results for NGC 1275 can be brought into good 
agreement if the photographic results are corrected by addition of a constant flux 
(the light from stars in NGC 1275 falling outside the effective aperture of the 
photographic measurements but inside the aperture of the UBV photometer). 
This result is extremely satisfactory and shows there are no systematic errors 
present in either type of observation. The optical light curve shows irregular 
activity with a time scale of a month. Variations are once again clearer in the 
bluer colours but the changes are quite apparent at V. Observations by Lyutuj 
(1971b), while again systematically brighter than ours, confirm the first maximum. 

In the optical curves of N GC 7 469, the correction of the photographic measures 
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FIG. 3. Light curves at six wavelengths of NGC 1275. In the B light curve, open circles 
represent photographic values when corrected by the addition of a constant flux equivalent 
to that of a star with B = 14·25. Doubtful observations are bracketed. 

by the addition of a constant flux is again applied.* In this case there is weaker 
evidence for optical variability. Except for UBV data taken on 1970 December 29-30 
which are fainter in all colours and which cannot be easily explained as a centring 
error because the larger aperture data show the same effect, only subtle variations 
of order o· l mag seem to have occurred. There is some evidence however of a 
change of this order between the 1970 and 1971 observing seasons. The UBV 
data of Sandage (1967) and de Vaucouleurs & de Vaucouleurs (1972b) although not 

*The more approximate procedure applied to NGC 4151 of a constant magnitude 
correction is justified in that case by the smaller fraction of the light attributable to the 
normal starlight from the central regions of that galaxy. 
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Fm. 4. Light curves at six wavelengths of NGC 7469. Notation as Fig. 3, in this case the 
correction is by the addition of the flux of a star with B = 14·6. 

taken with the same diameter apertures apparently lie within the range of UBV 
magnitudes reported here. 

Unfortunately the infrared observations of NGC 1275 and NGC 7469 are 
neither accurate nor numerous enough to cast much light on possible variability 
at these wavelengths. Both galaxies might either be constant at 2·2 µm or, equally 
well, vary in the infrared by the same range as they do in the optical region. 

NGC I068 

None of the present observations in either optical or infrared show any sure 
sign of variability in this object and therefore no light curves are shown here. 
Table VI however summarizes the way in which this non-variability can be 
exhibited. The root mean square residuals from the mean magnitudes observed 
in UBV on the 20-in. telescope through the 25-arcsec diameter aperture are 
compared with the root mean square errors. The root mean square residuals and 
errors are similarly given for the mpg magnitudes observed at Herstmonceux. 

25 
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Finally, Table VI also contains the root mean square (rms) residuals of the infrared 
magnitudes for a 15-arcsec aperture, found if necessary by interpolation or 
extrapolation. 

These values of the rms residuals can again be compared with the rms error in 
each colour. It is seen that any variations must be very small, in U B V they are 

TABLE VI 

Limits on variability of NGC 1068 

Aperture Rtns Rtns 
Colour (arcsec) No. of Obs Mean residual standard error 

u 25 21 11·36 0·05 0·04 
B 25 21 II·28 0·05 0·04 
v 25 2I I0"44 0·04 0·05 
mpg*t 22 I2"52 o· IO "'0"I 
[I ·6 µ,] I5 I5 7·94 0·11 0·09 
[2·2 µ,] I5 17 7·28 o· IO 0·08 
[3. 4 µ,] 15 IO 5·35 o· 12 0 ·I I 

* One discrepant observation omitted. 
t Includes data from Cannon et al. (I97I). 

certainly less than 0·05 mag rms and for mpg, [1·6 µ.], [2·2 µ.] and [3·4 µ.] less than 
about 0·1 mag rms. It is interesting to note that because the photographic magni
tudes refer to a smaller angular diameter, the limits placed on the variability of the 
nucleus alone by the B and mpg results are comparable. 

Comparison of our UBV magnitudes with those of Sandage (1967) and de 
Vaucouleurs & de Vaucouleurs (1972b) also show no variation after allowance is 
made for the different apertures used. The V photometry of Smith et al. (1972) 
seems systematically fainter but agreement in U and B suggests this is a systematic 
difference affecting that band alone. The U magnitude of Lyutuj (1971a) is too 
bright by about o· 1 mag to fit the present data but since systematic differences in 
the same sense have been noted in his observations of other objects this probably 
does not denote variability either. 

NCC 3227, NCC 35I6, NCC 405I and NCC 5548 
The other galaxies were not observed so systematically and little can be said 

about their variability from the present results alone. However, comparison with 
the UBV data of others gives more information to tackle this question. 

In the case of NGC 3227, the only published data against which to make a 
comparison is that of de Vaucouleurs & de Vaucouleurs (1972b). The present data 
agree with their observations of 1968. 

NGC 3516 has already been established as a variable by Lyutuj (1971a) and 
de Vaucouleurs (1972a). The present observations agree with Lyutuj's in showing 
a fading in U between 1970 November and 1971 January. His zero-point difference 
is again present in the same sense as for the other objects. The 1970-71 observations 
reported here place NGC 3516 at the level found by the de Vaucouleurs in Vin 
1972 and in U lies intermediate between their 1968 and 1972 values. 

For NGC 4051, comparison with the observations of de Vaucouleurs & de 
Vaucouleurs (1972b) places the galaxy fainter by about 0·2 mag in V and 0·35 mag 
in U when observed for this programme. There is also a suggestion that the galaxy 
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FIG. 5. Magnitudes of NGC 1068 plotted against observing diameter in UBV, [1·6 µ.], 
[2·2 µ.] and [3·4 µ]. Points are this paper's data, pluses, squares, circles and crosses 
represent the results of Sandage (1967), Lyutuj (197rn), Smith et al. (1972) and de 
Vaucouleurs & de Vaucouleurs (1972b) respectively. Less accurate points are bracketed. 
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Fm. 6. Magnitudes of NGC 1275 plotted against observing diameter in UBV, [1·6 µ.]and 
[2·2 µ.]. Notation as Fig. 5. 
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was brighter in U when observed by Sandage (1967). This result addsNGC 4051 
to the growing list of variable galaxies. 

De Vaucouleurs & de Vaucouleurs (1972a) have also established the 
variability of NGC 5548. The present observations made in early 1971 agree well 
with the de Vaucouleurs' V data from 1971-72 but are possibly slightly fainter by 
0·05 mag in U. 

The infrared observations of these galaxies show no sign of variability except 
possibly in the case of the 2 µobservations of NGC 5548. Even for this object, the 
case for variability is very weak however. 

NGC 2782 and NGC 68I4 

For the last two galaxies NGC 2782 and 6814, only infrared observations are 
presented. NGC 2782 indeed shows an infrared excess as is confirmed by the 
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FIG. 7. Magnitudes of NGC 3227 plotted against observing diameter in UBV, [1·6 µ] 
and [2·2 µ]. Notation as Fig. 5. 
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IOµ. observations of Rieke & Low (1972a). It also shows an ultraviolet excess 
(de Vaucouleurs & de Vaucouleurs I972b). By contrast observations of NGC 68I4 
show no strong infrared excess nor is any such seen by Rieke & Low at IO µ.m. 
Neither does this galaxy show an ultraviolet excess according to the de Vaucouleurs 
data. Thus the classification of NGC 68I4 as a Seyfert galaxy must still be in some 
doubt. MacPherson (I972) on the other hand reported variability in this object
in view of the lack of well-authenticated variability in normal galaxies, however, 
this result needs confirmation. 

4· SPATIAL DISTRIBUTION 

In order to investigate the spatial distribution of the light from Seyfert galaxies 
the data of Table I are presented in Figs 5-I2 in the form of plots of magnitude 
against the logarithm of observing aperture diameter. Where appropriate similar 
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FIG. 8. l\lfagnitudes of NGC 3516 plotted against observing diameter in UBV, [1·6 µ.] 
and [2·2 µ.].Because of the variability of this galaxy only the U and B data from 1970 to 
1972 are plotted. Notation as Fig. 5. 
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FIG. 10. Magnitudes of NGC 4151 plotted against observing diameter in UBV, [1·6 µ], 
[2·2 µ]and [3·4 µ].Because of the variable nature of the galaxy only the UBV data taken 
between 1970 December 3 and 1971 February 24 are plotted. Notation as Fig. 5. 
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UBV data from other observers have been included. For some objects part of the 
scatter in these plots is caused by the variability; in the cases of NGC 3516, 4151 
and 5548 the figures include only data taken at a limited range of epochs. The way 
in which the magnitude-diameter curves change as NGC 4151 varies is discussed 
in PPNTBV. 
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FIG. 11. Magnitudes of NGC 5548 plotted against observing diameter in UBV, [r6 µ] 
and [2·2 µ].Because of the variability of this galaxy only the U and B data from 1971 are 
plotted. Notation as Fig. 5. 
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The agreement with other observers is in general good in the light of what is 
known about the variability of the Seyfert galaxies but Fig. 9 shows sufficient 
scatter in the magnitude-diameter plots of NGC 4051 to support the suggestion 
noted in the last section that this galaxy is a hitherto unannounced variable. 

All the galaxies show clear signs of increasing brightness with increasing 
aperture diameter in all the colours discussed here. It is thus important that 
photometry of these extended objects be reported with the appropriate aperture 
size certainly for all wavelengths short of 3 ·4 µ,. On the other hand for each object 
there is a wide range in the slope of the magnitude-diameter relationships for 
different wavelengths. These slopes are presented in Table VII in the form of the 
difference between magnitudes appropriate to 1 o- and 20-arcsec apertures for each 
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object and each colour. These differences are deduced from magnitudes inter
polated from Figs 5 to 12. Because some galaxies have been observed more than 
others there is a wide range in the accuracy of these differences. 

Inspection of Table VII shows that in general, the magnitude-diameter plots 
for a given galaxy are flatter in U than in B and flatter in B than in V. The only 

Galaxy 

NGC 1068 
1275 
3227 
3516 
4051 
4151 
5548 
7469 

TABLE VII 

Mean difference in magnitude between 10- and 20-arcsec apertures 
(i.e. the slope of the magnitude-diameter plots) 

11.U 11.B 11.V /1[1·6 FL] 11[2·2 FL] 

0·60 0·65 0·60 0·61 0·43 
0·33 0·44 0·44 0·55 0·43 
0·43 0·51 0·55 0·39: 0·37: 
0·22 0·31 0·37 0·3:: 0·34 
0·27 0·37 0·47 0·3:: o· 15: 
o· 15 o· 19 0·28 0·28: 0·20: 
0·34 0·40 0·49 0·3 :: 0·2:: 
o· 17 0·27 0·33 o· l:: o· 13: 

0·2:: 

o· l :: 

Values less accurate than ,..., 0·05 mag are characterized by a colon those less accurate 
than ,...,0·15 mag by a double colon. 

exception to this trend is NGC 1068 which is known to show considerable colour 
variations over the extra-nuclear regions of the galaxy (Smith et al. 1972). 

As is also apparent in Table VII, in the infrared the magnitude-diameter plots 
for a given galaxy are flatter at the longer wavelengths. Thus it may be concluded 
that the infrared and ultraviolet excesses in these galaxies are produced by a source 
primarily or wholly within the nucleus of the galaxy (PPNTBV; Neugebauer et al. 
1971; de Vaucouleurs & de Vaucouleurs l972b). 

How small one can say the nuclear source is depends on the smallest observing 
aperture used. In most cases this limit is IO-arcsec diameter but for NGC 415 l 
and 1068 limits of 5 and 3 arcsec, respectively apply. The 10-µm nucleus of NGC 
1068 has a diameter of order l arcsec (Becklin et al. l973b ). In the case of NGC 4151 
there is a further limit on the size of the infrared emitting regions because of the 
variability. 

In summary, it seems that the decomposition into a nuclear source showing 
ultraviolet and infrared excesses plus an extended source with normal galaxy 
colours, proposed in the case of NGC 4151 by PPNTBV, can be extended generally 
to all Seyfert galaxies. 

5· SPECTRAL DISTRIBUTION 

The data in this paper are well suited for a further examination of the view 
that the peculiar colours of the nuclei of Seyfert galaxies are caused by under
luminous quasars harboured in the nuclei of these galaxies. 

Table VIII gives the colours of the emission from both the inner IO- and 
20-arcsec diameter regions of the galaxies under study, after correction for the 
effects of reddening in our own galaxy. It has been assumed that the visual absorp
tion Av = 0·15 cosec bII magnitudes, where bII is the galactic latitude of the galaxy 
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and that the extinction is related to the absorption by 

Av: Eu-e: EB-v: Er1·6µJ-[2·2µJ: Ev-[2·2µ]: E[2·2µJ-[3·4µJ 

Vol. 169 

= l·oo: 0·25: 0·33: 0·04: 0·90: 0·04 

This extinction follows approximately the van der Hulst No. 15 law (1949). 
The corrected colours show the characteristic ultraviolet and infrared excesses 
noted in the last section. It is interesting to note however that large infrared colours 

TABLE VIII 

Interpolated unreddened colours in Io- and 20-arcsec apertures 

NGC Diam. ([I·6 µ]- (V- ([2·2 µ]-
number (arcsec) (U-B) 0 (B-V) 0 [2·2 µ]) 0 [2·2 µ]) 0 [3·4 µ])o 

1068 IO -O"OI 0·87 0·74 3·54 2·06: 
20 +0·04 0·82 0·56 3·27 I·82: 

I275 IO -0·38 0·42 0·7I 3 ·10 
20 -0·27 0·42 0·59 3·09 

3227 IO -0·05 o·8I 0·32 3·58 
20 +0·03 0·85 0·30 3 "I4 

35I6 IO -0·33 0·65 0·23: 3. I8 
20 -0·24 0"7I 0·29: 3. I5 

405I IO -0·22 0·67 o· 5I: 3·64 
20 -o·I6 0·77 0·5:: 3·40 

4I5I IO -0·69 0·46 0·7I 3. I7 1·54: 
20 -0·65 0·55 0·63 3·09 I ·3:: 

5548 IO -0·52 o·6I o·8:: 3 ·4:: 
20 -0·46 0·70 0·7:: 3. I:: 

7469 IO -0·77 0·37 0·63 3·8I 
20 -0·67 0·43 0·63 3·61 

are not confined to Seyfert galaxies and there exist galaxies without Seyfert charac
teristics with large infrared colours (Becklin et al. 1971; Rieke & Low l972a; 
Becklin et al. 1973a; Glass 1973). 

If the fluxes observed in the 20- and 10-arcsec apertures are subtracted, the 
colours of the emission from the resulting annulus (where they can be reliably 
obtained) are roughly those of normal galaxies. In the case of NGC 1275 which has 
an A-type spectrum (Minkowski 1968) they correspond to a galaxy with 
B-V,....., 0·4 mag (similar to the nucleus of M33). For all the other galaxies however 
the colours of the annuli, where accurate, are redder than this and resemble those 
observed in the nucleus of M32 (Penston 1973). 

Fig. 13 is the (U-B, B-V) two-colour diagram plotting the appropriate colours 
from Table VIII. With the exception of NGC 1275 the points lie close to a line 
representing a mixture of' quasar' light with colours U-B = - 1·0, B-V = o·o 
and' galaxy' light with U-B = 0·4 and B-V = 0·9. In all cases the points, repre
senting the colours observed in the 10-arcsec aperture, lie nearer the quasar end 
of the curve than do those for the 20-arcsec aperture. NGC 7469, 4151and5548 lie in 
the same region as the quasars, while NGC 3227 and 1068 fall closer to the normal 
galaxies. NGC 1275 lies away from this line in the manner expected if the under
lying galaxy is as blue as is indicated by the colours of the annulus mentioned 
above. These results are in essence identical to those obtained by Weedman 
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Broadband observations of Seyfert galaxies 
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FIG. 13. The two-colour (U-B, B-V) diagram for the nuclei of Seyfert galaxies corrected 
for reddening in our own galaxy. Closed circles appropriate to 10- and 20-arcsec diameter 
apertures are plotted for each object joined by an arrow pointing towards the smaller aperture. 
The colours of a few normal galaxies from Penston (1973) are plotted as open circles. The 
region occupied by the quasars is marked, as is the main-sequence locus. The 'mixture line' 
traces the positions accessible to a mixture of light with U-B = - l ·o, B-V = o·o and 
with U-B = 0·4, B-V = 0·9; all the Seyferts except for NGC 1275 fit this line well. 

( 1973)· The optical colours are therefore quite consistent with the presence of an 
underluminous quasar in the nuclei of the galaxies. 

Following a procedure analogous to the 'colour-given' method of Sandage 
( 1973) will enable the magnitudes and colours of the nuclear sources alone, and in 
particular their infrared properties, to be determined. The mixture line in Fig. 13 
may be parametrized by the proportion of light contributed by this nuclear source. 
This parameter permits the computation of the optical magnitudes of the under
lying galaxy, from which the infrared flux of the galaxy may be inferred. Hence by 
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TABLE IX 

Assumed colours for ' colour-given ' method 

([1 ·6 µ]- (V- ([2·2 µ]-
(U-B) 0 (B-V) 0 [2·2 µ]) 0 [2·2 µ]) 0 [3·4 µ])o 

NGC 1275 -0·01 0·42 0·2 2·0 
Other galaxies 0·4 0·9 0·2 2·9 0·2 
Nuclear source -1·0 o·o 

subtraction from the observed value, one obtains the infrared flux of the nuclear 
source. 

To use the colour-given method, colours of the underlying galaxy must be 
assumed. These are given in Table IX and are based on the observed colours of 
M32 or, in the case of NGC 1275, those of M33· Also one must pick at least one 
colour for the nuclear source. By picking both U-B and B-V to be those of the 
bluest* (i.e. least contaminated) quasars, one obtains two estimates for the propor
tion of, for instance, blue light contributed in the 10-arcsec aperture by the nuclear 
source. These two values may be averaged to give a best estimate for the ratio of 
nuclear source to total light, R. Using the optical colours for the nuclear source 
listed in Table IX, Table X gives the value of R for a 10-arcsec aperture and of Re 
corrected to a projected 3-kpc aperture. 

TABLE x 
Proportion of blue light in 10-arcsec aperture from nuclear source 

Object 1068 1275 3227 3516 4051 4151 5548 7469 
R 0·11 0·28 0·16 0·37 0·32 0·64 0·46 0·72 

Proportion of blue light in projected 3-kpc aperture from nuclear source 

Object 1068 1275 3227 3516 4051 4151 5548 7469 
Re 0·045 0·38 0·075 0·35 0·15 0·48 0·59 0·86 

TABLE XI 

Colours of nuclear components 

([1·6 µ]- (B- ([2·2 µ]-
Name (U-B)0 (B-V)0 [2·2 µ]) 0 [2·2 µ)) 0 [3·4 µ])o 

1068 -1·4: o·6:: I ·9: 6·o: 2·7: 
1275 -1·0: 0·4: l ·o 4·6 l ·6:: 
3227 -1 ·2: 0·5 5·5: 
3516 -1 ·o o·o: 0·3:: 3·8 
4051 -0·9 o·o: o·8: 4·9 l ·6:: 
4151 -1 '0 0' l l ·3: 3·5 l ·9: 
5548 - I "I 0·1: I ·7:: 4·2:: 
7469 -1 · l o· l o·8 4·3 l ·3:: 

The proportion of blue light from the nuclear source within a 10-arcsec 
aperture varies from as low as 11 per cent for NGC 1068 to 72 per cent for NGC 
7469. 

* Changing the colours assumed for the nuclear source has only a small effect on the 
results which follow. For example if U-B and B-V are picked to be those of an average 
quasar, the resulting values of R (Table X) increase by a uniform factor ,..., 1 ·3 and the 
values of (B-[2·2 µ])o (Table XI) increase by less than 0·3 mag. 
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These values have been deduced solely from the colours of the light emitted 
from the innermost IO arcsec of the galaxy. An entirely independent check on this 
procedure can be constructed from the slopes of the magnitude-diameter plots 
as noted in the last section. Accordingly Fig. 14 plots as solid circles the values of 
11B (the slope of the B magnitude-diameter plot) against the deduced values of R. 
A correlation is found as expected since a dominant central source naturally implies 
a flatter growth of flux with observing aperture. On the other hand the open circles, 
which are the values of the slopes after subtraction of a nuclear source of the 
strength deduced by the colour-given method, show only a scatter diagram. This 
gives confidence to the values of R in Table X. 

0 

• 

O·O 

0·0 0·2 0·4 0·6 0·8 l·O 
R _,.._ 

Frc. 14. A plot of l).B (the difference in blue magnitude between 10- and 20-arcsec aper
tures) against Re (the proportion of blue light within a proJected 3-kpc aperture emitted by 
the point source). The closed points are the observed values and show a good correlation, the 
open points are after subtraction of the light of the point source. The latter appear scattered 
and provide an independent check on the method of separating galaxy and point source. 

Using the values of R in Table X and the colours of the underlying galaxy 
listed in Table IX, the fluxes of the nuclear source in the Seyfert galaxies can be 
deduced at each wavelength including the infrared. The resulting colours of the 
nuclear components are given in Table XI and their energy distributions plotted 
in Fig. 15. For NGC rn68 and 3227, the derived visual flux of the nuclear source 
is much weaker than that of the underlying galaxy and its value is particularly 
sensitive to observational errors and to the assumed colours of the galaxies. Thus the 
B-[2·2 fl] colour is given in Table XI in preference to V-[2·2 flJ. Taking account 
of all the various sources of error shows however that except for the V magnitudes 
of these objects, errors are unlikely to exceed ,....., 0·3 mag in the colours of Table XI 
and are probably better than this in most cases. 

The U-B and B-V colours of the nuclear source in Table XI have been imposed 
by the colour-given method and thus fall close to those initially assumed but the 
infrared colours are by contrast entirely unconstrained and derived quite freely. 

It is interesting to note that in the nuclear sources the ([ 2·2 fl ]-[3 ·4 fl ])0 colour 
far exceeds ([1·6 fl]-[2·2 flDo· The energy distribution in this spectral region 
therefore differs from that of a single blackbody for which these colours are approxi
mately equal, but could be explained (Allen 1973) by a combination of two or more 
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FIG. 15. Energy distributions of the nuclear point sources in eight bright Seyfert nuclei. 
Circles mark the fluxes deduced for the point sources according to the method given in the 
text. Closed and open symbols mark more and less accurate results respectively. The long 
wavelength data of Rieke & Low (197za) are plotted as crosses. 

blackbodies (i.e. a dust shell with a range of temperatures). It could also however 
be produced by some non-thermal radiation mechanism. 

The steepness of the infrared energy spectrum of the nuclear source in NGC 
1068 is striking compared with the other objects. This galaxy also differs from the 
others in the width of its permitted lines (Anderson 1970). The nucleus of NGC 
1068 has been found to be extended at ro µm (Becklin et al. r973b) and shows no 
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2-µ, variations. By contrast the 2-µ, variability of NGC 4151 shows that in that 
galaxy there is a compact 2 µ, component. In these ways NGC 1068 resembles 
non-Seyfert infrared galaxies such as NGC 253 and M82 (Rieke & Low 1972a), 
while the others show greater similarities to quasars (Oke, Neugebauer & Becklin 
1970). 

The scatter in the ([1·6 µ,]-[2·2 µ,]) 0 and (B-[2·2 µ,]) 0 colours from nucleus to 
nucleus is in marked contrast to the homogeneity of the optical colours demon
strated in Fig. 15. This suggests the optical and infrared emission mechanisms are 
independent. 

There is a correlation (significant at the 5 per cent level) of the (B-[2·2 µ,]) 0 
colours of the nuclei with Re, the proportion of blue light contributed by the 
nucleus to a projected 3-kpc aperture. Nuclei weaker compared to their parent 
galaxies have redder colours. This correlation reflects the fact that the observed 
(B-[2·2 µ,]) 0 colours of the combined nuclear and galaxy light cover only a small 
range in spite of a wide range in the proportion of blue light from the nucleus. One 
attractive suggestion for this effect is that nuclei faint in blue light are highly 
reddened. However, other observations do not support this picture, in particular 
such reddening would affect the U-B and B-V colours producing a poorer fit to 
the mixture line of Fig. 13 than is found. Moreover neither (B-[2·2 µ,]) 0 for the 
nucleus nor Re correlate with the reddening deduced from the Balmer decrements 
(Anderson 1970) or the infrared-to-blue sulphur line ratios (Wampler 1968).* No 
other explanation for this effect springs to mind and furthermore it should be noted 
that correlation appears only after the contaminating light of the galaxy has been 
removed. 

6. CONCLUSIONS 

The optical results of this study are in good accord with the presence of under
luminous quasars in the nuclei of Seyfert galaxies. The colours can be well under
stood from the presence of objects with ultraviolet excesses characteristic of 
quasars in the nuclei, as Fig. 13 shows. Work by other authors suggests the spectra 
are also apparently related. To date all but two (NGC 1068 and 3227) of the nine 
major Seyferts discussed in this paper have been shown to be variable in the 
optical region. For the variability to be evident over the diluting effect of the 
radiation from stars in the Seyfert galaxies, the amplitudes must be larger than 
those typically found in quasars. 

All the Seyfert nuclei studied have spectra that turn up towards the infrared. 
While such infrared excesses are present in all the objects studied, this is evidently 
a phenomenon not confined to the Seyfert class and most Seyferts have con
siderably weaker excesses than a number of optically more normal galaxies. Usually 
the infrared signal from the nucleus does not completely dominate the normal 
starlight emitted by the galaxies at wavelengths shortward of 3 µ,. 

NGC 4151 has been found to show correlated variations on a 1 yr time scale 
between the short wavelength infrared and the optical; more work is needed on 
other galaxies. What is known about the relationship of optical to infrared month
to-month variability suggests that the emission mechanisms are different or that 
the emission arises from different regions. The simple dust model discussed by 

*Note that the relationship between these two line ratios claimed by Wampler (1968) 
is less convincing when Anderson's (1970) data are used. 
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PPNTBV for the source of the 2-µ radiation from Seyferts must be modified to 
fit the data presented here for NGC 4151. 

There is an interesting contrast between NGC rn68 and NGC 4151. In the 
former, the extended IO-µ nucleus suggests that dust re-radiation is the infrared 
emission mechanism whereas in the latter, the present results on variability make a 
non-thermal emission mechanism more likely. A future task of some importance 
must be to relate Seyfert galaxies to the non-Seyfert infrared emitting galaxies and 
determine if the infrared radiation has a similar mechanism in both cases. 
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