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Measurement of Transition Probabilities in the Cl I, 11 and

C I Spectra

By E. W. FOSTER

University of London Observatory, Mill Hill Park, N.W.7.¢
MS. received 29th May 1962

Abstract. Using a vortex-stabilized arc in chloroform, transition probabilities
have been obtained for all classified Cl1 lines from 3900-5200 4 and for the
strongest Cl 11 lines in this region. New C1 measurements are reported in satis-
factory agreement with means from previous works. A strong continuum associated
with the chloroform plasma is attributed mainly to the Cl 1 recombination spectrum
in the 3900-5200 A region. Transition probabilities for Cl lines average 23%
above those of Hey.

§1. INTRODUCTION

RANSITION probabilities have been measured in Cl 1 and 11 by Hey (1959) and

in C 1 by Maecker (1953), Richter (1958) and Foster (1962, to be referred to as I).

The primary objective of this work was the further determination of chlorine
transition probabilities previously measured only for three lines of Cl 1 and one of
Cl 11. Experimentally, chlorine is of interest because of the number of stable volatile
metallic and other chlorides.

Basic types of light source suitable for this project were the liquid vortex and solid
wall stabilized arcs (Maecker 1951, 1956); considerations, governing our choice of the
first mentioned, follow.

The liquid vortex arc produces more gas turbulence than the wall-stabilized type.
Both types possess a large radial temperature gradient which may cause thermal diffusion
and other undesirable plasma component separation effects. These are at least reduced,
if not eliminated under our conditions, by the greater mixing of gas with the liquid
vortex arc. Against this advantage is set the disadvantage of greater wobble of the arc
column than obtains with wall stabilization. However, if the wobble is small it can be
tolerated and some correction can be applied for the resulting defect in the axial emission
relative to that from a steady plasma column (I). But with the possibility remaining of
residual wobble and/or plasma separation errors, pure chloroform was chosen as the
vortex fluid for this work. This enabled the C 1 spectrum to be excited under good
conditions simultaneously with those of Cl1, 11 and H. C 1 transition probabilities were
derived independently and compared with existing data; agreement guards empirically
against serious error in the chlorine measurements.

For the very steady wall-stabilized arcs attempts have recently been made to calculate
certain separation effects (Frie and Maecker 1961). Notwithstanding excellent progress
Richter (1961) maintains that it is not usually possible to make the correction very
accurately.

+ Experimental work done at Imperial College in 1959.
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§2. EXPERIMENTAL
2.1. Light Sources, Optics, Spectrograph

Details of the arc chamber used have been given in I. The arc, operated at 52-69
amp d.c. was viewed end-on as before. Phosgene and other heavy noxious vapours
were produced from the chloroform and partially removed by a fume extractor but an
old Service respirator gave full protection.

The Euler (1953a, b) carbon arc with a 5 mm Ringsdorff Spektral IT anode was the
photometric standard.

The spectrograph and optics of Foster (1958) were used. The spectrograph is a
photoelectric recording machine for absolute intensity measurement. It is normally
used at a resolving power of about 3000 which produces a useful instrumental broadening
unless close lines have to be resolved.

2.2. The Recordings and their Measurement

Chloroform and adjacent comparison spectra were recorded on 6 feet of Ilford
5G91 70 mm film from 3850-6600 A with a dispersion varying from 1-92-1-89 & mm-1.
The scanning rate was about 186 & sec™! so that a recording required 15 sec. The total
running time for the chloroform arc was 45 sec per recording; 30 sec were required
for checking operating conditions and for the attainment of steady conditions in the
light path through the electrodes.

Measurement has been facilitated and accuracy improved firstly by making indirect
instead of direct measurements from the film, which is now projected on to graph
paper using a distortion-free photographic enlarger. The spectrum, now magnified to
2 mm A1, is traced out. Secondly, a machine is used to rectify sections (strong line
peaks) recorded at reduced sensitivity; this is a specially constructed pantograph which
moves over the spectrum trace on rails parallel to the wavelength axis, the pantograph
action occurring perpendicularly.
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Figure 1. Typical example of recorded and rectified spectrum.

Original and rectified traces of parts of the chloroform spectrum are shown in
figure 1. Corrections, arising especially because of the optics geometry needed to
observe a long thin plasma filament end-on, must be applied to the simple CHCI/C
deflection ratio to render the chloroform intensities absolute. The resultant correction
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factor F for this set-up was derived in I for arcs in steam, etc. and is similar here apart
from effects resulting from the radial intensity distribution having about twice the
breadth measured for steam. Here 1:06 < Fj < 1:09 compared with 117 < F < 1:25
formerly. Possibly excepting H,, which was not used, all lines were optically thin.

2.3. Treatment of Unresolved Lines and Weak Lines

The low resolving power (§2.1) rendered the occurrence of several unresolved
blends inevitable. In these, as in other cases, only the total absolute intensity was
measured (by planimeter).

To assign intensities for such Cl 1 blends, Kiess’s (1933) visual scale intensities were
used. Figure 2 shows Kiess’s data plotted against our photoelectric absolute intensities.
The precision of Kiess’s scale becomes evident from the log plot.

50 52 54 56 58 60 _ 62 64

30 . log (ubsdlute intens'ity) '
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Figure 2. Kiess’s (1933) visual scale intensities on an absolute scale. The absolute
intensities refer to an 18+5 mm plasma column measured end-on.

By this combination of high resolution relative photographic and low resolution
absolute photoelectric measurements, absolute intensities were assigned with fair
certainty to most blend components. Figure 2 also makes possible the assignment of
absolute intensities to weak lines observed photographically by Kiess but undetected
or too weak to measure here.

This procedure would hardly be possible but for the circumstance that the upper
states of nearly all the Cl 1 lines observed have about the same excitation potential, so
that any difference between the ‘temperature’ of Kiess’s source and ours should not
produce much error. The Kiess excitation mechanism no doubt differed from ours
but figure 2 does not give much indication of non-thermal behaviour.
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§3. REDUCTIONS

Thermal equilibrium and thorough mixing of the chloroform dissociation products
is assumed. Equations similar to (1)~(5) of I can then be written down to describe the
particle equilibrium at temperature 7 and pressure P (atmospheric) for a plasma of
chemical composition CHClj at room temperature.

From these equations we can derive the eliminant

(b’ — el = ('~ )~ b ~b)} = et ~b)—d'}2 M)

to determine the neutral hydrogen atom density zxH. This is equation (7) of T but
the symbols now take the meanings

b=3SnyH-N ¥ = SC4+280
¢ = 5STuxE ¢ = 2SUSC_ NSO (250 SC_ gH) @)
d' = nyH(SESCL4 SCFCL_QSHSC)_ NSCISC

with N = P[kT and SH, SC, SCI the Saha functions S(T) for neutral hydrogen, carbon
and chlorine at temperature 7 where

(QemkT)2 2.7, [—E—AE]
—— X s o
B Zg- KT

S(T) = 3)

Z is the partition function of the neutral atom (N) or ion (i), E the ionization energy of
neutral atom,

AE = 7% 8068 x 10~7 ¥/nchc erg, C)]

and 7 is the electron density.
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Figure 3. Particle density as a function of temperature in chloroform plasma.
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A 409% underestimated 7, for Unsold’s (1948) correction AE enabled a proper
solution of equation (1) for #yH to be found numerically. The other particle densities
including #e were then readily obtained to a first approximation. This 7, was then put
into the Saha functions in equations (2) and an iteration performed on the solution of
equation (1). Results are shown in figure 3.

We shall not repeat details of the derivation of the transition probabilities 4,™,
beyond saying that H s and H, absolute intensities determined the gas temperature,
which could be read off from the computed curve shown in figure 4 (cf. I, figure 6).
Transition probabilities of C 1 and CI 1 and 11 lines were obtained from computed
curves of the functions [/(7)ds/nP A, against T, figures 5, 6, and 7, and a knowledge of
T and the absolute intensities.

§4. RESULTS

Transition probabilities 4, (m refers to the upper and 7z to the lower state) and
&f-values tabulated below are mostly means from independent reductions of seven
chloroform arc recordings with gas temperatures in the range 11 177-11 617 °k. The
expression | gf | is symmetrical in the upper and lower states. Thus, if faps and for are
respectively the absorption and emission oscillator strengths for the transition in question
and g refers to the statistical weight of the state, we have —gmfem = gnfans = | gf |.

The continuum intensity is derived from the same recordings grouped now into
two sets, for each of which an average temperature is extracted.

Chloroform continuum

The thick lines in figure 8 show the end-on continuous emission. The standard
carbon emission has been added for comparison (see below for computed continua).

Table 1

Comparison of C1 Transition Probability Measurements and Recommended Mean
Values. The gf-values.

M @) ®) ) (©) ©) 0 @®)
5380242 71 125 120 £9% 115 +69% 10-5 108 141
5052122 86 130 161 +8% 127 +49 126 126 241
5040 15 30 2:09£7% 134+139, 2 20 114
4932-00 15 350 463 £5% 340 +6Y% 32 33 12:1
4826-73 — — — 34129 — — —
4770 52 1220 126 +8% 95t D 99 9-8 301
437133 — — — 4 Bl — — —
4268-99 — — — 2:3 £8% — — —

(1) Wavelength (&); (2)—(7) Au™ x10-5 (Anm in sec™); (2) Maecker 1953; (3) Richter 1958;
(4) Foster 1962; (5) this work; (6) previously recommended mean values (I); (7) new recom-
mended means from all data; (8) | gf | x 10%, new recommended means from all data. Tolerances
are probable errors from scatter. BI, extracted from blend with Cl1 AX 437155 and 4369-52
after our absolute equivalent of Kiess’s intensity (figure 2) had been subtracted from our absolute
intensity for the blend ; see note 13, table 2. A 5040 and 4770 data refer to complete multiplets (I).
For details of transitions see Moore 1945.

4104
(
here
of th
H,m
P, po
ible ]
(3) BI
(20K
(11) I
4371
\'er_v W
work,
intens:



d
e
re

8]}

to

ard

ean

|1 =

1958;
scom-
-‘ances
6952
solute
ots ().

Cl 1, 11 and C 1 Transition Probabilities 887

Table 2
Cl 1 Transition Probabilities A,™ and gf-values (4.™ in sec™?)
Transition

()\) InteKnsity (Kiess 1933) 10-54,m 108] gf | Notes

A n m 1)
5140-35 (5) 4s 2P1/2—4p’ 2P3/2° 2-46 3-90 K:n
5099-80 8) 4s 2P1ja—4p’ 2Py )20 846 6-60 K: (2)
4976-62 (10) 4s 2P3/2—4p’ 2P3/2° 4-03 £89% 5-98
4852-70 8) 4s 2P3/2-5p 4Ds/2° 2617 4-60 K: n.o. (3)
4818-64 2) 4s 2P1/2-5p 4S3/2° 1-86 2-60 K:29-4% 4)
4818-42 3) 4s 2P3/a-5p “P1/2° 3-94 2-75 K: 33-8% (4)
479676 ) 45 *P1j2-5p 1D 193 D467 K: 20:7% (5)
4740-71 (10) 4s 2P3/2—5p 4Ds/2° 4:53.+7% 6-11
472124 @) 4s %P3)5-5p 2Dj/20 223 +7% 448
4691-53 - 12) 4s ?P3/2—5p 4D1/2° 10-80 +79%, 7-14
4677-76 @) 4s 2P3/2—5p 251120 520 +189, 3:42 B
4674-40 2) 45 2P3/a-5p *S3/2° 1-81 2-37 K:n
4661-22 (18) 4s 2P1/2-5p 2P3/2° 8:46 £5% 11-0
4654-05 (10) 4s 2P3/5—5p 2D3/2° 467 +99, 6-08
462396 (10) 4s Py jp—4p’ 2Ds20 438 +79, 5-62
4601-00 (20) 4s 2P1/2-5p 2P1)2° 42-1+39% 267 H
4580-47 3) 4 1P3j2—4p’ 2P3 a0 175 2:20 I s
457817 @) 45 4Py /5-5p P30 1-68 +159% 2
4545-38 ) 4s “P3/2—5p P50 0-51 0-94 K: n.o.
452620 (30) 4s %P3s-5p P30 407 +2°, 50-0 H
4491-05 (10) 4s 2P3/a—4p’ 2D3/2° 453 5-48 ?BL 2 (6)
4475-31 (15) 4s *P3/2-5p “Ds/2° 470 +59, 847 BIL(7)
4469-37 (18) 4s 2P3/a-5p *P12° 122 +79%, 7:32 P (8)
4446-11 4) 4s 4P3/9-5p ‘P10 4-40 261 K: 50% (9)
444583 ) 4 %P1/2-5p D32 2:30 273 ° K: 50% (9)
443848 (20) 4s 4P5/-5p 4Ps /20 112 +49 199 P (10)
4403-03 (15) 45 1P5/3-5p P32 6-48 7-54 K: 74-6%(11)
4402-58 “) 4s 4P1/2-5p *D1/2° 4-91 2-86 K:25-49%(11)
4390-38 7) 4s 4P1/2-5p 25120 7-58 4-39 K:10-5%(12)
4389-76 (25) 4s 4P5/2-5p D720 129 299 K:80:0%(12)
438755 (6) 4s 1Py )3-5p 4Sg/20 3-43 3-96 K: 95% (12)
4379-90 (20) 4s “P3jo— Dp 4D3/20 10-3 £69; 11-9
437155 (5) 4s “P5/2-5p *Ds/2° 1-44 2-48 K:22-6%(13)
436952 (15) 4s *P1/2-5p 2Ds3j2° 6-39 7-33 K:59-7%/(13)
4363-30 (20) 4s 4P3/2—5p 2Ds)20 649 £89%, 11-1
4337-80 a) 45 P35-5p 4D1/a0 262 1-48 K 5146
432335 (20) 45 1Py-5p 4Sp/20 11-5 £4% 129
4305-55 1) 4s 4P1/2-5p 2D3/2° E -
428043 @) 4s Pgjp5p Dia 159 175 K: n.o
426459 (5) 45 1P5/5-5p 2Ds 20 1-64 +129 268
422644 (15) 4s 4P5/2—-5p 45320 6-06 6-50 K: (14)
420968 (12) 4s 4P5/2-5p 2D3/2° 410 +10% 435
4147-20 ) 4s “P3j2—5p *P1/2° 3-83 £149% 1-98
410478 3) 4s 4P5/2—5p 2P3/20 2-00 2:02 K: n.o.

(1) K, result depends on use of Kiess’s data in some way; n, not measured ; n.o., not observed
here; B, broad ; Bl, blend ; %, line in question is about the stated % of the total measured strength
of the blend using K intensity and figure 2 (which was derived using only unblended Cl 1 lines);
H, measured by Hey; E, error in classification; ?A, anomalous behaviour, possibly A-displacement;
P, poor agreement between K and F intensities. (2) Cl11 Bl 5099-30 (100 KB) probably neglig-
ible here. (3) Interference by Hp. (4) Bl Clir 481946 (200 KB) and ‘Cl1 481842 q.v.
(5) Bl Cl 11 4794-54 (250 KB). (6) ?Bl Cl 11 4490-00 (50 KB) negligible here. (7) Bl Cl 11 4475-:28
(20 KB) negligible here. (8) Ir = 0-55 Ix-r. (9) Bl Cl1 4445-83 q.v. (10) Ir = 1-55 Ix-v.
(11) BI Cl1 4402-58 q.v. (12) Bl Cl1 4389-76 and 438755 q.v. (13) Bl Cl1 4369-52 and C1
4371-33 which has about 17:59, of the total intensity observed. The C 11 lines hereabouts are
very weak in our source. (14) Weak Ca 1 4226-728 bl. In the above notes, F refers to the present
work, KB to Kiess and de Bruin (1939) and K-F to values given by Kiess corrected to absolute
intensity by use of figure 2 of this work.
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Table 3
Cl 11 Transition Probabilities, 4, and gf-values
A Intensity Transition 10-8 4™ | gf | Notes
(&) Kand de B K and de B (An™ in sec™t)
n m

542325 (150) 3d 5D4%—4p 5Ps 0-38 1-19 1
4819-46 (200) 4s 5S20—4p 5P1 1-32 1-38 )
4810-06 (225) 45 5S520—4p 5P2 1-39 £7% 2-41
4794-54 (250) 4s 5S29—4p 5P3 1-47 £30% 3-55 3)
5217 (75) 45 35:%—4p %Po,1,2 0-58 £209% 241 4)

(1) What is actually observed includes A 542352 and A 5424-36 (for which allowance has been
made using LS coupling intensities); (2) Bl Cl1 481864 (2K) = 29:4% and Cl1 481842 (3K)
= 33-8% of total, whence 481946 has 36:79% of total; (3) log mean used to obtain Ax™ here,
Bl Cl1 4796-76 (2K), which has 20-7% of total intensity; (4) components included here are
5217-93 (150) and 5221-34 (75). K and de B, Kiess and de Bruin (1939).

§5. DISCUSSION

5.1. C 1 Transition Probabilities

Excepting A 5040 (see I), the new data in table 1 column (5) agree well with the
previously recommended means in column (6); it is questionable whether these difter
significantly from the new recommended means in column (7). This result is the best
that could have been hoped for, but there is a disturbing scatter amongst the very
careful measurements from different experiments.

60,
x10™

x107

50

40

30

M(erg cm sterad™)

20

JI(®)d% (erg sec’cmsterad™)

4932

0

L n 1 % 1 I L I’ 1 1 1 1 1 ek 1 .
11000 12000 13000 11000 |20I00 13000
Temperature(K) Temperature (°K)
Figure 4. Absolute intensities of hydrogen Figure 5

lines as a function of temperature for an
18-5 mm long plasma column.
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Figures 5, 6 and 7. The variation of computed M with temperature for C1, Cl1
and Cl 11 lines respectively, where

JIG)dv 1 gm —FEm)\, _
M = AP =~ Z exp T hevl

1P = nnC, nnC! or mi€l). These and similar curves together with a knowledge
of the absolute intensities and gas temperature (hence the particle densities nP from
figure 3) made the transition probability determinations possible. Conversely,
such (M, T) curves should become useful tools for chemical analysis of any uniform
optically thin plasma column by absolute intensity measurements when the transi-
tion probabilities and the temperature are known. Transition probabilities are
thought to be well measured for the selected lines. These figures refer to an
! = 185 mm long plasma column (not necessarily from chloroform).
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Figure 8. The chloroform continuum. Plasma column / = 18-5 mm.
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5.2. Cl 1 Transition Probabilities

Hey’s (1959) Cl 1 measurements are compared below with the new data which
average systematically 239, greater.

A 10-6 4,™m An™ (Foster)

(3) Heyt Foster: An™ (Hey)
4601 3:33+59% 4-21+£3% 1-26
4326 3:234+59% 407 £2% 1-26
4390 1-1s+5% 1-29 Bl 1-14

T Tolerances are ‘average errors’.
i Tolerances are probable errors from scatter.

Excluding the vacuum region the strongest Cl1 multiplets lie in the infra-red as
yet unmeasured.

5.3. Cl 11 Transition Probabilities

Observationally the CliI lines were weak and sometimes blended with stronger
Cl1 lines. Nevertheless these few Clir observations comprise the strongest CliI
multiplets, possibly excluding some in the vacuum region.

14795, blended in our case, was previously measured by Hey. It is satisfactory
that our value is again 239, above his.

Assuming Russell-Saunders coupling, absorption oscillator strengths of some
complete multiplets can be derived:

Absorption
T'ransition oscillator
(Kiess and de Bruin 1939) strength
3523p34s 350-3s23p34p 3P 0-70
3523p34s 35°-3s23p34p P 1-47
3523p33d 5D 0-3s23p34p P 0-66

The corresponding 5S0— 5P transition in O 1, namely 2s22p33s 550 — 2s22p33p 5P was
measured by Jurgens (1954) who also found a very large oscillator strength namely 1-7
against 0-919 calculated on the basis of LS coupling and the Bates and Damgaard
(1949) tables.

5.4. The Continuum

To find the origin of the continuum the following have been estimated provisionally:
(i) free-free continuum from all types of positive ion H*, C*+ and CI*; (ii) continua
from recombinations yielding high H, C1 and Cl1 states and contributing non-
specifically to the obvious hump; (iii) continua from recombinations yielding lower
C 1 and Cl 1 states and contributing specifically to the hump.

(i) the free—free absorption coefficient was computed from the Kramers-Gaunt-

Cillié formula
K5 = 137 x 10-28800 5)
T1/2;3
(Allen 1955, p. 98) assuming only singly ionized hydrogen-like ions. If the total number
of ions is #; per cm3
ny = niH—l-niC-l-ﬂiCl (6)

which is obtained from figure 3 for the two mean temperatures. The emission intensity
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was then assumed to be given by Kirchhoff’s Law
L = B(T)K:l (7)
where B;(T) is the Planck function and / is the length of plasma column.
(i) The bound—free absorption coeflicients for H were readily obtained from the
Kramers—-Gaunt formula (Allen 1955, p. 89) which can be put numerically
Su

ndy3

@, = 1045 %102

(8)

where a;,y is the photo-ionization cross section from the nth H level at wave number 5.
We put the Gaunt factor g, = 1. This gives the absorption coefficient

n —En

Kb,n = ganHaﬁ,n exp (_]—?T—) (9)
and again the intensity was obtained using Kirchhoff’s Law, the n = 3, 4 and 5 levels
contributing.

For the corresponding C 1 and Cl1 components a gross approximation was made:
the same formulae were used with Ey, n and g, reinterpreted as the weighted mean
energy E*, the corresponding Rydberg denominator »* and the statistical weight sums
g* = Xgp for certain groups of states. The whole of the C1 and Cl1 energy level
systems which could in any way contribute to 2 and 3 were divided up as follows (terms
in the second and fourth sections contributing non-specifically):

Table 4
Spectrum States  Statistical Energy Energy Term Rydberg Total
(Moore 1949) weight Ey D value denominator weight
&n (ecm™) (cm=1) (ecm™t) n*t g*
3p 1P 3 68858
3p3D 15 69722
3p3S 3 70744
3p 3P 9 71376 70234 20644 2-305 30
3p 1D 5 72611
Cr1 < 3p 1S 1 73976 72838 18040 2-466 6
2p3 3P 9 75256
3d D 5 77680 76122 14756 2-726 14
78105—
82252 79286 11592 3-076 103
83500—
88607 86297 4581 4-893 250
/ 4p 4po 12 83060
4p 4Do0 20 84159
4s’ 2D 10 84116
4p 2Do0 10 84780
4p 280 2 85240
clr < 4p 2P0 6 85596
4p 480 4 85731 84310 20685 2-306 64
4p’ 2PO— 94310-
4d ‘D 88 95991 95199 19796 2-354 88
S5p 2P0— 96309—
7 280 101855 99024 5971 4-286 280

T From Fowler’s (1922) table.
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The non-specific contributions computed as indicated above are shown with thin lines
on figure 8.

(iii) Specific contributions were sought as follows: with a knowledge of the electron
density at a given temperature from figure 3, Unsold’s formula (4) gave an advance to
the long wavelength of the series limit continua of 2698 cm=t at T' = 11 544 °k and
2542 cm-1at T = 11 165 °k. This shift was added to the wave numbers of the observed
humps at 18 200 and 18 250 cm™ (respectively for T = 11 544 and 11 165 °x) to give
a mean 7, for an absorption edge undisturbed by microfields, at 20 845 cm™. The
energy levels are thus obtained:

H Ci1 Cl1
Tonization potential (cm™) 109 679 90 878 104 995
v edge (cm™) 20 845 20 845 20 845
Energy level 1000 (cm™?) 88 834 70 033 84 150

For H, no levels contribute specifically but C 1 and Cl1 levels tabulated in the first
and third sections of table 4 will do so. This contribution was estimated roughly, as
described under (ii).

The components and resultant emission are shown in figure 8. Under the action of
the existing microfields, the hump will translate to the position indicated by the arrow.
Owing to the allowed dispersion (+ 108 cm~1) of the levels contributing to the hump this
will be broadened, but it is not profitable to investigate the shape in more detail in this
crude approximation. Some of the difference between the observed and estimated
continuum may be due to negative ions. The Cl- spectrum, for example, should be
very strong but it probably lies mainly to the short wavelength side of our region
according to the electron affinity recommended by Massey (1950, pp. 19 and 21).

It thus appears that most of the continuum observed is the Cl1 recombination
spectrum with an appreciable contribution also from C1 recombination. Some even
more striking examples of similar application of Unsdld’s formula have been demon-

strated by Boldt (1961).

5.5. Sources of Error

The most unsatisfactory feature of this work is thought to be the absence of a
direct measurement of axis wobble, which was impracticable at the time. Itis reasonably
certain from the type of noise observed in the time-resolved spectra and from the
comparative sharpness of the plasma column, that the wobble was small. We have
assumed that it was the same as that measured by Foster (1962) for arcs in steam.
Whatever error this assumption causes (it could be 109,) it is unlikely that these Cl
measurements suffer from systematic error more than the C 1 recommended means.
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