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ABSTRACT

Superhump amplitudes observed in dwarf novae during their superoutbursts depend on orbital
inclination: the maximum amplitudes in systems with low inclinations areA◦ ≈ 0.25 mag., while at
higher inclinations they increase fromA◦ ∼ 0.3 to A◦ ∼ 0.6 mag.

The mean maximum superhump amplitudes normalized to the average luminosity of the disk
are: < An >= 0.34±0.02 in low inclination systems and only< An >= 0.17±0.01 in high incli-
nation systems. This shows that at high inclinations the superhump lIght source ispartly obscured
by the disk edge and implies that it is located close to the disk surface but extends sufficiently high
above that surface to avoid full obscuration. Superhump amplitudes in high inclination systems show
modulation with beat phase (φb ), interpreted as being due to azimuth-dependent obscuration effects
in a non-axisymmetric disk. In addition they show modulation with 2φb which implies that the
orientation of the superhump light source is correlated with the direction of the stream.

The dependence of superhump amplitudes on orbital inclination and their modulation with beat
phase eliminate the tidal-resonance model for superhumps.Instead they support an alternative inter-
pretation of superhumps as being due to periodically modulated dissipation of the kinetic energy of
the stream.

Superhump amplitudes in permanent superhumpers are< A >= 0.12, i.e. much smaller than
the maximum amplitudes observed during superoutbursts.
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1. Introduction

Superhumps were discovered by Vogt (1974) and Warner (1975)during the
December 1972 superoutburst of VW Hyi. It is now well established that they are
present in all dwarf novae of the SU UMa type during their superoutbursts (see
Warner 1995, Hellier 2001). Their periods are slightly longer than the orbital peri-
ods and usually show complex variations (cf. Kato et al. 2009). Superhumps are
also present in the so-called permanent superhumpers – the nova-like cataclysmic
binaries with stationary accretion (cf. Patterson 1999) aswell as in some dwarf
novae at quiescence (Still et al. 2010 and references therein).

http://arxiv.org/abs/1011.1090v1
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Any periodic phenomenon is characterized by two paremeters: the period and
the amplitude. In the case of superhumps, however, most authors concentrate pri-
marily or even exclusively on the superhump periods, treating their amplitudes as
less important. Of course, there are papers (e.g. Warner andO’Donoghue 1988,
Olech et al. 2003) which present full description of superhumps, including their
individual light curves, but – regretfully – they belong to minority. A typical paper
in this field (see, for example, Kato et al. 2009) contains "journals of observations"
(which are meaningless), tables containing moments of superhump maxima (but
not their amplitudes!), figures showing the (O-C) diagrams and – not always – only
themeansuperhump light curves without any information on their variations.

As a result of this attitude our knowledge about superhump amplitudes has
been, until now, limited to the few following conclusions:

(1) Superhumps first appear around superoutburst maximum (or shortly earlier;
see Semeniuk 1980) and reach their highest amplitude eitherat maximum or 1-2
days later.

(2) Superhump amplitudes decrease during superoutburst; this effect, how-
ever, has been well documented only for relatively few cases(e.g. Warner and
O’Donoghue 1988, Fig.5; Patterson et al. 2000b, Fig.10; Rutkowski et al. 2007,
Fig.4).

(3) According to Warner (1995, p.194): "At their full development the super-
humps have a range of 0.3-0.4 mag. and are equally prominent in all SU UMa stars
independent of inclination".

(4) According to Warner (1985, p.372): "There is no strong modulation of the
superhump profile at the beat period."

As it will turn out (see Section 3) the last two statements arenot true.

The aim of the present paper is to improve the situation by presenting new
results concerning superhump amplitudes based on representative samples of dwarf
novae at their superoutbursts and of permanent superhumpers.

2. Definitions and Formulae

2.1. The Amplitudes of Superhumps

In what follows we will discuss thefull amplitudes of superhumps. With this
definition the superhump amplitude – in intensity units – is given by

a =
ℓmax − ℓmin

ℓmin
=

ℓsh

ℓd
, (1)
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where ℓd = ℓmin is the luminosity of the disk, andℓsh is the luminosity of the
superhump at its maximum. It is more common, however, to express superhump
amplitudes in magnitudes:

A(mag) = 2.5 log (1 + a) . (2)

Note that in both cases the superhump amplitude is defined with respect to the
luminosity of the disk.

2.2. The Normalized Superhump Amplitudes

The observed luminosity of the disk depends on inclination.At low inclinations
this dependence can be described with a simple formula applicable to a flat disk
with limb darkeningu= 0.6:

ℓd(i) = < ℓd > (1 +1.5 cosi) cosi . (3)

At inclinations higher thani ∼ 70◦ , however, it is necessary to include contributions
from the disk edge and – ati > 80◦ – effects of self-obscuration. For the purpose of
the present discussion a sequence of steady-state disk models was calculated, using
model parameters of Z Cha anḋM = 3×1017 g/s. Results can be be represented
by an approximate formula replacing Eq.(3) fori > 60◦ :

ℓd(i) = < ℓd > ( 3.414 − 0.05374i + 0.00020i 2 ) . (4)

The superhump amplitude normalized to< ℓd > can then be computed from

An(mag) = 2.5 log

[

1 +
(

10 0.4A
− 1

) ℓd(i)
< ℓd >

]

. (5)

2.3. The Beat Phases

The beat phase is related to the orbital and superhump phasesby

φb = φorb − φsh , (6)
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and at the superhump maximum whenφsh= 0 we simply have:φb = φorb .

3. Superhump Amplitudes in Dwarf Novae at their Superoubtursts

3.1. Data and their Analysis

A search through the literature resulted in a sample of 26 dwarf novae (Table 1)
with data on their superhump amplitudes suitable for our discussion. It includes 11
eclipsing systems with well determined orbital inclinations (i ≥ 79◦ ) taken from the
Catalogue by Ritter and Kolb (2003) and 15 non-eclipsing systems with unknown,
much lower inclinations.

Using earlier evidence (see Introduction) we assume that variations of the su-
perhump amplitude with time during superoutburst can be represented by

A = A◦ +
dA
dt

∆t , (7)

wheredA/dt < 0 and∆t = 0 corresponds to the maximum amplitudeA◦ .

The data on superhump amplitudes for objects listed in Table1 were analysed
using Eq.(7) and the resulting values ofA◦ anddA/dt are listed in columns 3 and
4 of this table. As could be expected they are tightly correlated

dA
dt

= C A◦ . (8)

whereC= 0.063±0.005.

At this point we can comment on the uncertainty of the values of A◦ resulting
from the fact that the moments∆t = 0 are not always precisely known. An uncer-
tainty of ±1 day in the zero point of∆t translates into an additional uncertainty of
A◦ as±dA/dt =±0.063A◦ which is comparable or larger than formal errors listed
in Table 1. Fortunately this additional uncertainty does not affect our main results.

The procedure described above could not be applied to four high inclination
systems (V2051 Ori, OU Vir, J1524+2209, and J1702+3229) forwhich only the
meanlight curves were available. Their maximum superhump amplitudesA◦ were
estimated from the mean amplitudes< A> corresponding to the mean< ∆t >
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Table 1
Amplitudes of Superhumps

Dwarf Novae at Superoutbursts

Star i A◦ (mag) dA/dt (mag/d) Data

V1141 Aql 0.33±0.02 −0.034±0.006 1
V877 Ara 0.26±0.01 −0.019±0.002 2

TT Boo 0.24±0.02 −0.008±0.002 3
OY Car 83.3 0.51±0.03 −0.041±0.004 4,5

V485 Cen 0.22±0.01 −0.021±0.002 6
Z Cha 80.2 0.49±0.03 −0.046±0.006 7

EG Cnc 0.22±0.02 −0.012±0.002 8
V503 Cyg 0.17±0.01 −0.005±0.003 9

IX Dra 0.16±0.03 −0.014±0.007 10
XZ Eri 80.2 0.29±0.05 −0.008±0.008 11,12

V660 Her 0.32±0.02 −0.020±0.003 13
VW Hyi 0.30±0.01 −0.019±0.002 14

V419 Lyr 0.30±0.01 −0.015±0.002 15
V1159 Ori 0.20±0.03 −0.030±0.008 16
V2051 Ori 83.0 0.50±0.10 17
SW UMa 0.25±0.01 −0.023±0.002 18
CY UMa 0.28±0.02 −0.021±0.005 19
DI UMa 0.21±0.02 −0.019±0.003 20

DV UMa 84.0 0.61±0.04 −0.032±0.004 21
IY UMa 86.8 0.69±0.08 −0.036±0.008 22
KS UMa 0.21±0.03 −0.009±0.005 23

OU Vir 79.2 0.34±0.10 24
J1227+5139 83.9 0.51±0.04 −0.028±0.006 25
J1502+3334 88.9 0.53±0.04 −0.018±0.007 26
J1524+2209 82.8 0.30±0.10 27
J1702+3229 82.4 0.60±0.10 28,29

Data sources: (1) Olech (2003) Fig.3. (2) Kato et al. (2003) Fig.3. (3) Olech et
al. (2004b) Fig.5. (4) Krzemiński and Vogt (1985) Fig.2b. (5) Schoembs(1986)
Fig.2a. (6) Olech (1997) Figs 2 and 4. (7) Warner and O’Donoghue (1988) Table 3
and Fig.5. (8) Patterson et al. (1998) Table 1. (9) Harvey et al. (1995) Fig.7. (10)
Olech et al. (2004a) Fig.10. (11) Uemura et al. (2004) Fig.4.(12) Patterson et al.
(2005) Fig.2. (13) Olech et al. (2005) Fig.3. – continued on next page –
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Table 1. Data sources – continued: (14) Haefner et al. (1979)Fig.7. (15) Rutkowski
et al. (2007) Fig.4. (16) Patterson et al. (1995) Figs 4 and 5.(17) Kiyota and Kato
(1998) Fig.2. (18) Soejima et al. (2009) Figs 2,9,14. (19) Harvey and Patterson
(1995) Fig.2. (20) Rutkowski et al. (2009) Figs 4 and 7. (21) Patterson et al.
(2000b) Fig.10. (22) Patterson et al. (2000a) Fig.2. (23) Olech et al. (2003) Fig.8.
(24) Patterson et al. (2005) Fig.1. (25) Shears et al. (2008)Fig.3. (26) Shears et al.
(2010) Fig.3. (27) Kato et al. (2009) Fig.191. (28) Boyd et al. (2006) Fig.8. (29)
Kato et al. (2009) Fig.193.

using the following formula obtained by combining Eqs.(7) and (8)

A◦ =
< A>

1 −C< ∆t >
. (9)

Fig. 1. Maximum superhump amplitudes a a function of the orbital inclination. Non-eclipsing
systems with unknown inclinations are plotted betweeni = 40◦ and 50◦ .

3.2. Maximum Superhump Amplitudes versus Orbital Inclination

Fig.1 shows the maximum superhump amplitudesA◦ plotted against the orbital
inclination. As we can see the values ofA◦ for low inclination system cluster
aroundA◦ ≈ 0.25. Those for high inclination, eclipsing systems are – roughly – 2
times larger, show more scatter and appear to increase fromA◦ ≈ 0.3 at i ≈ 80◦ to
aboutA◦ ∼ 0.6 at the highest inclinations.
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This imposes important constraints on superhumps models and, in particular,
eliminates all models which locate the superhump light source within the disk. As
discussed above (Section 2) the superhump amplitude is defined with respect to the
luminosity of the disk which depends strongly on inclination. Should the super-
hump source be located within the disk its luminosity would depend on inclination
in the same way as the luminosity of the disk and the observed superhump ampli-
tude would be independent of inclination.

Using Eq.(5) we now normalize the maximum superhump amplitudesA◦ to the
mean luminosity of the disk. For non-eclipsing systems, with inclinations which
are generally lower than about 70◦ , assuming their random distribution we adopt:
< i >=< i sini > / < sini >≈ 45◦ .

The resulting normalized amplitudesAn are plotted against orbital inclination
in Fig.2. Compared to Fig.1 the situation is now different. The superhump ampli-
tudes of low inclination systems cluster around< An >= 0.34± 0.02 with r.m.s.
dispersion of individual valuesσ = ±0.07. This value ofAn can then be consid-
ered as representative for superhumps observed during superoutbursts. The am-
plitudes of high inclination systems cluster around< An >= 0.17± 0.01, show
scatterσ = ±0.04 which is much smaller than that in Fig.1, and do not show any
dependence on inclination. The obvious interpretation is that the superhump source
is located close to the disk surface but extends sufficientlyhigh above that surface
so that in systems with high inclinations it ispartly obscured by the disk edge.

Fig. 2. Maximum superhump amplitudes normalized to the average disk luminosity as a function of
the orbital inclination.

Not included in our discussion, so far, was U Gem. During its 1985 super-
outburst it showed superhumps with amplitudeA≈ 0.3 mag. (Smak and Waagen
2004). With i = 69◦ this places it in Fig.1 just between the low and high inclina-
tions systems. Unlike in all other dwarf novae, however, thesuperhump amplitude
of U Gem stayed constant throughout the entire superoutburst. There is no obvious
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explanation of this peculiar behavior.

3.3. Dependence of Superhump Amplitudes on Beat Phase

The superhump amplitude can be modulated with beat phase dueto various
effects. Two such effects, suggested by earlier evidence, are considered here.

It was shown earlier (Smak 2009b) that in systems with the highest orbital
inclinations (i > 82◦ ) their disk luminosity during superoutbursts is modulatedwith
the beat period. This was intepreted as being due to a non-axisymmetric structure
of the disk, involving the azimuthal dependence of the vertical thickness of its
outer edge. At that time there were only three systems (OY Car, DV UMa and IY
UMa) showing such modulation. Now we can strengthen our earlier conclusion
by adding another deeply eclipsing system: J1227+5139. Using data from Shears
et al. (2008) and reducing them in the same way as before (Smak2009b, Section
2) we obtain the residual magnitudes which show clear dependence on the beat
phase (Fig.3). The two parameters describing this dependence: the half-amplitude
A(mag) = 0.18±0.03 andφmax

b = 0.68±0.03 are – within errors – identical with
those obtained earlier for three other systems. Using now all four systems we get:
< A(mag) >= 0.18±0.01 and< φmax

b >= 0.65±0.02. An obvious question is:
do the amplitudes of superhumps show similar effect?

Fig. 3. Residual disk magnitudes for J1227+5139 are plottedagainst the beat phase. Solid line is the
cosine curve with parameters given in the text.

Another effect, to be considered here, is suggested by earlier results concerning
superhumps observed in U Gem during its December 1985 superoutburst. It was
found (Smak 2006) that their amplitude was modulated with beat phase in the form
of a doublecosine wave. An obvious question is: do other dwarf novae show
similar modulation?

To answer those questions we analyze data on superhumps for six high in-
clination and – for comparison – for four low inclination systems with sufficient
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coverage in beat phases. The superhump amplitudes observedat ∆t and at beat
phaseφb are represented with

A = A◦ +
dA
dt

∆t + A1 cos
(

φb − φmax
b,1

)

+ A2 cos
[

2
(

φb − φmax
b,2

)

]

. (10)

The last term in this equation describes the "double-φb " modulation with two max-
ima atφmax

b,2 andφmax
b,2 +0.5 and two minima atφmax

b,2 ±0.25.

The residuals∆A, representing the "single-φb " and "double-φb " modulations,
are calculated as

∆A = A −

(

A◦ +
dA
dt

∆t

)

. (11)

Table 2
Amplitudes of Superhumps
Modulation with Beat Phase

Star A1 φmax
b,1 A2 φmax

b,2

OY Car 0.02±0.01 0.63±0.13 0.04±0.01 0.36±0.12
Z Cha 0.04±0.01 0.50±0.05 0.07±0.03 0.28±0.03

DV UMa 0.08±0.02 0.55±0.03 0.07±0.01 0.26±0.02
IY UMa 0.11±0.03 0.58±0.05 0.01±0.03 0.20±0.11

J1227+5139 0.05±0.02 0.99±0.06 0.08±0.03 0.25±0.03
J1502+3334 0.06±0.03 0.82±0.16 0.09±0.03 0.50±0.02

TT Boo 0.02±0.03 0.04±0.03
VW Hyi 0.01±0.01 0.03±0.01

V419 Lyr 0.01±0.01 0.02±0.03
KS UMa 0.05±0.05 0.03±0.08

Results are listed in Table 2 and shown in Fig.4. Before discussing them we
must make few comments. In the case of low inclination systems with no orbital
elements the zero point ofφorb and, consequently, ofφb are arbitrary. The orbital
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Fig. 4. Residual superhump amplitudes vs. beat phase for 6 high inclination and 4 low inclination
systems. Zero points ofφb for TT Boo, VW Hyi, V419 Lyr and KS UMa are arbitrary. Solid lines
are cosine and double cosine curves with parameters obtained from solutions using Eq.(10) and listed
in Table 2. See text for details.

period of VW Hyi was taken from Vogt (1974), while for three other systems it was
calculated fromPsh using formula given by Menninckent et al. (1999).

The expected "single-φb " modulation is present in all high inclination systems
(although in the case of OY Car it is barely significant). The mean value ofA1 for
those six systems is:< A1 >= 0.06 (with r.m.s. dispersion of individual values
being σ = 0.03), while in the case of the four low inclination systems it is only
< A1 >= 0.02 (with σ = 0.02). The mean value ofφmax

b,1 for 5 high inclination
systems – excluding the deviating value for J1227+5139 – is< φmax

b,1 >= 0.62 (with
σ = 0.06) or – including J1227+5139 –< φmax

b,1 >= 0.68 (with σ = 0.08). In either
case this is consistent with< φmax

b >= 0.65±0.02 obtained from disk luminosity
modulation (see above).
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Turning to the "double-φb " modulation we find that it is present in five high
inclination systems, the only exception being IY UMa. The mean value ofA2

– including IY UMa – is< A2 >= 0.06 (σ = 0.03) to be compared with only
< A2 >= 0.03 (σ = 0.02) for low inclinations systems. The mean value ofφmax

b,2 –
excluding IY UMa – is< φmax

b,2 >= 0.33 (with σ = 0.09) or – excluding also the
deviating value for J1502+3334 –< φmax

b,2 >= 0.29 (with σ = 0.04). We adopt:
< φmax

b,2 >= 0.30. It may be added that the value obtained earlier for U Gem (Smak
2006), namelyφmax

b,2 ≈ 0.15±0.13 is – within errors – practically the same.

Fig. 5. Schematic model of a cataclysmic binary withq= 0.15 showing the secondary, the disk (for
simplicity shown circular), and the stream trajectory. Theposition of the center of mass is marked
with a cross. Phases of highest and lowest superhump amplitudes are marked with "MAX" and "min".

The presence of the "double-φb " modulation and, in particular, the value of
< φmax

b,2 > provide an important clue concerning the location of the superhump light
source. Fig.5 presents schematic view of a system withq= 0.15 (typical for sys-
tems considered here). Shown there are the two phases of the highest superhump
amplitudes:φmax

b = φmax
orb = 0.30 and 0.80 and two other phases corresponding to

the lowest amplitudes:φmin
b = φmin

orb = 0.05 and 0.55. The conclusion is obvious:
the orientation of the superhump light source is correlatedwith the direction of the
stream. More specifically: the maximum superhump amplitudeoccurs when the
line of sight is perpendicular to the stream (including its part overflowing the disk),
while the minimum amplitude – when the line of sight is parallel to the stream.

4. Superhump Amplitudes in Permanent Superhumpers

Table 3 contains representative sample of ten permanent superhumpers includ-
ing data on their superhump amplitudes. Regretfully, thereare only two eclipsing
systems with moderately high inclination. Therefore not much weight can be given
to the fact that their amplitudes are practically the same asat lower inclinations.
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Table 3
Amplitudes of Superhumps

Nova-Like Permanent Superhumpers

Star i A(mag) Data source

V603 Aql 13 0.12 Patterson et al. (1993) Table 1
TT Ari 0.15 Skillman et al. (1998) Fig.2

V592 Cas 0.15 Taylor et al. (1998) Fig.1
TV Col 0.08 Retter et al. (2003) Fig. 4

Hellier (1993)
BB Dor 0.08 Patterson et al. (2005) Fig.7

V795 Her 0.22 Patterson and Skillman (1994)
BK Lyn 0.06 Skillman and Patterson (1993) Fig.6
MV Lyr 12 0.11 Borisov (1992) Fig.4

V348 Pup 81.1 0.11 Rolfe et al.(2000) Fig.6
DW UMa 82.0 0.13 Stanishev et al. (2004) Fig.4

Patterson et al. (2002) Fig.15

The mean superhump amplitude for objects listed in Table 3 is< A >= 0.12
mag. This is much lower than the maximum amplitudes observedduring superout-
bursts, comparable to the amplitudes observed near the end of a superoutburst. Two
possible explanations of this difference could be proposed. The lower superhump
amplitudes in permanent superhumpers could be due to a higher mass transfer rate
and higher luminosity of the disk. On the other hand, it couldbe speculated that
the higher maximum superhump amplitudes in dwarf novae are due to a sudden
enhancement of the mass transfer rate at the begining of a superoutburst.

5. The Nature of Superhumps

5.1. The Tidal-Resonance Model

The commonly accepted tidal-resonance model, first proposed by Whitehurst
(1988) and Hirose and Osaki (1990), explains superhumps as being due to tidal
effects in the outer parts of accretion disks leading – via the 3:1 resonance – to the
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formation of an eccentric outer ring undergoing apsidal motion. This model and,
in particular, the results of numerous 2D and 3D SPH simulations (cf. Smith et
al. 2007 and references therein) reproduce the observed superhump periods and
correlations of the superhump period excess with the orbital period and the mass-
ratio. This suggests that the basic "clock" which defines thesuperhump periods is
probably provided by the apsidal motion (but see point (1) below).

On the other hand, however, the tidal-resonance model failsto explain all other
important facts:

(1) The 3:1 resonance, which is the crucial ingredient of thetidal-resonance
model, can occur only in systems with mass ratiosq= M2/M1 smaller thanqcrit =
0.25 (cf. Whitehurst 1988, Osaki 2005 and references therein;see also Smak 2006
for a critical review of attempts to increaseqcrit up to 0.33). The conditionq< qcrit

is fulfilled by the short period dwarf novae of the SU UMa type.There are, how-
ever, other systems with mass ratios higher thanqcrit which also show superhumps.
Examples: dwarf novae U Gem withq= 0.36±0.02 (Smak 2001), and TU Men
with q≈ 0.5± 0.2 or q > 0.41± 0.08 (Smak 2006), and the growing number of
permanent superhumpers with longer orbital periods indicating much higher mass
ratios; among them: MV Lyr withq= 0.43+0.19

−0.13 (Skillman et al. 1995), DW UMa
with q= 0.39± 0.12 (Araujo-Betancor et al. 2003), BH Lyn withq= 0.45+0.15

−0.10
(Hoard and Szkody 1997), and TV Col withq = 0.62− 0.93 (Hellier 1993) or
q= 0.92±0.12 (Retter et al. 2003).

(2) Numerical 2D and 3D SPH simulations produce "superhumps" with visual
amplitudes which are smaller thanA = 0.10 (from 2D models), or as small as
A= 0.03−0.04 (from 3D models) (see Smak 2009a and references therein).They
are by factor 4−10 smaller than<An >= 0.34±0.02 obtained from observations
in Section 3.2.

(3) The dependence of superhump amplitudes on the orbital inclination (Sec-
tion 3.2) eliminates all models which locate the source of superhumps within the
disk.

(4) The presence and characteristics of obscuration effects which affect super-
hump amplitudes in systems with high orbital inclinations (Sections 3.2 and 3.3)
imply also that the superhump source is not located within the disk but extends
sufficiently high above its surface to avoid full obscuration.

(5) The presence of the "double-φb " modulation of superhump amplitudes re-
lated to the orientation of the stream (Section 3.3) finds no explanation within the
tidal-resonance model.

5.2. An Alternative Interpretation of Superhumps

Using evidence available earlier it was proposed (Smak 2009b) that super-
humps are due to periodically modulated dissipation of the kinetic energy of the
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stream, the essential ingredients of this interpretation being as follows:
(1) The outer parts of the disk have a non-axisymmetric structure, involving the

azimuthal dependence of their vertical thickness, rotating – in the inertial frame –
with Pb .

(2) This causes the irradiation of the secondary component to be modulated
with Pirr (related toPb andPorb), resulting in periodic variations of the mass trans-
fer rate withPsh≈ Pirr .

(3) Around superhump maximum the stream overflows the surface of the disk
and – unlike in the case of the "standard" hot spot – its energyis dissipated along
its trajectory above (and below) the disk.

(4) The periodically variable dissipation of the kinetic energy of the stream is
observed in the form of superhumps.

Results presented in this paper provide further arguments in favor of this inter-
pretation. In particular:

(1) The presence and characteristics of obscuration effects which affect super-
hump amplitudes in systems with high orbital inclinations (Sections 3.2 and 3.3)
imply that the superhump light source is indeed located above the surface of the
disk.

(2) The "double-φb " modulation of the superhump amplitudes (Section 3.3)
implies that the orientation of the superhump light source is – as could be expected
– correlated with the direction of the stream. In particular, when the line of sight is
perpendicular to the stream trajectory, the superhump mustbe brighter due to larger
projected surface area of the overflowing parts of the stream.

6. Conclusions

The new results concerning superhump amplitudes, their dependence on orbital
inclination, and their modulation with the beat phase, presented in this paper, pro-
vide further arguments against the commonly accepted tidal-resonance model for
superhumps. At the same time they support the alternative interpretation of super-
humps involving the periodically modulated dissipation ofthe kinetic energy of the
stream.
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