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ACBL	‘The	Jodrell	Bank	Telescopes’	(1985)	
H	Palmer	‘High	Resolution	Studies	in	Astronomy’	(1965)	
Serendipitious	Discoveries	in	radio	Astronomy,	NRAO,	(1983)	
George	Miley	talk	at	JIVE-ERIC	Inauguration



Early	Interferometry	at	Jodrell	Bank
• Jennison	&	Das	Gupta	1951-3:	Cyg	A	
• Intensity	interferometer	125	MHz	

• Radio-linked		-		10km	
• Early	multi-frequency	synthesis!
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From	Jennison	&	Das	Gupta	1955
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Henry	Palmer’s	group	
158	MHz	(Michelson):	218’	transit+36m2	array	
VHF	radio	link	

1954:	0.9	km	(Jodrell)	
1955:	1.8	km	(Lower	Withington)	
												3.9km	(Goostrey)	
												13	km	(Congleton)	
												20km	(Cat	&	Fiddle)	
3	objects	smaller	than	12	arcseconds

The	start	of	long	baseline	interferometry		
									at	Jodrell	Bank

AA	R	Thompson,	1983
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The	push	to	longer	baselines

• 1958-9:	Mk1	+	100m2	cyl.	parabola	
• 1960:	Holywell	(60km	W)	
• 1961:	Hemswell	via	Holme	Moss	
				115km	E,	187	sources	
				7	<	0.8	arcsec	
				…	discovery	of	quasars…	
• 1964:	Pocklington	
				25’	dish,134km,	408	MHz	
				remote	control,	TV	link	
				3	quasars	<	0.4	arcsec

4

Allen	et	al	1962	
Anderson	et	al	1965
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25’	dish	by	W	Donaldson	&	B	Anderson	
at	Pocklington,	Yorks.

Allen	et	al	1962	
Anderson	et	al	1965





Defford

• 2	x	25m	interferometer	by	
JS	Hey	1962	

• 127	km	baseline	to	JBO	
• 1965:	1.4	GHz	
				5	sources	<	0.1	arcsec	
• 1966:	5	GHz	
				<	0.01	arcsec	
VLBI	takes	over…

8Palmer	et	al	1967;	Miley	et	al	1967
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Wardle
• Designed	as	a	low	cost	transportable	
					dish	based	on	MkII	design		(24	x	36m)	
				(1961;	comm.	1966;	decomm.	1996)	
• 24	km	baseline	
• Phase-stable	link		
				Warwick	et	al	(1976)	
				subsequently	M	Bentley,	BA,	RJD	
				Founding	technology	of	MERLIN	
à Industry	of	Jodrell	single	baseline	
				component	&	polarization	values	(1970s)	
					0.4km	(MkII),	24km	(Wa)	&	127km	(De)	
àDepolarization	Asymmetry	(Laing+STG,	1988)	
àExtended	emission	around																																					

flat	spectrum	quasars	
					Moore	et	al	(1981)	[Mk1-De	966	MHz] 9



MkV(A)	&	the	birth	of	MERLIN
Lovell’s	grand	plan	1960-1977	
Big	single	dish	

MkIV:	500x1,500-15,000’	
MkV	(1965-1970):400’,	£8m	
MkVA	(1971-1974:	Cancelled):	375’,£18-22m	

‘Reserve	plan’	to	SRC	for	long-baseline	interferometer	
network	(MTRLI-	H	Palmer)	in	1974:		
JB,	Defford,	Wardle	(127	&	24km),	+	3	new	dishes		
					£3.6m	for	3	VLA	dishes,	+	links	etc	

Sep	‘74:	reduced	to	1		new	dish	(£1.9m)	at	Knockin	
approved	Jan	1975.	
Completed	Jan	1977	(E-systems	dish)	
Commissioned	with	JB,	De	&	Wardle	1978-1980	
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	Knockin



One	more	hurdle…

• No	source	structure	between	0.01		~1”?	
					(Cambridge,	IPS)	
• JB-Defford	(127km)	13cm		
				(Aug	1977:	Tzanetakis,	Spencer,+)	
• Source	separations	down	to	0.1”	
					hotspots	0.05-0.2”	
				->	CSS	sources:	VLBI,	MERLIN,VLA…	
• Concerns	withdrawn	(late	’77)	
				approval	for	2	more	tels

12
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O’Dea	et	al	

Tzanetakis	1982,	~PhD



MTRLI/MERLIN:	1980-1990
• 25-m	E-systems	telescopes	at	Tabley,	Darnhall	1979	
• Complete	array	Dec	1980	
• Excelled	at	high	resolution	imaging	0.1-1"	resolution,	
complemented	VLA		
• Extended	emission	around	quasars																													
->	unified	schemes	(Orr	&	Browne,	+…)	

• Quasar	Jets,	CSS	sources,	Seyferts	
• Gravitational	lenses	
• OH	Shells	

• Technical	development	
• Remote	operations	(real	time,	synchronous	
modems,	TV,	autonomy)	

• Phase	transfer	on	100+km	baselines	
• Self-calibration	&	hybrid	mapping

13



MERLIN2:	Extension	to	Cambridge	
1992-2002

• 32-m	at	Cambridge:	217km	
• 10	MHz	->	2	x	16MHz	dual	pol	
				(new	AM	links;	40	MHz	correlator)	
• 1.4/1.7,	5	&	22	GHz	receivers	
• 150	-	15	mas	resolution;	30-50	uJy/b	rms	
• High-quality	imaging;	deep	fields;	thermal	
sources	

• phase	referencing,	astrometry,	
polarimetry,	spectroscopy

14



MERLIN	Imaging

15

Luedke,	STG	et	al

Bahcall,	Muxlow,STG	et	al



MERLIN	Imaging
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MERLIN (Bryce et al) Hubble Space Telescope 



MERLIN	Imaging

17
T Muxlow,...STG et al 

MERLIN+VLA		Observations	of	HDF-N	
1986	(Muxlow	et	al	2005)	
94	sources	in	10’	sq.	rms	3	uJy/b	
150-300	mas:		
sizes	to	1”;	structure	100	mas	scales	
star-formation	vs	AGN



The	birth	of	e-MERLIN
• RJ	Cohen	(1995)	-	‘MERLIN	Phase	3’	

• New	high	frequency	bands,	replace	Defford	
(tried	as	Phase	1)	

• Up	to	1	GHz	b/w,	optical	fibres?	
• New	Director	(Diamond),	many	reviews,	detailed	
design	concept	2000	(except	for	data	
transmission…)		

• Funding	package	mostly	from	local	development/
Manchester	University,	+	UMIST,	Cambridge	2002	

• Budget	evolution:	
• £16m	->	£11m	->	£8.6m	->	£7.6m	
• …	of	which	£5.2m	(non-staff)	for:	
• National	fibre	network,	optics,	receivers,	IF,	
samplers,	transmission,	correlator	,…	
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e-MERLIN:	Design	&	Implementation
Fibre network & correlator were key challenges 
• Correlator: DRAO/NRAO WIDAR 

• Excellent fit, flexible design 
• < 10% of EVLA WIDAR 

• Fibre network: 
• 2x2 GHz = 30Gb/s per tel (min) 
• Nationwide network at time of dotcom 

bust/boom + deregulation 
    10x UK internet traffic (at tender,2004) 
     -> Dark fibre network + ALMA/EVLA DTS 
• ‘Last mile’ = 100km 

• significant dig across private land, 
along roads, under motorways, 
canals,… 2004-5 

• 600km leased from 3 providers

19
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Crewe

Birmingham

Nottingham

Peterboro

Pickmere

Jodrell Bank

Darnhall

Knockin

Cambridge

Defford



e-MERLIN:	Implementation
Entire system replaced: 

Telescope drives, control, optics 
Receivers, IF, LO, samplers, transmission 
Correlator, data acquisition & control s/w 

Frequency std distribution over optical fibre network 

Key decisions: 
Early focus on fibre network :) 
Bought-in correlator DRAO, Penticton:) 
Upgrade where possible :) 
No compromise on 2 x 2 GHz b/w :) 
Optical phase transfer using MERLIN modulation :) 
Beg & borrow designs :| 
Piecemeal improvement in tel. control :( 

Time & Budget: 
On-budget :)   …  some work deferred to operations 
On-time: 

fibre network; receivers 
Some delay… 

IF/digital: manpower-limited 
     Correlator: complexity 
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Bumps	in	the	road
• 2008	was	difficult	for	
everybody	…	incl	STFC	

• Strong	support	from	public	
&	scientific	community	

• KSP	programme	(Legacy)		
instrumental	in	
demonstrating	breadth	&	
depth	of	science,	
mobilising	community	

21
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First	Light

• Huge	effort!	

• 1st	single	tel.	’analogue	light’	to								
1st	fringes:	24	days	(T0+6yr)	

• 1st	fringes	to	1st	images:															
8-16	months	

• 1st	fringes	to	production:	
				2	yrs	(RTS	rule!		8	yrs	after	funding)	
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e-MERLIN:	Performance	&	Current	Science

• High-sensitivity	(2uJy/b)	
high-resolution	(0.15”)	
wide	fields,	eg	GOODS-N	
• AGN/SFGs;	where	is	
star-formation?	

• Mosaiced	Surveys:	
• galactic	(Cyg	OB)	
• weak	lensing

23

e-MERLIN 

Peak 24µJy/bm 
CI  6.75µJy/bm 

1010 M๏ dust obscured 
irregular galaxy 
z=0.422  

~5kpc 

Peak 35µJy/bm 
CI  6.75µJy/bm 

e-MERLIN  

1011M๏ galaxy 
z=0.5186 

HST ACS 

e-MERGE	Consortium:	
Muxlow,	Beswick,	Smail.	STG,+…
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COBRaS:	Morford,	Prinja,	Fenech+…	
Cyg	OB	Association	Survey
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RMS noise 
1deg2 

SuperClass	Weak	Lensing	Survey	
Battye,	Brown,…STG	et	al



e-MERLIN:	performance	&	current	science

• Detailed	
imaging	of	M82	

• Beswick	+	
LEMMINGS	
consortium

24



e-MERLIN:	future	development
• Proposal	submitted	for	operations	and	
development	

• Aim	to	improve		
• productivity	(s/w)	
• frequency	coverage	
• bandwidth/sensitivity	
• survey	speed	
• imaging	quality	

• Modest	cost	(£10m),	non-disruptive	
• Competitive	&	complementary	to	SKA1-mid	
…	bring	e-MERLIN	to	SKA	Era	

• Support	development	of	SKA	community

25



e-MERLIN	Upgrades	

Throughput	

Frequency	Coverage	

Sensi?vity	

Survey	Speed	

Imaging	quality	

PSR	Beamforming	

SKA-based	so,ware	
pipelines	

New	Receiver	Bands	
2-4	&	8-16	GHz	

New	digital	chain:	
2x4,	2x8	GHz	b/w	

Flexible	correlator/
beamformer	

PAF	on	Lovell	

New	telescope	at	
Defford	

✔SKA-level	
performance	

✔Full	coverage	
1-24	GHz	

✔max	
available	b/w	

✔4x	survey	
speed	

✔max	area	
for	pulsars	

✔all	tels	at	all	
bands	



Transforma)on	

MTRLI	–	1980	
134km,	10	MHz	
0.4,	1.5	GHz	
£33m	

MERLIN	–	1991	
217km,	2x15	MHz	
0.15,1.5,5,22	GHz	
£14m	

e-MERLIN	–	2009	
2	x	2	GHz	
£11m	

e-MERLIN	–	2018	
1-16	GHz;	2x8	GHz	b/w	
440km	
£10m	



Key	Science	Goals	
	
•  Planet-forma4on	
•  Star-forma4on	&	evolu4on	
•  Galaxy	evolu4on	&	role	of	black	holes	
•  Fundamental	&	extreme	physics	with	

pulsars	
•  Gravita4onal	waves	(nHz)	using	pulsars	
•  Dark	maFer	&	dark	energy	using	

gravita4onal	lensing	
•  Compact	objects	&	rela4vis4c	par4cle	

jets	from	AGN	

8-16	GHz		

2-4	GHz		

PAF		

Bandwidth	

2-4	GHz		

Digital	upgrade		

Defford			

Defford			



Key	figures

• Henry	Palmer	&	group,	esp	Barrie	Rowson	
• MRTLI	&	MERLIN	pioneers:	Bryan	Anderson,	JG,	Mike	
Bentley,	Roger	Noble,	Peter	Thomasson,	Ian	Morison,	
Richard	Davis,	Ralph	Spencer,	Tom	Muxlow	

• e-MERLIN	Team:	
     M Anderson, M Asif, J Bartle, A Bayley  
     M Bentley, R Beswick, T Blackburn, E Blackhurst  
     P Burgess, D Clarke, P Clarke, J Cullen, R Dickson  
     J Edgley, A Galtress, S Garrington, A Gunn, J Hamilton  
     B Hancock, P Harrison, A Holloway, A Howson, L Invernon 
     A Johnson, C Jordan, J Kitching, J Lapi, A Linton, R McCool, C Mance  
     I Manfield, F Manning, J Marshall, S Morris, T Muxlow  
     R Noble, L Parry, M Roberts, C Shenton, S Smith, P Stanway  
     M Stubbs A Williams

29



Summary

• MERLIN	was	inspired	&	justified	by	early																																		
long-baseline	interferometry	at	JBO	

• Established	several	key	technologies	
• Plenty	of	excellent	science	at	0.1”!	
• e-MERLIN	delivers	the	sensitivity	required	
• To	reach	full	potential	needs	modest	upgrade		
• Frequency	coverage	(1-24	GHz);	bandwidth	
• PAF,	imaging	quality,	SKA	s/w	

• SKA	technologies;	SKA	science	&	skills	preparation	
• Small	arrays	of	big	telescopes:	develop	future	technologies			
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