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Magnetic fields and spiral arms in M51 3

Figure 1. (a) �3 cm and (b) �6 cm radio emission at 1500 resolution from VLA and Effelsberg observations, overlaid on a Hubble Space Telescope optical
image (image credit: NASA, ESA, S. Beckwith (STScI), and The Hubble Heritage Team (STScI/AURA)). Total intensity contours in both maps are at
6, 12, 24, 36, 48, 96, 192 times the noise levels of 20µJy/beam at �3 cm and 30µJy/beam at �6 cm. (Note that the roughly horizontal contours at the left
edge of panel (a) are artefacts arising from mosaicing the two VLA pointings.) Also shown are the B-vectors of polarized emission: the plane of polarization
of the observed electric field rotated by 90�, not corrected for Faraday rotation, with a length proportional to the polarized intensity (PI) and only plotted
where PI > 3�PI .

larization with the 100-m Effelsberg telescope 2 in December 2001
and April 2002 using the sensitive �3.6 cm (1.1 GHz bandwidth)
receiver. We obtained 44 maps of a 120 by 120 field around M51,
scanned in orthogonal directions. Each map in I , Q and U was
edited and baseline corrected individually, then all maps in each
Stokes parameter were combined using a basket weaving method
(Emerson & Gräve 1988). The r.m.s. noise in the final maps, after
slight smoothing to 9000, is 200µJy/beam in total intensity and
20µJy/beam in polarized intensity.

At �6.2 cm, ten maps of a 410 by 340 field were observed in
November 2003 with the 4.85 GHz (500 MHz bandwidth) dual-
horn receiver. The combined data resulted in a new 18000 resolution
image with r.m.s. noise of 250µJy/beam in total intensity and
25µJy/beam in polarization.

Maps from the VLA and Effelsberg were combined using the
AIPS task IMERG. A useful description of the principles of merg-
ing single dish and interferometric data is given by Stanimirovic
(2002). The range of overlap in the uv plane between the two im-
ages (parameter uvrange in IMERG) was estimated as follows:
we assumed an effective Effelsberg diameter of about 60 m to esti-
mate the maximum extent of the single dish in the uv space (1.7 k�
at �3.6 cm and 1.0 k� at �6.2 cm) and used the minimum sep-
aration of the VLA antennas in the D-array configuration, 35 m,

2 The Effelsberg 100-m telescope is operated by the Max-Planck-Institut
für Radioastronomie on behalf of the Max-Planck-Gesellschaft.

to calculate the minimum coverage of the interferometer in the uv
space (1.0 k� at �3.6 cm and 0.6 k� at �6.2 cm). We then varied
these parameters in order to find the optimum overlap in the uv
space by comparing the integrated total flux in the merged maps
with that of the single dish maps; the optimal uv-ranges for merg-
ing were found to be 1.0 ! 1.6 k� at �3.6 cm and 0.5 ! 0.7 k�
at �6.2 cm. Merging of the Q and U maps was carried out using
the same optimum uv range as found for I .

The fraction of total emission (Stokes I) present in the VLA
maps – those produced using natural weighting, and hence with the
highest signal-to-noise ratio – is about 30% at �3 cm and close to
50% at �6 cm compared to the merged maps. Small-scale fluctu-
ations in Q and U due to variations in the magnetic field orien-
tation and Faraday rotation in M51 mean that the polarized emis-
sion is less severely affected by missing large-scales (alternatively,
the single dish detects the large-scale emission missed by an in-
terferometer but simultaneously suffers from stronger wavelength-
independent beam depolarization). At �3 cm the VLA map con-
tains about 75% of the polarized emission present in the merged
map, with about 85% present at �6 cm.

Following the merging, the maps in I , Q and U were con-
volved with a Gaussian beam to give a slightly coarser resolution
and higher signal-to-noise ratio. The maps that are discussed in this
paper are listed in Table 1 along with the r.m.s. noises in total and
polarized intensity.
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projection, where h75 is the Hubble constant H0 in units
of 75 km s!1 Mpc!1. They concluded that the bridge
was a feature of the magnetic field of the Coma-Abell
1367 supercluster with a strength, derived from
minimum-energy arguments, of 0.2–0.6 !G.

Indirect evidence of extracluster magnetic fields may
exist in radio observations by Ensslin et al. (2001) of the
giant radio galaxy NGC 315. New images reveal signifi-
cant asymmetries and peculiarities in this galaxy. These
features can be attributed to the motion of the galaxy
through a cosmological shock wave 10–100 times the
dimension of a typical cluster. Polarization of the radio
emission suggests the presence of a very-large-scale
magnetic field associated with the shock.

F. Galactic magnetic fields at intermediate redshifts

Evidence of magnetic fields in galaxies at even mod-
erate redshifts poses a serious challenge to the galactic
dynamo hypothesis, since it would imply that there is
limited time available for field amplification. At present,
the most convincing observations of galactic magnetic
fields at intermediate redshifts come from RM studies of
radio galaxies and quasars. Kronberg, Perry, and
Zukowski (1992) obtained an RM map of the radio jet
associated with the quasar PKS 1229-121. This quasar is
known to have a prominent absorption feature presum-
ably due to an intervening object at z!0.395. (The in-
tervener has not been imaged optically.) Observations
indicate that the RM changes sign along the ‘‘ridge line’’
of the jet in a quasioscillatory manner. One plausible
explanation is that the intervener is a spiral galaxy with

a bisymmetric magnetic field, as illustrated in Fig. 6. Al-
ternatively, the field in the intervening galaxy might be
axisymmetric with reversals along the radial direction. A
configuration of this type has been suggested for the
Milky Way (see, for example, Poezd, Shukurov, and
Sokoloff, 1993).

Athreya et al. (1998) studied 15 high-redshift (z"2)
radio galaxies at multiple frequencies in polarized radio

FIG. 5. Westerbork Synthesis Radio Tele-
scope map of the Coma cluster of galaxies at
326 MHz from six 12-h observing sessions.
The projected linear of the bridge is
"1.5h75

!1 Mpc. The # marks the location of
NGC 4839. The peak surface brightness is 9.1
mJy per beam and contours are shown at
1,1,2, . . . ,9,10,20, . . . ,100,200,400 times 4 mJy
per beam.

FIG. 6. Map of the M81 bisymmetric spiral magnetic field
(Krause, 1990) projected to have the same linear scale at red-
shift z$0.395 as that of the jet of PKS 1229-021 at the same z .
It is shown superposed on the rotation measure distribution of
the jet. The shaded area shows the region in which RM data
have been collected, and the dashed outline shows the approxi-
mate region of the total radiation zone. The ridge line of the
jet is shown, and the positions of the maxima and minima in
RM are shown by circled plus and minus signs, indicating
magnetic-field directions toward and away from the observer.
From Kronberg, Perry, and Zukowski, 1992.

787Lawrence M. Widrow: Origin of galactic and extragalactic magnetic fields

Rev. Mod. Phys., Vol. 74, No. 3, July 2002

Kim et al 1989

~30kpc

Abell 1367
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Figure 1. (a) �3 cm and (b) �6 cm radio emission at 1500 resolution from VLA and Effelsberg observations, overlaid on a Hubble Space Telescope optical
image (image credit: NASA, ESA, S. Beckwith (STScI), and The Hubble Heritage Team (STScI/AURA)). Total intensity contours in both maps are at
6, 12, 24, 36, 48, 96, 192 times the noise levels of 20µJy/beam at �3 cm and 30µJy/beam at �6 cm. (Note that the roughly horizontal contours at the left
edge of panel (a) are artefacts arising from mosaicing the two VLA pointings.) Also shown are the B-vectors of polarized emission: the plane of polarization
of the observed electric field rotated by 90�, not corrected for Faraday rotation, with a length proportional to the polarized intensity (PI) and only plotted
where PI > 3�PI .
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ing single dish and interferometric data is given by Stanimirovic
(2002). The range of overlap in the uv plane between the two im-
ages (parameter uvrange in IMERG) was estimated as follows:
we assumed an effective Effelsberg diameter of about 60 m to esti-
mate the maximum extent of the single dish in the uv space (1.7 k�
at �3.6 cm and 1.0 k� at �6.2 cm) and used the minimum sep-
aration of the VLA antennas in the D-array configuration, 35 m,

2 The Effelsberg 100-m telescope is operated by the Max-Planck-Institut
für Radioastronomie on behalf of the Max-Planck-Gesellschaft.

to calculate the minimum coverage of the interferometer in the uv
space (1.0 k� at �3.6 cm and 0.6 k� at �6.2 cm). We then varied
these parameters in order to find the optimum overlap in the uv
space by comparing the integrated total flux in the merged maps
with that of the single dish maps; the optimal uv-ranges for merg-
ing were found to be 1.0 ! 1.6 k� at �3.6 cm and 0.5 ! 0.7 k�
at �6.2 cm. Merging of the Q and U maps was carried out using
the same optimum uv range as found for I .

The fraction of total emission (Stokes I) present in the VLA
maps – those produced using natural weighting, and hence with the
highest signal-to-noise ratio – is about 30% at �3 cm and close to
50% at �6 cm compared to the merged maps. Small-scale fluctu-
ations in Q and U due to variations in the magnetic field orien-
tation and Faraday rotation in M51 mean that the polarized emis-
sion is less severely affected by missing large-scales (alternatively,
the single dish detects the large-scale emission missed by an in-
terferometer but simultaneously suffers from stronger wavelength-
independent beam depolarization). At �3 cm the VLA map con-
tains about 75% of the polarized emission present in the merged
map, with about 85% present at �6 cm.

Following the merging, the maps in I , Q and U were con-
volved with a Gaussian beam to give a slightly coarser resolution
and higher signal-to-noise ratio. The maps that are discussed in this
paper are listed in Table 1 along with the r.m.s. noises in total and
polarized intensity.
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Figure 1. (a) �3 cm and (b) �6 cm radio emission at 1500 resolution from VLA and Effelsberg observations, overlaid on a Hubble Space Telescope optical
image (image credit: NASA, ESA, S. Beckwith (STScI), and The Hubble Heritage Team (STScI/AURA)). Total intensity contours in both maps are at
6, 12, 24, 36, 48, 96, 192 times the noise levels of 20µJy/beam at �3 cm and 30µJy/beam at �6 cm. (Note that the roughly horizontal contours at the left
edge of panel (a) are artefacts arising from mosaicing the two VLA pointings.) Also shown are the B-vectors of polarized emission: the plane of polarization
of the observed electric field rotated by 90�, not corrected for Faraday rotation, with a length proportional to the polarized intensity (PI) and only plotted
where PI > 3�PI .

larization with the 100-m Effelsberg telescope 2 in December 2001
and April 2002 using the sensitive �3.6 cm (1.1 GHz bandwidth)
receiver. We obtained 44 maps of a 120 by 120 field around M51,
scanned in orthogonal directions. Each map in I , Q and U was
edited and baseline corrected individually, then all maps in each
Stokes parameter were combined using a basket weaving method
(Emerson & Gräve 1988). The r.m.s. noise in the final maps, after
slight smoothing to 9000, is 200µJy/beam in total intensity and
20µJy/beam in polarized intensity.

At �6.2 cm, ten maps of a 410 by 340 field were observed in
November 2003 with the 4.85 GHz (500 MHz bandwidth) dual-
horn receiver. The combined data resulted in a new 18000 resolution
image with r.m.s. noise of 250µJy/beam in total intensity and
25µJy/beam in polarization.

Maps from the VLA and Effelsberg were combined using the
AIPS task IMERG. A useful description of the principles of merg-
ing single dish and interferometric data is given by Stanimirovic
(2002). The range of overlap in the uv plane between the two im-
ages (parameter uvrange in IMERG) was estimated as follows:
we assumed an effective Effelsberg diameter of about 60 m to esti-
mate the maximum extent of the single dish in the uv space (1.7 k�
at �3.6 cm and 1.0 k� at �6.2 cm) and used the minimum sep-
aration of the VLA antennas in the D-array configuration, 35 m,

2 The Effelsberg 100-m telescope is operated by the Max-Planck-Institut
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to calculate the minimum coverage of the interferometer in the uv
space (1.0 k� at �3.6 cm and 0.6 k� at �6.2 cm). We then varied
these parameters in order to find the optimum overlap in the uv
space by comparing the integrated total flux in the merged maps
with that of the single dish maps; the optimal uv-ranges for merg-
ing were found to be 1.0 ! 1.6 k� at �3.6 cm and 0.5 ! 0.7 k�
at �6.2 cm. Merging of the Q and U maps was carried out using
the same optimum uv range as found for I .

The fraction of total emission (Stokes I) present in the VLA
maps – those produced using natural weighting, and hence with the
highest signal-to-noise ratio – is about 30% at �3 cm and close to
50% at �6 cm compared to the merged maps. Small-scale fluctu-
ations in Q and U due to variations in the magnetic field orien-
tation and Faraday rotation in M51 mean that the polarized emis-
sion is less severely affected by missing large-scales (alternatively,
the single dish detects the large-scale emission missed by an in-
terferometer but simultaneously suffers from stronger wavelength-
independent beam depolarization). At �3 cm the VLA map con-
tains about 75% of the polarized emission present in the merged
map, with about 85% present at �6 cm.

Following the merging, the maps in I , Q and U were con-
volved with a Gaussian beam to give a slightly coarser resolution
and higher signal-to-noise ratio. The maps that are discussed in this
paper are listed in Table 1 along with the r.m.s. noises in total and
polarized intensity.
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6, 12, 24, 36, 48, 96, 192 times the noise levels of 20µJy/beam at �3 cm and 30µJy/beam at �6 cm. (Note that the roughly horizontal contours at the left
edge of panel (a) are artefacts arising from mosaicing the two VLA pointings.) Also shown are the B-vectors of polarized emission: the plane of polarization
of the observed electric field rotated by 90�, not corrected for Faraday rotation, with a length proportional to the polarized intensity (PI) and only plotted
where PI > 3�PI .
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and April 2002 using the sensitive �3.6 cm (1.1 GHz bandwidth)
receiver. We obtained 44 maps of a 120 by 120 field around M51,
scanned in orthogonal directions. Each map in I , Q and U was
edited and baseline corrected individually, then all maps in each
Stokes parameter were combined using a basket weaving method
(Emerson & Gräve 1988). The r.m.s. noise in the final maps, after
slight smoothing to 9000, is 200µJy/beam in total intensity and
20µJy/beam in polarized intensity.

At �6.2 cm, ten maps of a 410 by 340 field were observed in
November 2003 with the 4.85 GHz (500 MHz bandwidth) dual-
horn receiver. The combined data resulted in a new 18000 resolution
image with r.m.s. noise of 250µJy/beam in total intensity and
25µJy/beam in polarization.

Maps from the VLA and Effelsberg were combined using the
AIPS task IMERG. A useful description of the principles of merg-
ing single dish and interferometric data is given by Stanimirovic
(2002). The range of overlap in the uv plane between the two im-
ages (parameter uvrange in IMERG) was estimated as follows:
we assumed an effective Effelsberg diameter of about 60 m to esti-
mate the maximum extent of the single dish in the uv space (1.7 k�
at �3.6 cm and 1.0 k� at �6.2 cm) and used the minimum sep-
aration of the VLA antennas in the D-array configuration, 35 m,

2 The Effelsberg 100-m telescope is operated by the Max-Planck-Institut
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to calculate the minimum coverage of the interferometer in the uv
space (1.0 k� at �3.6 cm and 0.6 k� at �6.2 cm). We then varied
these parameters in order to find the optimum overlap in the uv
space by comparing the integrated total flux in the merged maps
with that of the single dish maps; the optimal uv-ranges for merg-
ing were found to be 1.0 ! 1.6 k� at �3.6 cm and 0.5 ! 0.7 k�
at �6.2 cm. Merging of the Q and U maps was carried out using
the same optimum uv range as found for I .

The fraction of total emission (Stokes I) present in the VLA
maps – those produced using natural weighting, and hence with the
highest signal-to-noise ratio – is about 30% at �3 cm and close to
50% at �6 cm compared to the merged maps. Small-scale fluctu-
ations in Q and U due to variations in the magnetic field orien-
tation and Faraday rotation in M51 mean that the polarized emis-
sion is less severely affected by missing large-scales (alternatively,
the single dish detects the large-scale emission missed by an in-
terferometer but simultaneously suffers from stronger wavelength-
independent beam depolarization). At �3 cm the VLA map con-
tains about 75% of the polarized emission present in the merged
map, with about 85% present at �6 cm.

Following the merging, the maps in I , Q and U were con-
volved with a Gaussian beam to give a slightly coarser resolution
and higher signal-to-noise ratio. The maps that are discussed in this
paper are listed in Table 1 along with the r.m.s. noises in total and
polarized intensity.
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Figure 1. (a) �3 cm and (b) �6 cm radio emission at 1500 resolution from VLA and Effelsberg observations, overlaid on a Hubble Space Telescope optical
image (image credit: NASA, ESA, S. Beckwith (STScI), and The Hubble Heritage Team (STScI/AURA)). Total intensity contours in both maps are at
6, 12, 24, 36, 48, 96, 192 times the noise levels of 20µJy/beam at �3 cm and 30µJy/beam at �6 cm. (Note that the roughly horizontal contours at the left
edge of panel (a) are artefacts arising from mosaicing the two VLA pointings.) Also shown are the B-vectors of polarized emission: the plane of polarization
of the observed electric field rotated by 90�, not corrected for Faraday rotation, with a length proportional to the polarized intensity (PI) and only plotted
where PI > 3�PI .

larization with the 100-m Effelsberg telescope 2 in December 2001
and April 2002 using the sensitive �3.6 cm (1.1 GHz bandwidth)
receiver. We obtained 44 maps of a 120 by 120 field around M51,
scanned in orthogonal directions. Each map in I , Q and U was
edited and baseline corrected individually, then all maps in each
Stokes parameter were combined using a basket weaving method
(Emerson & Gräve 1988). The r.m.s. noise in the final maps, after
slight smoothing to 9000, is 200µJy/beam in total intensity and
20µJy/beam in polarized intensity.

At �6.2 cm, ten maps of a 410 by 340 field were observed in
November 2003 with the 4.85 GHz (500 MHz bandwidth) dual-
horn receiver. The combined data resulted in a new 18000 resolution
image with r.m.s. noise of 250µJy/beam in total intensity and
25µJy/beam in polarization.

Maps from the VLA and Effelsberg were combined using the
AIPS task IMERG. A useful description of the principles of merg-
ing single dish and interferometric data is given by Stanimirovic
(2002). The range of overlap in the uv plane between the two im-
ages (parameter uvrange in IMERG) was estimated as follows:
we assumed an effective Effelsberg diameter of about 60 m to esti-
mate the maximum extent of the single dish in the uv space (1.7 k�
at �3.6 cm and 1.0 k� at �6.2 cm) and used the minimum sep-
aration of the VLA antennas in the D-array configuration, 35 m,

2 The Effelsberg 100-m telescope is operated by the Max-Planck-Institut
für Radioastronomie on behalf of the Max-Planck-Gesellschaft.

to calculate the minimum coverage of the interferometer in the uv
space (1.0 k� at �3.6 cm and 0.6 k� at �6.2 cm). We then varied
these parameters in order to find the optimum overlap in the uv
space by comparing the integrated total flux in the merged maps
with that of the single dish maps; the optimal uv-ranges for merg-
ing were found to be 1.0 ! 1.6 k� at �3.6 cm and 0.5 ! 0.7 k�
at �6.2 cm. Merging of the Q and U maps was carried out using
the same optimum uv range as found for I .

The fraction of total emission (Stokes I) present in the VLA
maps – those produced using natural weighting, and hence with the
highest signal-to-noise ratio – is about 30% at �3 cm and close to
50% at �6 cm compared to the merged maps. Small-scale fluctu-
ations in Q and U due to variations in the magnetic field orien-
tation and Faraday rotation in M51 mean that the polarized emis-
sion is less severely affected by missing large-scales (alternatively,
the single dish detects the large-scale emission missed by an in-
terferometer but simultaneously suffers from stronger wavelength-
independent beam depolarization). At �3 cm the VLA map con-
tains about 75% of the polarized emission present in the merged
map, with about 85% present at �6 cm.

Following the merging, the maps in I , Q and U were con-
volved with a Gaussian beam to give a slightly coarser resolution
and higher signal-to-noise ratio. The maps that are discussed in this
paper are listed in Table 1 along with the r.m.s. noises in total and
polarized intensity.
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Figure 1. (a) �3 cm and (b) �6 cm radio emission at 1500 resolution from VLA and Effelsberg observations, overlaid on a Hubble Space Telescope optical
image (image credit: NASA, ESA, S. Beckwith (STScI), and The Hubble Heritage Team (STScI/AURA)). Total intensity contours in both maps are at
6, 12, 24, 36, 48, 96, 192 times the noise levels of 20µJy/beam at �3 cm and 30µJy/beam at �6 cm. (Note that the roughly horizontal contours at the left
edge of panel (a) are artefacts arising from mosaicing the two VLA pointings.) Also shown are the B-vectors of polarized emission: the plane of polarization
of the observed electric field rotated by 90�, not corrected for Faraday rotation, with a length proportional to the polarized intensity (PI) and only plotted
where PI > 3�PI .

larization with the 100-m Effelsberg telescope 2 in December 2001
and April 2002 using the sensitive �3.6 cm (1.1 GHz bandwidth)
receiver. We obtained 44 maps of a 120 by 120 field around M51,
scanned in orthogonal directions. Each map in I , Q and U was
edited and baseline corrected individually, then all maps in each
Stokes parameter were combined using a basket weaving method
(Emerson & Gräve 1988). The r.m.s. noise in the final maps, after
slight smoothing to 9000, is 200µJy/beam in total intensity and
20µJy/beam in polarized intensity.

At �6.2 cm, ten maps of a 410 by 340 field were observed in
November 2003 with the 4.85 GHz (500 MHz bandwidth) dual-
horn receiver. The combined data resulted in a new 18000 resolution
image with r.m.s. noise of 250µJy/beam in total intensity and
25µJy/beam in polarization.

Maps from the VLA and Effelsberg were combined using the
AIPS task IMERG. A useful description of the principles of merg-
ing single dish and interferometric data is given by Stanimirovic
(2002). The range of overlap in the uv plane between the two im-
ages (parameter uvrange in IMERG) was estimated as follows:
we assumed an effective Effelsberg diameter of about 60 m to esti-
mate the maximum extent of the single dish in the uv space (1.7 k�
at �3.6 cm and 1.0 k� at �6.2 cm) and used the minimum sep-
aration of the VLA antennas in the D-array configuration, 35 m,

2 The Effelsberg 100-m telescope is operated by the Max-Planck-Institut
für Radioastronomie on behalf of the Max-Planck-Gesellschaft.

to calculate the minimum coverage of the interferometer in the uv
space (1.0 k� at �3.6 cm and 0.6 k� at �6.2 cm). We then varied
these parameters in order to find the optimum overlap in the uv
space by comparing the integrated total flux in the merged maps
with that of the single dish maps; the optimal uv-ranges for merg-
ing were found to be 1.0 ! 1.6 k� at �3.6 cm and 0.5 ! 0.7 k�
at �6.2 cm. Merging of the Q and U maps was carried out using
the same optimum uv range as found for I .

The fraction of total emission (Stokes I) present in the VLA
maps – those produced using natural weighting, and hence with the
highest signal-to-noise ratio – is about 30% at �3 cm and close to
50% at �6 cm compared to the merged maps. Small-scale fluctu-
ations in Q and U due to variations in the magnetic field orien-
tation and Faraday rotation in M51 mean that the polarized emis-
sion is less severely affected by missing large-scales (alternatively,
the single dish detects the large-scale emission missed by an in-
terferometer but simultaneously suffers from stronger wavelength-
independent beam depolarization). At �3 cm the VLA map con-
tains about 75% of the polarized emission present in the merged
map, with about 85% present at �6 cm.

Following the merging, the maps in I , Q and U were con-
volved with a Gaussian beam to give a slightly coarser resolution
and higher signal-to-noise ratio. The maps that are discussed in this
paper are listed in Table 1 along with the r.m.s. noises in total and
polarized intensity.
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Figure 1. (a) �3 cm and (b) �6 cm radio emission at 1500 resolution from VLA and Effelsberg observations, overlaid on a Hubble Space Telescope optical
image (image credit: NASA, ESA, S. Beckwith (STScI), and The Hubble Heritage Team (STScI/AURA)). Total intensity contours in both maps are at
6, 12, 24, 36, 48, 96, 192 times the noise levels of 20µJy/beam at �3 cm and 30µJy/beam at �6 cm. (Note that the roughly horizontal contours at the left
edge of panel (a) are artefacts arising from mosaicing the two VLA pointings.) Also shown are the B-vectors of polarized emission: the plane of polarization
of the observed electric field rotated by 90�, not corrected for Faraday rotation, with a length proportional to the polarized intensity (PI) and only plotted
where PI > 3�PI .

larization with the 100-m Effelsberg telescope 2 in December 2001
and April 2002 using the sensitive �3.6 cm (1.1 GHz bandwidth)
receiver. We obtained 44 maps of a 120 by 120 field around M51,
scanned in orthogonal directions. Each map in I , Q and U was
edited and baseline corrected individually, then all maps in each
Stokes parameter were combined using a basket weaving method
(Emerson & Gräve 1988). The r.m.s. noise in the final maps, after
slight smoothing to 9000, is 200µJy/beam in total intensity and
20µJy/beam in polarized intensity.

At �6.2 cm, ten maps of a 410 by 340 field were observed in
November 2003 with the 4.85 GHz (500 MHz bandwidth) dual-
horn receiver. The combined data resulted in a new 18000 resolution
image with r.m.s. noise of 250µJy/beam in total intensity and
25µJy/beam in polarization.

Maps from the VLA and Effelsberg were combined using the
AIPS task IMERG. A useful description of the principles of merg-
ing single dish and interferometric data is given by Stanimirovic
(2002). The range of overlap in the uv plane between the two im-
ages (parameter uvrange in IMERG) was estimated as follows:
we assumed an effective Effelsberg diameter of about 60 m to esti-
mate the maximum extent of the single dish in the uv space (1.7 k�
at �3.6 cm and 1.0 k� at �6.2 cm) and used the minimum sep-
aration of the VLA antennas in the D-array configuration, 35 m,

2 The Effelsberg 100-m telescope is operated by the Max-Planck-Institut
für Radioastronomie on behalf of the Max-Planck-Gesellschaft.

to calculate the minimum coverage of the interferometer in the uv
space (1.0 k� at �3.6 cm and 0.6 k� at �6.2 cm). We then varied
these parameters in order to find the optimum overlap in the uv
space by comparing the integrated total flux in the merged maps
with that of the single dish maps; the optimal uv-ranges for merg-
ing were found to be 1.0 ! 1.6 k� at �3.6 cm and 0.5 ! 0.7 k�
at �6.2 cm. Merging of the Q and U maps was carried out using
the same optimum uv range as found for I .

The fraction of total emission (Stokes I) present in the VLA
maps – those produced using natural weighting, and hence with the
highest signal-to-noise ratio – is about 30% at �3 cm and close to
50% at �6 cm compared to the merged maps. Small-scale fluctu-
ations in Q and U due to variations in the magnetic field orien-
tation and Faraday rotation in M51 mean that the polarized emis-
sion is less severely affected by missing large-scales (alternatively,
the single dish detects the large-scale emission missed by an in-
terferometer but simultaneously suffers from stronger wavelength-
independent beam depolarization). At �3 cm the VLA map con-
tains about 75% of the polarized emission present in the merged
map, with about 85% present at �6 cm.

Following the merging, the maps in I , Q and U were con-
volved with a Gaussian beam to give a slightly coarser resolution
and higher signal-to-noise ratio. The maps that are discussed in this
paper are listed in Table 1 along with the r.m.s. noises in total and
polarized intensity.
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