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The Names: An Incomplete List

• Johann Karl August Radon 1887‐1956

• William Henry Oldendorf 1925‐1992

• Allan McLeod Cormack 1919‐2004

• Godfrey Newbold Hounsfield 1919‐2004

• Robert Ledley 1924‐



Sir Godfrey Hounsfield

• Elected to Royal Society  
1975

• Nobel prize 1979 shared 
with Allan Cormack

1919‐2004



EMI Head Scanner

First clinical image (Atkinson‐
Morley Hospital London



EMI Head Scanner

1972 sales brochure

Dose information



EMI Head Scanner

X‐Ray Controls

Geometry: Translate rotate, pencil beam

Scan time: 4.5‐20 min

Rotation Angle: 1°

Number of views: 180

Samples per view: 160

Total samples: 28,800

Matrix: 80 x 80

FOV: 23.5 cm

Pixel size: 3 x 3 mm

Slice thickness: 13 mm or 8 mm

X‐ray tube: Fixed anode

Technique Factors: 100 (40), 120 (32), 140 (27) [ 
KVp (mA)]

Detectors: NaI‐PMT

Cost: ~$350,000



Question: What machine was the first 
multislice CT? 

Answer:  EMI head scanner!  
It had 2 detectors along the 
Z‐axis.



EMI Head Scanner

• ‘Print out scale’
+ 500

1972 sales brochure

First truly digital device in radiology



EMI Head Scanner

1972 sales brochure



EMI: Rise and Fall
1971: Prototype head scanner installed at Atkinson 

Morley Hospital
1972: First clinical results presented by James Ambrose, 

MD on 70 patients
1973: Clinical production, two units installed in the US at 

Mayo Clinic and at MGH
1974: ACTA whole body scanner installed
1975: 3rd generation machines installed
1975: 10 companies now make CT scanners including all 

of the major equipment manufacturers
1978: EMI loses $56 million
1979:  EMI introduces the 7070 nutating ring scanner
1979: EMI sells business to Thorn Electrical Industries
1980: GE buys scanner business from Thorn for $37.5 

million



EMI: Rise and Fall

The saga of EMI’s CT scanner business became 
a case study at the Harvard Business School:
• Although CT represented a conceptual 
breakthrough, the technologies it harnessed 
were quite well known and understood

• Supposedly well protected by a wall of patents
– Once the product was on the market it could be 
reverse engineered and its essential features 
copies



Whole Body Scanner
• ACTA Scanner

– Installed in Georgetown 
University Medical Center in 
February 1974

– Ist generation geometry‐very 
similar to EMI head scanner

– 5 minute data acquisition time

• Developed by Robert Ledley
• Sold by Pfizer
• Sold for under $300,000
• Currently in the Smithsonian 

National Museum of 
American History



Delta Scanner (Ohio Nuclear)
• 1st installed November 1974 in the Cleveland Clinic

– Whole body scanner with translate‐rotate geometry 
with ~ 2 minute acquisition

• Produced one of the first 2nd generation scanners
– 3 detector configuration

• Subsequently produced 3rd and 4th generation 
scanners

• Relatively long‐lived (1974‐1985)
– Bought by Johnson and Johnson

• Intellectual property sold to GE in 1986



CT Data Acquisition

• Calibrate detectors prior to acquiring each view

X-ray tube
collimator

detector
translate

rotate 
1o

X-ray tube

detectors

collimator

translate

rotate
fan angle

Translate‐rotate
(1st generation)

Translate‐rotate, fan beam
(2nd generation)



CT Geometries

X-ray tube
collimator

detectors

Rotate‐rotate (3rd generation)

detectors

collimator

Rotate‐stationary (4th generation)

X-ray tube



Quest for Scan Speed
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Typical Performance Circa 1976
• Searle Pho/Trax

– Head scanner

– 3rd generation

– Gas detectors

– 5‐40 sec scan time

– 40 sec recon

– Also had a body 
scanner (Pho/Trax 
4000



Innovations in 3rd Generation Geometries

• Challenge was to have stable detectors
– No ability to calibrate during acquisition

– Some machine required calibration between 
patients

• Samples per view determined by detector 
geometry



Gas Detectors

• High pressure Xe
– ~ 20 atm

– ~10‐20 cm thick

• Used only in 3rd generation machines

• GE, Varian, Artronix, Searle



Sampling Innovations: 3rd Generation

Quarter off‐set (1979)

RA Brooks, et al J Comput Assist Tomo 3 (1979)511‐518

Flying Spot (1981)



American Science and Engineering
• First 4th generation CT 
(1976)
– Rights later sold to Picker

• Used BGO
• Developed to overcome 
stability requirements of 
3rd generation geometry

• Shown at 1976 RSNA



Innovations in 4th Generation Geometries

• Challenge is to have sufficient views
– Samples per view not an issue



EMI 7070

• 4th generation, nutating ring
• Reduces ring diameter

– For a given number of detectors, improves spatial resolution
– 1088 CsI detectors

• Circa late 1970s

x

x



Artronix: A Typical Case
• Entered the CT market 
~1974
– 3rd generation

• Made both head and 
body scanners

• One of the first systems 
using Xe gas detectors

• Produced a 4th generation 
variant

• Went out of business in 
1978



Decisions



Miscellaneous Innovations

Company Innovation

AS&E 4th generation geometry, BGO detector

Artronix Xe detector, 4th generation variant

Elscint Combined 2nd/3rd generation machine

Ohio Nuclear 2nd generation, CaF2(Eu) solid state detector

Varian Xe/Kr gas detector, high voltage slip rings



1978 Status

• 14 companies 
listed

• All geometries 
represented

Policy Implications of Computed Tomography (CT) Scanner, NTIS #PB81‐163917 (1978)



CT Industrial Applications (NDT)

• Aerojet Strategic 
Propulsion Company
– Principle use solid fuel 
rockets/missles

– 420 KeV

– Up to 1m diameter 
objects

– Slice thickness 1‐10mm 

1981



Teletomography
Reconstruction 
done centrally

Data acquisition 
and display only

Modem links

Master gantryRemote gantry

Remote Display

Circa 1985



Dose Measurements

• Computed Tomography Dose Index 
– formalized in 1981 by TB Shope, et al Med Phys 8 
(1981)488‐495.

CTDI14T =
1

nT
D(z)dz

−7T

+7T

∫

Index



Socioeconomics

• Required education (re‐education?) of practicing 
radiologists

• Cost‐effectiveness questions
– Concerns regarding the cost of medical care if CT did 
not replace existing procedures

• “Much work remains to be done in order to 
establish those areas in which CT scanning will 
actually affect patient management not just 
verify the existence of disease!”
– McCullough and Payne:  ‘X‐Ray Transmission 
Computed Tomography’, Med Phys 4(1977) 85‐98.



And Today

• Scan times < 0.3 sec

• No tube cooling issues

• Slice thicknesses of  0.5 mm

• Can buy a CT scanner for ~ same as an EMI 
head scanner

• BUT top end machines sell for > $2.5 million
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