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John Robert (Jack) Cunningham, O.C., B.Eng., M.Sc., Ph.D.,
FCCPM, FAAPM, FCOMP. 1927–2020

1927: Born, Regina, 
Saskatchewan

1945-50. B. Eng. Univ. 
Saskatchewan, Saskatoon

1948-50. Operated 
radon plant, Saskatoon

1950-51. Master’s degree 
under Harold Johns

Electron range-energy data from betatron

1951-53. Grain 
Research Laboratory, 
Winnipeg, Manitoba.

1953-55. Ph.D. in 
Physics, Univ Toronto

Polymer research using ultrasound

1955-58. Canadian Defense 
Research Board, Ottawa

On “Effects of Nuclear Weapons.”

1958-64. Chief of Clinical 
Physics, OCI/PMH, Toronto

1965-89. Chief, Clinical 
Physics, OCI/PMH, Toronto

1989-98. Consultant, 
Theratronics Inter’l Ltd/ 
MDS Nordion, Ottawa

1998-2020. Retired
1964-65. Consultant, 
IAEA, Ceylon (Sri Lanka)

Advisor in Medical Physics and 
Radiation Protection



JRC, Contributions, 1958-60
• Developments on cobalt-60 therapy machines

Am J Roentgen Rad Therapy & Nucl Med  92: 202-206; 1964
Am J Roentgen Rad Therapy & Nucl Med  91: 4-12; 1959



JRC, Contributions, 1962
A Simple Facility for Whole-Body Irradiation

J.R. Cunningham and D.J. Wright

Radiology 78: 941-949; 1962



1960s. Compensator Cutter

Cunningham et al. Radiology 82: 130-131; 1964



1966

Describes SAR in Appendix



Br J Radiol 39: 7-11; 1966



1967
• IAEA Atlas of Radiation Dose 

Distributions: 
• Vol. 3, Moving field isodose charts. 

Tsien, Cunningham, Wright, Jones, 
Pfalzner, 1967



1967, First Computer for Radiation Therapy

• Program and data storage on cards with magnetic strips 
• Contour entry by a “rho-theta” tracing unit

The “PC”

- Programmed Console

- 12K memory

JR Cunningham

12K !!!



1967, First Computer for Radiation Therapy

• Programmed Console  (PC)

• 12K of memory

• 12-bit word

• Note TV camera  for 

enlarging display

JR Cunningham



PC, Display for Treatment Planning

• Display of patient’s contour & 3 beam arranged to treat target 
• Isodoses are shown within the “viewing window”

JR Cunningham



PC, Display for Treatment Planning

Display of isodose  curves for a single beam

• Plotting was also 

available

JR Cunningham



Matrix Representation
• Doses measured and pre-stored on grid

• For treatment planning, interpolate 
between points

• Make corrections for contour, wedges, 
inhomogeneities

X-Y Cartesian Grid

Decrement Line Grid



1960s 
• Development of algorithms 

summing

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑑𝑜𝑠𝑒 + 𝑆𝑐𝑎𝑡𝑡𝑒𝑟 𝐷𝑜𝑠𝑒

• Scatter dose:

SAR'(d, r) = /360 [SAR(d,r)]

SAR(d, r) = [TAR(d,r) - TAR(d,0)]



• Primary plus scatter calculations

• Using scatter-air ratios

Comput Prog Biomed 2: 192-199; 1972

Radial sector integration (Clarkson)



CBEAM Uses Cartesian Slabs

Cunningham’s CBEAM

Beam intensity 
modulated in only 
one direction

Flat or symmetric 
contour
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Differential SARs
dSAR(d, r) = [SAR(d,r+dr) - SAR(d,r)]
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Differential SARs (dSAR)
Pencil Beam

dSAR(d, r) = /360 [SAR(d,r+dr) - SAR(d,r)]
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Differential SARs (d2SAR)

dSAR

Pencil Beam

d2SAR 

Differential Pencil 
Beam

d2SAR(d, r) = ed dSAR(d+d,r) - dSAR(d,r)



Pencil Beam Concept

Johns & Cunningham, 3rd edition, 1969



1969, Canadian Association of Physicists Annual Meeting

• Jack Cunningham 
• Chairman, Division of Medical and Biological 

Physics, Canadian Association of Physicists



1969, Canadian Association of Physicists Annual Meeting

• Jack Cunningham 
• Chairman, Division of Medical and Biological 

Physics, Canadian Association of Physicists



Scatter-Air Ratios
• SARs already defined in mid-1960s



1972, Timesharing System
JVD – 50 years ago

Dose Distribution
Alpha-Numeric Printout



Bar-Arc Technique – 1974



1975-79 
AECL: TP-11

• Treatment Planning with a PDP-11



1976



Late 1970s, CT-Based Planning 
• Dose dependent on:

1. Release and Spread of Energy

• Primary and scatter

• Level of summation or integration

2. Utilization of Patient Anatomical Data

• Imaging geometry and density data

• Assumptions of symmetry



Example of Symmetry Assumptions



1978, EqTAR Method … “2.5-D”

• For computational speed, adjacent slice data 
were collapsed to an effective scattering slice

Sontag & Cunningham. Radiology 129: 787-94; 1978



1979, Theraplan: CT-Based TP
42 years ago!



>1980s Theraplan Plus 







Surface, Target, Critical Tissues, 
Beam

IAEA Training Workshop on RTPS QA, Algiers, Algeria, 2009-11-08 to 12



Isodose Displays
Isodose lines Isoshades



1983



1987
Tabular/Matrix Format
• Cartesian
• Polar
• Fan line
• Decrement line
• Fast … correct for contours
• Much data
• Not too accurate



1-D vs 2-D vs 3-D Comparison

7/15/2021

Minus 4% Minus  8%

Cobalt-60 Cobalt-60

Sphere Sphere



1988, AAPM Coolidge Award
• San Antonio, TX

• Joint AAPM-IOMP



Impact of Jack’s Programs?
• No. of TP11s & Theraplans sold: 1500

• Average lifetime:  7 years

• Average cancer center: 1,000 patients/year

• Average no. of patient plans:

• 1500 X 7 X 1,000 = 

>10 million patients impacted by these programs

Thanks to discussions with J. Battista



2005, Order of Canada

Governor General: Michaëlle Jean




