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Abstract

As the first in a series of two papers contributed on
the occasion of a special program held at the Scanning
Microscopy/1989 meeting in Salt Lake City in honour of
Dr. T.A. Hall, and in recognition of his achievements
for biological electron probe X-ray microanalysis, this
paper provides a biographical sketch of Dr. Hall, as well
as a bibliography.

Key Words: Dr T.A. Hall, biological microprobe
analysis, Cambridge

369

Ted Hall, as he is generally known, was born on the
20th of October 1925 in Far Rockaway, Queens, New
York, USA. He obtained his B.S. in physics cum laude
from Harvard University in 1944, and his Ph.D. from
the University of Chicago in 1950. For his Ph.D. he
worked on the state of charged particles beam passing
through thin metallic films. This topic seems to have
foreshadowed Ted’s subsequent dedication to the use of
an electron beam impinging on thin films or sections of
biological specimens. From 1950 to 1952 Ted Hall was
a postdoctoral Fellow in Biophysics at the Institute of
Radiobiology and Biophysics in the University of Chi-
cago. Distressed by the application of particle physics
for developing the atomic bomb, Ted Hall switched his
interests to the application of physical techniques in
biomedical research. From 1952 to 1962 he worked in
the Biophysics Department of Sloan-Kettering Institute
at the Memorial Centre for Cancer, and also Cornell
University Medical School in New York City, on devel-
oping the application of X-ray fluorescence analysis to
tissue-sections from clinical and experimental specimens,
particularly from the urogenital tract of mammals. This
was the period when the importance of zinc in the male
reproductive maturation in mammals was being discover-
ed. Ted Hall used X-ray fluorescence for measuring zinc
contents in prostate gland and seminal spermatozoa of
rat, dog and man.

However, the limited degree of localization afforded
by X-ray fluorescence analysis was frustrating and the
then emerging technique of electron probe X-ray analy-
sis seemed to hold more promise for in situ characteriza-
tion of chemical elements in biological tissues. He wrote
to Dr. V.E. Cosslett at the University of Cambridge, in
whose laboratory in the late 1950’s, Peter Duncumb had
developed the first scanning microanalyser from an RCA
electron microscope. Following a meeting with Cosslett
at a New York Academy of Sciences conference in
1961, Ted Hall, his spouse Joan, and three daughters,
Ruth, Deborah and Sara, arrived in Cambridge on July
17, 1962, little suspecting that they were to remain
enmeshed in the legendary web of Cambridge and never
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return to the USA.

Whether it was by coincidence or as a consequence
of Karma from ones previous incarnations - as we
Hindus would have you believe, Ted Hall followed Peter
Duncumb into a room in the Cavendish laboratory where
J.J. Thomson had discovered the electron. Ted occupied
that room from 1962 to 1976, first with a home-made
"microscan” and later with the Associated Electrical
Industries (AEI) EMMA-4 (electron microscope micro-
analyser). It was in this room where Ted developed his
well-known method of continuum normalization
(commonly known in the trade as the "Hall method”) for
the absolute quantification of chemical elements in ’thin’
biological specimens.

My acquaintance with Ted started in 1970. I was a
research associate with the late Professor Torkel Weis-
Fogh in the Zoology Department. There was, at that
time, a great interest in the mechanisms of ion and water
transport in cells and epithelial tissues in the departments
of Botany, Physiology and Zoology in Cambridge. The
first analytical electron microscope microanalyser
(EMMA-4) based on Peter Duncumb’s prototype had
just been made commercially available by AEI in the
UK. Torkel Weis-Fogh and I thought that perhaps the
time had come to study the distribution of ions and other
chemical elements in cell and tissues in situ in order to
address many basic biological questions. We went to see
Ted Hall and after many discussions decided that the
biological questions involving diffusible elements of
most interest to physiology can be tackled properly only
by using cryo-methods of specimen preparation and anal-
ysing 2 um thick frozen-hydrated sections in a *micro-
scan’-type instrument based on a scanning microscope.
This led to the establishment of the Biological Micro-
probe Laboratory (BML) in the Zoology Department
with Ted Hall as one of the five Principal Participants
(the others being Torkel Weis-Fogh - the grant holder,
Patrick Echlin from Botany, Roger Moreton and
myself). Much of the rechnical development programme,
comprehensively outlined in our extensive grant
application to the Science Research Council (SRC) of the
UK was based on Ted Hall’s previous experience and on
the manuscript for a chapter in the Physical Techniques
in Biological Research, 1971.

The very idea of analysing frozen-hydrated speci-
mens in an electron microscope under relatively high
beam currents required for using fully-focussing wave
length dispersive X-ray spectrometers, was a leap into
complete darkness to some, and evidence of madness to
all others. Nevertheless, the funding council and its
peer-committee then worked on the principle that prog-
ress in any creative activity can be achieved only by
supporting novel approaches and by allowing the right of
failure to the adventurer. Unfortunately this positive

approach to funding was to gradually disappear under
the pressure of continued financial cuts imposed by the
successive governments in the UK. Even more unfortu-
nate for us, Professor Weis-Fogh died prematurely in
1975. This led to a dispersal of the group and by 1979
it was essentially reduced to Ted Hall, myself and 2 jun-
ior technicians. It now seems miraculous that virtually
all of the technical and biological (zoological) pro-
grammes proposed in 1971 in our original application to
the SRC have actually been accomplished! This success
in a technical approach which most other laboratories
still find impossible, is a tribute to Ted Hall’s fortitude,
his deep understanding of the physical problems, his
foresight in selecting the use of 1-2 um thick sections
for the analysis in frozen-hydrated form, and his com-
mitment to addressing the biological projects proposed.
We did not allow ourselves to be totally embroiled in
developing the perfect method first, before doing any
biology - a common failing in many laboratories.

In parallel with the Biological Microprobe Laborato-
ry (BML) in the Zoology Department, Ted Hall was
awarded funds to set up an EMMA-4 facility for micro-
analysis in ultrathin sections at a resolution higher than
afforded in 1 um thick frozen-hydrated sections. Patricia
Peters was Ted’s research associate for all the work on
EMMA-4. Thus for the period from 1971 to 1976 Ted
was deeply involved in research work in both laborato-
ries and was essentially responsible for the regular modi-
fications and proper usage of the analytical instruments.
However, in 1974 the Cavendish laboratory was moved
to new premises outside the centre of Cambridge and
only Cosslett’s electron microscope unit remained at the
old site. The physics department lost interest in the
biological application of microanalytical techniques. In
1976 Ted Hall finally moved to the Zoology Department
with his EMMA-4 and remained in-charge of the Biolog-
ical Microprobe Laboratory until 1984. In that year a
complete curtailment of funds forced him into an early
retirement and lead to the complete closure of the labo-
ratory. It also proved to be the demise of all biological
microprobe work, based on direct analysis of cryo-pre-
pared material, in Cambridge. The closure of BML also
removed the only proven facility anywhere, however
limited, which permitted direct measurements of ions
and water in 1 um thick frozen-hydrated sections with a
demonstrated analytical spatial resolution of about 0.2
pum.

During 40 years of active science Ted Hall au-
thored, singly or jointly, some 160 publications (see list
appended). He co-authored a book and co-edited several
major Symposia Proceedings in the formative period of
the technique. For the biological work, he collaborated
with a large number of workers from the UK and
abroad, who came to him either to make a quick spot-
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Photographs of Ted Hall: Left - in 1962, starting in Cambridge; right - in 1988, retired in Cambridge.

check for the presence of an element in their specimens,
or for an initiation into the art of electron probe X-ray
microanalysis (EPXMA).

Ted Hall’s definitive influence on biological micro-
analysis cannot be gauged solely by his scientific output
in print. His expert advice has been constantly sought
(and readily proffered) by workers from New Zealand
to South America, either during personal meetings, by
telephone, or by intensive correspondence often extend-
ing over months. The problems ranged from anomalies
in results, quantification procedures, sources of and cor-
rections for extraneous X-rays, conversion of X-ray data
to physiological quantities, instrumental configurations,
and the choice of suitable equipment for new laborato-
ries embarking on EPXMA work. The benefit of his ex-
pertise to others also permeated through his constructive
and elaborate reviews of manuscripts submitted for pub-
lication to a variety of journals, the evaluation of grant
applications for the funding bodies in many countries,
his specialist membership of the Referee’s Panels for the
Science Research Councils in West Germany, and not
least, his tutorial lecture-courses in the UK, Sweden,
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Denmark and Germany (European Molecular Biology
Organisation, EMBO, laboratory). Ted has championed
the use of EPXMA in biology and medicine with a mis-
sionary zeal, always regarding his knowledge as ’public
property’. He freely discussed the unpublished results
from his labs even when on occasions, and to our cha-
grin, the beneficiaries, wittingly or unwittingly,
’scooped’ us in publication.

In spite of Ted Hall’s unshaken faith in EPXMA as
the only proven method available at present for a fully
quantitative measurement of total concentrations of all
the chemical elements simultaneously in biological speci-
mens in situ, he overtly counselled the freshly inspired
enthusiasts to contain their expectations within the real-
istic limits of practical analytical resolution (about 0.1
um) and the lowest measurable concentrations (about 1
mM). His extreme caution and low-key approach can
sometimes be mistranslated into an apparent pessimism.
An anecdotical example is from 1977, when Ted said in
his lecture in Stockholm, that given the problem of poor
image detail and mass loss in frozen-hydrated sections,
it may never be possible to measure ionic concentrations
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in narrow intercellular spaces in epithelia. Ironically,
and unknown to him, at that very time in Cambridge, I
was actually making such measurements in rabbit ileum!
As fate would have it, the publication of these results in
Nature (1978) generated a discomforting threat to the es-
tablished dogmas, and antagonised many domineering
physiologists, especially in Cambridge. Their reaction
finally resulted in the withdrawal of funds for our bio-
logical microprobe laboratory. To defend against private
accusations of fraud and grossly exaggerated claims, Ted
and I even published our X-ray data in an article in
Federation Proceedings (1978), but could not stop the
bulldozers from rolling. These ’offending’ results have
since been confirmed in many other laboratories! It may
be that in the modern age of commercial advertising and
aggressive marketing, the genuine and almost self-effac-
ing modesty of Ted Hall, hitherto considered a virtue in
science, is now punished as inadequacy!

Impressed by the biological output from Ted Hall’s
laboratories in Cambridge, admiring visitors often ex-
pected to find space-age technology on display. To their
amazement, they only saw rather aged preparative and
analytical facilities, still equipped with a range of home-
made Heath-Robinson prototype accessories. Our frozen
tissues were still sectioned on a custom built 1972 ver-
sion of SLEE-cryostat; our Kevex-Link energy disper-
sive spectrometer did not have the ultrathin window of
the modern versions, and we did not have an on-line
computer facility for data-processing on our Link system
until 1981. Until then we collected our X-ray data
manually and processed it with a pocket calculator. It
could be that in this way, we learnt what we were
doing! Ted was brought up in the old Cavendish tradi-
tion of the ’string and sealing wax’ approach to experi-
mental science which I too had learnt in the Zoology
Department. It is a tribute to Ted Hall’s deep under-
standing of EPXMA and his patient approach to data
scrutiny, that our ’primitive’ but reliable facilities could
be used for the creation of Link-Systems QUANTEM-
FLS software, in collaboration with Peter Statham - an-
other Cavendish product. Many ’bugs’ in the prototype
versions of this software packet were identified during
the actual biological work on our JEOL JXA-50A micro-
analyser, some only in the final year of the laboratory’s
operation.

It is gratifying that the scientific community con-
cerned with the microbeam analysis has publicly ac-
knowledged its gratitude to Ted Hall. In 1985, the
Microbeam Analysis Society (USA) elected Ted Hall to
the rare distinction of its Honorary Membership. The
proceedings volume of a recent International Conference
On the Progress in Electron Probe Microanalysis in
Biology and Medicine, held at Ringberg castle in Bavaria
(November 1988) is dedicated to Ted Hall. Since incep-
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tion in 1968, the annual conferences of Scanning
Microscopy, (formerly Scanning Electron Microscopy,
originally sponsored by the IIT (Illinois Institute of
Technology) Research Institute (IITRI) of Chicago, have
served as a major platform for reporting and discussing
the methodology of microbeam analysis, and its applica-
tion in biology and related sciences. In 1970, when Ted
Hall, Torkel Weis-Fogh and I first demonstrated that an
approximately 4-um thick ’iced’ section of a blow-fly
muscle, maintained at -145°C to -120°C on a prototype
LN, - cooled stage in a Cambridge ’Stereoscan’ scan-
ning electron microscope, was stable under a static
probe with a beam-current of 2. 108 A, the results were
reported by Patrick Echlin at the 4th Annual SEM Con-
ference in Chicago (1971). Prevented by Ted Hall’s con-
ventional modesty and the pressures of setting up new
laboratories, we never published these results as a sepa-
rate paper, even though this simple experiment heralded
the use of cryo-prepared and frozen-hydrated specimens
in biological microanalysis. It is only befitting that Scan-
ning Microscopy International sponsored the present
Symposium to honour Ted Hall in his retirement and
plan to publish the proceedings as a Festschrift in his
65th year. One might bask in Ted’s deserved glory and
consider these tributes as a vindication of the work in
Cambridge BML - previously dismissed by many as
"highly controversial’ or (privately) even fraudulent.

Ted Hall’s efforts to promote EPXMA have now re-
sulted in highly sophisticated and operatively efficient
cryo-preparative and analytical instruments manufactured
commercially. It may be salutary to ponder over the rea-
sons why Ted Hall and his collaborators succeeded in
achieving what many others still regard as impossible,
even with all the "'mod cons’. In my considered opinion,
the shortcomings in many a laboratory are that the
"physicists’ in-charge of the analytical facilities do not
attempt to understand the biological questions and the
analytical demands imposed by these systems. The ’bi-
ologists’ not blessed with the collaboration of an
understanding physicist tend to too readily accept the
data generated by their ’black-box’ analytical packets.
Ted Hall learnt to appreciate biological systems from the
start and always listened to his collaborating biologist.
During the inception of BML in Cambridge, Torkel
Weis-Fogh and Ted Hall got on famously, each under-
standing the other’s ’language’ with respect and deep
insight. Ted Hall has become so apt at communicating
biology that his audience often regard him as the biolo-
gist member of our laboratory. It may be that those frus-
trated by their biological EPXMA at present should think
more of how their analytical systems see their biological
specimens and rely less on the readily generated data,
whatever the claims of the manufacturers of their instru-
ments. If all else fails talk to Ted Hall.
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As a person, Ted Hall never took to the formal
pomposities of Cambridge College life. Whenever an op-
portunity arises, he loves to caricature the traditional use
of the academic gown by acting as a ’batman’. He
makes a sincere friend but keeps a limited social circle.
Although he religiously participated in all the national
and international meetings on microbeam analysis, he
does not actually enjoy travelling except when holidaying
with his dear wife. Amongst his many endearing idio-
syncrasies is his nervous habit of getting to the station or
the airport long before the schedule requires, lest the
transport should leave before the appointed time! An-
other is his absolute need for a gooey sweet after a
meal. Until I discovered Ted’s addiction, I could never
understand why after a working lunch of a sandwich
during our marathon microanalytical sessions, he would
go into a totally non-communicative "withdrawal” coma.
His non-scientific passions include economic sociology
of politics, classical western music, and playing tennis
(especially with the late Ellis Cosslett, after his official
retirement from Cavendish). All in all, Ted Hall is a
Jolly Good Fellow, and we all wish him a happy
retirement.

List of Publications by T A Hall
(in chronological order)

1. Hall TA, Koontz PG (1947) Scattering of fast
neutrons by helium. Phys Rev 72, 196-202.

2. Sutton R, Hall TA, Anderson EE, Bridge HS,
DeWire JW, Lavatelli LS, Long EA, Snyder T, Williams
RW (1947) Scattering of slow neutrons by ortho- and
para-hydrogen. Phys Rev 72, 1147-1156.

3. Koontz PG, Hall TA (1947) Counter for use in
scattering and disintegration experiments. Rev Sci Instr
18, 643-646.

4. Warshaw S, Hall TA (1949) Note on the energy
loss of H! and H? in Au and Al. Phys Rev 75, 891.

5. Allison SK, Frankel SP, Hall TA, Montague JH,
Morrish AH, Warshaw S (1949) Construction and cali-
bration of a cylindrical electrostatic analyzer. Rev Sci
Instr 20, 735-744.

6. Hall TA, Warshaw S, Dorsey J (1950) Integrator
for small beam currents. Rev Sci Instr 21, 177-178.

7. Hall TA (1950) Note on the Li(p,n) reaction and
an excited state of Be’. Phys Rev 77, 411.

8. Hall TA (1950) Ratio of cross-sections for elec-
tron capture and electron loss by proton beams in metals.
Phys Rev 79, 504-512.

9. Hall TA (1953) Interpretation of exponential
dose-effect curves. Bull Math Biophys 15, 43-47.

10. Hall TA (1954) Chemical analysis of radioactive
mixtures in biological materials. Nucleonics 12 (No 3),
34.

11. Hall T, Siegel M, Sharpe LM, Pressman D
(1954) Production of 1124 by the deuteron bombardment

373

of tellurium. Phys Rev 95, 1208.

12. Hall TA (1957) X-ray spectroscopy. In: Trace
Analysis (Yoe H, Koch H, eds) John Wiley and Sons,
New York, 485-492.

13. Hall TA (1958) A non-dispersive X-ray fluores-
cence unit for the analysis of biological tissue sections.
Adv X-Ray Analysis 1, 297-305.

14. Lo M-C, Hall T, Whitmore WF (1960) Some ef-
fects of dithizone on the canine prostate. Cancer 13, 401-
411.

15. Bimbaum D, Hall T (1961) An electro-ejacula-
tion technique for rats. Anat Rec 140, 49-50.

16. Birnbaum D, Hall T, Lee R (1961) The zinc
content of rat sperm cells from ejaculate, vas, epididymis
and testis. Proc Soc Exp Biol Med 108, 321-324.

17. Hall TA (1961) X-ray fluorescence analysis in
biology. Science 134, 449-455.

18. Rizkalla SN, Mackenzie AR, Hall T, Whitmore
WF (1962) Additive effects of dithizone and oxine on the
canine prostate. J Urol 88, 268-272.

19. Mackenzie AR, Hall T, Whitmore WF (1962)
Zinc content of expressed human prostatic fluid. Nature
193, 72-73.

20. Mackenzie AR, Hall T, Whitmore WF (1962)
The relation between the zinc content of the canine pros-
tate and the histologic effects of dithizone. J Urol 87,
923-929.

21. Hall TA (1963) Biology, X-ray fluorescence
analysis. In: Encyclopedia of X Rays and Gamma Rays
(Clark G, ed) Reinhold Publishers, New York, 96-98.

22. Hall TA (1963) Non-dispersive X-ray fluores-
cence spectrometry. In: Encyclopedia of X Rays and
Gamma Rays (Clark G, ed) Reinhold Publishers, New
York, 653-655.

23. Schrodt GR, Hall T, Whitmore WF (1964) The
concentration of zinc in diseased human prostate glands.
Cancer 17, 1555-1566.

24. Hall TA (1965) Foundation for ethics (review of
Erwin Schrodinger’s "My View of the World"). Cam-
bridge Review 86, 183-185.

25. Hale AJ, Hall TA, Curran RC (1966) Scanning
electron microprobe analysis of human arterial wall. In:
Optique des Rayons X et Microanalyse (Castaing R,
Deschamps P, PhilibertJ, eds) Hermann, Paris, 686-690.

26. Marshall DJ, Hall TA (1966) Scanning electron
microprobe analysis of thin films. In: Optique des
Rayons X et Microanalyse (Castaing R, Deschamps P,
Philibert J, eds) Hermann, Paris, 374-381.

27. Hall TA (1966) The microprobe analysis of zinc
in mammalian sperm cells. In: Optique des Rayons X et
Microanalyse (Castaing R, Deschamps P, Philibert J,
eds) Hermann, Paris, 679-684.

28. Hall TA (1966). Semiconductor detectors.
Science 153, 320.




B. L. Gupta

29. Hall TA, Hale AH, Switzur VR (1966) Some
applications of microprobe analysis in biology and medi-
cine. In: The Electron Microprobe (McKinley C,
Heinrich KFJ, Wittry DB, eds) John Wiley and Sons,
New York, 805-833.

30. Hale AJ, Hall T, Curran RC (1967) Electron
microprobe analysis of calcium, phosphorus and sulphur
in human arteries J Path Bacteriol 93, 1-17.

31. Hall TA (1967) Electron probe microanalysis.
Proc Assoc Clin Biochem 4, 137-139.

32. Hohling HJ, Hall TA, Fearnhead RW (1967)
Electron probe X-ray microanalysis als quantitative histo-
logische Methode zur Analyse von Vorstadien der alters-
bedingten Aorten-Mineralisierung (Electron probe X-ray
microanalysis as a quantitative histological method for
the analysis of the initial stages of age-related aorta
mineralization). Naturwissenschaften 54, 93.

33. Hohling HJ, Hall TA, Boothroyd B, Cooke CJ,
Duncumb P, Fitton-Jackson S (1967) Untersuchungen
der Vorstadien der Knochenbildung mit Hilfe der nor-
malen und electronenmikroskopischen Electron Probe X-
Ray Microanalysis (Investigation of the initial stages of
bone formation by normal and electron microscopic elec-
tron probe X-ray microanalysis). Naturwissenschaften
54, 142-143.

34. Hohling HJ, Hall TA, Boyde A (1967) Electron
probe X-ray microanalysis of mineralisation in rat incisor
perpheral dentine. Naturwissenschaften 54, 617-618.

35. Sims RT, Hall TA (1968) X-ray emission micro-
analysis of the density of hair proteins in kwashiorkor.
Brit J Dermat 80, 35-38.

36. Marshall DJ, Hall TA (1968) Electron-probe X-
ray microanalysis of thin films. Brit J Appl Phys 1,
1651-1656.

37. Hall TA (1968) Some aspects of the microprobe
analysis of biological specimens. In: Quantitative Elec-
tron Microprobe Analysis (Heinrich KFJ, ed) National
Bureau of Standards (USA) Special Technical Publication
298, 269-299.

38. Sims RT, Hall TA (1968) X-ray emission micro-
analysis of proteins and sulphur in rat plantar epidermis.
J Cell Sci 3, 563-572.

39. Hohling HJ, Hall TA, Boothroyd P, Fearnhead
RW, Fitton-Jakson S (1968) Electron probe studies of
percentages of apatite formation in bone and aorta.
Tissus Calcifies 323-328.

40. Hohling HJ, Hall TA, Boyde A, von Rosenstiel
AP (1968) Combined electron probe and electron diffrac-
tion analysis of prestages and early stages of dentine
formation in rat incisors. Calc Tissue Res 2, Supplement,
Paper S.

41. Hohling HJ, Hall TA, Mutschelknauss R, Niem
J (1969) Kombinierte Elektronenbeugungs-und "electron
probe X-ray microanalysis"- Untersuchungen an

374

Friihstadien der Zahnsteinbildung (Combined investiga-
tions by electron scattering and electron probe X-ray
microanalysis on initial stages of dental plaque forma-
tion). Z Naturforsch 24, 58-60.

42. Remagen W, Hohling HJ, Hall TA, Caesar R
(1969) Electron microscopical and microprobe observa-
tions on the cell sheath of stimulated osteocytes. Calc
Tissue Res 4, 60-68.

43. Hall TA, Hohling HJ (1969) The application of
microprobe analysis to biology. In: X-Ray Optics and
Microanalysis (Mollenstedt G, Gaukler KH, eds)
Springer-Verlag, Heidelberg, 582-591.

44. Hall TA, Werba PB (1969) The measurement of
total mass per unit area and elemental weight-fractions
along line scans in thin specimens. In: X-Ray Optics and
Microanalysis (Mollenstedt G, Gaukler KH, eds)
Springer-Verlag, Heidelberg 582-591.

45. Gardner DL, Hall TA (1969) Electron-micro-
probe analysis of sites of silver deposition in avian bone
stained by the v Kossa technique. J Path 98, 105-109.

46. Hohling HJ, Hall TA (1969) Elektronenstrahl-
mikroanalyse als quantitative histologische Methode
(electron beam microanalysis as a quantitative histo-
logical method). Naturwissenschaften 56, 622-629.

47. Podolsky RJ, Hall TA, Hatchett SL (1970) Iden-
tification of oxalate precipitates in striated muscle fibers.
J Cell Biol 44, 699-702.

48. Hohling HJ, Schopfer H, Hohling RA, Hall TA
(1970) The organic matrix of developing tibia and femur,
and macromolecular deliberations. Naturwissenschaften
57, 357.

49. Hall TA (1970) Review of "X-Ray Spectrochem-
ical Analysis" by LS Birks. Philosophical Magazine.

50. Hall TA, Werba P (1971) Quantitative micro-
probe analysis of thin specimens: Continuum method.
Proc 25th Anniv Meeting EMAG, Institute of Physics,
London and Bristol, 146-149.

51. Hall TA (1971) The microprobe assay of chemi-
cal elements. In: Physical Techniques in Biological
Research, 2nd edition, (Oster G, ed) Academic Press,
New York and London, Vol 1A, Chapter 3, 157-275.

52. Mitra SK, Hall TA (1971) A new network
scheme for pulse-height analysis applied to non-disper-
sive x-ray emission microanalysis. J Phys D 4, 748-752.

53. Hall TA (1970) The applicability of electron
probe X-ray microanalysis to trace element studies. In:
Trace Element Metabolism in Animals (Mills CF, ed),
E&S Livingstone, Edinburgh, 501-512.

54. Hall TA, Hohling HJ, Bonucci E (1971) Elec-
tron probe X-ray analysis of osmiophilic globules as pos-
sible sites of early mineralization in cartilage. Nature
231, 535-536.

55. Cosslett VE, Hall TA (1971) Electron micro-
probe analysis in biology and medicine. Experimentelle




Biographical Sketch of T.A. Hall

Technik der Physik (DDR) 19, 473-477.

56. Hall TA, Hohling HJ, von Rosenstiel AP (1971)
Zur Elektronenstrahlmikroanalyse diinner Filme des bio-
logischen Weichgewebes (Electron probe microanalysis
of thin films of biological soft tissue). 4. Kolloquium
iiber Mikroanalyse, Bremen, 125-156.

57. Hall TA (1972) X-ray microanalysis in biology:
Quantitation. Micron 3, 93-97.

58. Hall TA, Rockert HOE, Saunders RLdeH (eds.)
(1972) X-Ray Microscopy in Clinical and Experimental
Medicine. Charles C Thomas Publishers, Springfield, IL,
1-320.

59. Mitra SK, Hall TA (1972) Application of a net-
work method for non-dispersive electron probe X-ray
analysis of thin films. J Phys D §, 1502-1512.

60. Kriz W, Schnermann J, Hoéhling HJ, von
Rosenstiel AP, Hall TA (1972) Electron probe micro-
analysis of electrolytes in kidney cells. In: Recent
Advances in Renal Physiology (Wirz H, Spinelli F, eds)
Karger, Basel, 162-171.

61. Hall TA, Cosslett VE (1972) Some applications
of microprobe analysis in biology and medicine. Proc 6th
Intern Conf on X-Ray Optics and Microanalysis (Shinoda
G, ed) University of Tokyo Press, Tokyo, 809-817.

62. Nicholson WAP, Hall TA (1973) X-ray fluores-
cence microanalysis of thin biological specimens. J Phys
E 6, 781-784.

63. Hall TA, Anderson HC, Appleton TC (1973)
The use of thin specimens for X-ray microanalysis in
biology. J Microsc 99, 177-182.

64. Hall TA, Hohling HJ (1973) The electron
microprobe. In: Modern Techniques in Physiological
Sciences (Gross JF, Kaufmann R, Wetterer E, eds) Aca-
demic Press, London, 335-344.

65. Hohling HJ, Hall TA, Kriz W, von Rosenstiel
AP, Schnermann J, Zessack U (1973) Loss of mass in
biological specimens during electron-probe X-ray micro-
analysis. In: Modern Techniques in Physiological
Sciences. Gross JF, Kaufmann R, Wetterer E, eds)
Academic Press, London, 335-344.

66. Yarom R, Hall TA, Stein H, Robin CC, Makin
M (1973) Identification and localisation of intraarticular
colloidal gold: Ultrastructural and electron microprobe
examinations of human biopsies. Virchows Arch B 15,
11-22.

67. Moreton RB, Echlin P, Gupta BL, Hall TA,
Weis-Fogh T (1974) Preparation of frozen-hydrated tis-
sue sections for X-ray microanalysis in the scanning
microscope. Nature 247, 113-115.

68. Hall TA, Echlin P, Kaufmann R (eds.) (1974)
Microprobe Analysis as Applied to Cells and Tissues
(Proceedings of a conference held in Seattle, May 1973)
Academic Press, London, New York, 1-435.

69. Hall TA (1974) Introductory remarks of the con-

375

ference chairman. In: Microprobe Analysis as Applied to
Cells and Tissues (Hall TA, Echlin P, Kaufmann R,
eds), Academic Press, London, New York, xv-xix.

70. Hall TA, Gupta BL (1974) Measurement of
mass loss in biological specimens under an electron
microbeam. In: Microprobe Analysis as Applied to Cells
and Tissues (Hall TA, Echlin P, Kaufmann R, eds),
Academic Press, London, New York, 147-158.

71. Hall TA, Peters PD (1974) Quantitive analysis
of thin sections and the choice of standards. In: Micro-
probe Analysis as Applied to Cells and Tissues (Hall TA,
Echlin P, Kaufmann R, eds), Academic Press, London,
New York, 229-238.

72. Hall TA, Peters PD, Scripps MC (1974) Recent
microprobe studies with an EMMA-4 analytical micro-
scope. In: Microprobe Analysis as Applied to Cells and
Tissues (Hall TA, Echlin P, Kaufmann R, eds),
Academic Press, London, New York, 385-408.

73. Oschman JL, Hall TA, Peters, PD, Wall, BJ
(1974) Association of calcium with membranes of squid
giant axon. J Cell Biol 61, 156-165.

74. Hall TA, Gupta BL (1974) Beam-induced loss of
organic mass under electron-microprobe conditions. J
Microsc 100, 177-188.

75. Van Steveninck RFM, van Steveninck ME, Hall
TA, Peters, PD (1974) A chlorine-free embedding medi-
um for use in X-ray analytical electron microscope local-
isation of chloride in biological tissues. Histochemistry
38, 173-180.

76. Somlyo AP, Somlyo AV, Devine CE, Peters
PD, Hall TA (1974) Electron microscopy and electron
probe analysis of mitochondrial cation accumulation in
smooth muscle. J Cell Biol 61, 723-742.

77. Jessen H, Peters PD, Hall TA (1974) Sulphur in
different types of keratohyalin granules: A quantitative
assay by X-ray microanalysis. J Cell Sci 15, 359-377.

78. Van Steveninck RFM, van Steveninck ME, Hall
TA, Peters PD (1974) X-ray microanalysis and distribu-
tion of halides in Nitella translucens. Eighth Int Con-
gress on Electron Microsc, Canberra. Volume II, 602-
603.

79. Yarom R, Peters PD, Hall TA, Kedem J, Rogel
S (1974) Studies with EMMA-4 on changes in the intra-
cellular concentration and distribution of calcium in heart
muscle of the dog in different steady states. Micron 5,
11-20.

80. Hall TA (1974) The electron-probe X-ray micro-
analysis of thin specimens. In: Advances in Analysis of
Microstructural Features by Electron-Beam Techniques,
Proc Meeting Metals Society and Inst of Physics, The
Metals Society, London, 14-15.

81. Yarom R, Peters PD, Hall TA (1974) Effect of
glutaraldehyde and urea embedding on intracellular ionic
elements. J Ultrastruct Res 49, 405-418.




B. L. Gupta

82. Yarom R, Hall TA, Peters PD (1975) Calcium
in myonuclei: Electron probe X-ray analysis. Experientia
31, 154-157.

83. Yarom R, Stein H, Peters PD, Slavin S, Hall
TA (1975) Nephrotoxic effect of parental and intra-arti-
cular gold. Arch Pathol 99, 36-43.

84. Hall TA, Cosslett VE (1975) Electron-probe X-
ray microanalysis of biological specimens. Vortrige der
III Arbeitstagung "Microsonde”, Physikalische
Gesellschaft der DDR, Berlin. 15-22.

85. Hall TA (1975) The applicability of microprobe
analysis to calcium studies. In: Calcium Transport in
Contraction and Secretion (Carafoli E, Clementi F,
Drabikowski W, Margreth A, eds) North Holland,
Amsterdam, 9-18.

86. Routledge LM, Amos WB, Gupta BL, Hall TA,
Weis-Fogh T (1975) Microprobe measurements of cal-
cium binding in the contractile spasmoneme of a
vorticellid. J Cell Sci 19, 195-201.

87. Hall TA (1975) Instrumental configurations. J
Microsc Biol Cell 22, 163-168.

88. Hall TA (1975) Methods of quantitative analysis.
J Microsc Biol Cell 22, 271-282.

89. Yarom R, Maunder C, Scripps M, Hall TA,
Dubowitz V (1975) A simplified method of specimen
preparation for X-ray microanalysis of muscle and blood
cells. Histochemistry 45, 49-59.

90. Yarom R, Maunder CA, Scripps M, Hall TA,
Dubowitz V (1975) X-ray microanalysis of mast cells in
rat’s muscle. Experientia 31, 1339-1340.

91. Yarom R, Peters PD, Hall TA (1975) Micro-
analysis of zinc in injured myocardia. Proc Tenth Annual
Conf Microprobe Analysis Society, Las Vegas, 46 A-C.

92. Yarom R, Stein H, Dormann A, Peters PD, Hall
TA (1976) Aurothiomalate as an ultrastructural marker.
Electron microscopy and X-ray microanalysis of various
tissues after in vivo gold injections. J Histochem Cyto-
chem 24, 453-462.

93. Van Steveninck RFM, Ballment B, Peters PD,
Hall TA (1976) Ultrastructural localisation of ions. II. X-
ray analytical verification of silver precipitation products
and distribution of chloride in mesophyll cells of barley
seedlings. Austral J Plant Physiol 3, 359-365.

94. Van Steveninck RFM, Armstrong WD, Peters
PD, Hall TA (1976) Ultrastructural localisation of ions.
III. Distribution of chloride in mesophyll cells of
mangrove (Aeiceras corniculatum Blanco). Austral J
Plant Physiol 3, 367-376.

95. Gupta BL, Hall TA, Moreton RB, Maddrell
SHP (1976) Electron microprobe X-ray analysis of Na,
K and Cl in fluid secreting epithelia of insects. J Cell
Biol 70, 176a.

96. Yarom R, Behar AH, Yanko L, Hall TA, Peters
PD (1976) Gold tracer studies of muscle regeneration. J

376

Neuropath Exptl Neurol 35, 445-457.

97. Maunder CA, Dubowitz V, Hall TA, Yarom R
(1976) X-ray microanalysis of human muscle biopsies.
Proc 6th European Congress on Electron Microscopy,
Biological Sciences, Jerusalem, Ben-Shaul Y (ed.) Tal
Intern Publ Co, Vol II, 229-231.

98. Yarom R, Peters PD, Hall TA (1976) Prepara-
tion of tissues and cells for X-ray micoranalysis. Proc
6th European Congress on Electron Microscopy,
Jerusalem, 1976, Vol II, Biological Sciences. Ben-Shaul |
Y (ed.) Tal Intern Publ Co, 232-234.

99. Jessen H, Peters PD, Hall TA (1976) Sulphur in
epidermal keratohyalin granules: quantitative assay by X-
ray microanalysis. J Cell Sci 22, 161-171.

100. Sohal RS, Peters PD, Hall TA (1976) Fine
structure and X-ray microanalysis of mineralized concre-
tions in the Malpighian tubules of the housefly Musca
domestica. Tissue & Cell 8, 447-458.

101. Hall TA (1976) Microanalysis for biological
research. Proc Royal Micr Soc 11, 29.

102. Gupta BL, Hall TA, Maddrell SHP, Moreton
RB (1976) Distribution of ions in a fluid-transporting
epithelium determined by electron-probe X-ray micro-
analysis. Nature 264, 284-287.

103. Stein H, Yarom R, Robin GC, Peters PD, Hall
TA, Makin M (1976) Spread of gold injected into the
joints of healthy rabbits. J Bone Joint Surgery 58-B, 496-
503.

104. Peters PD, Yarom R, Dormann A, Hall T
(1976) X-ray microanalysis of intracellular zinc: EMMA-
4 examinations of normal and injured myocardium. J
Ultrastruct Res 57, 121-131.

105. Yarom R, Hall TA, Polliack A (1976) Elec-
tron-microscopic X-ray microanalysis of normal and
injured muscle and myocardium. J Ultrastruct Res 57,
121-131.

106. Van Steveninck RFM, van Steveninck ME,
Peters PD, Hall TA (1976) Ultrastructural localizations
of ions IV. Localization of chloride and bromide in
Nitella translucens and X-ray energy spectroscopy of
silver precipitation products. J Exp Bot 27, 87-102.

107. Berridge MJ, Gupta BL, Hall TA, Maddrell
SHP, Moreton RB, Wall BJ (1977) Electron microprobe
studies of electrolyte distribution in fluid transporting
epithelia. J Physiol 266, 32-33P. |

108. Hall TA, Gupta BL, Moreton RB (1977) Elec-
tron probe microanalysis. Trends Biochem Sci 2, N39-
N40.

109. Sohal RS, Peters PD, Hall TA (1977) Origin,
structure, composition and age-dependence of miner-
alized dense bodies (concretions) in the midgut epithe-
lium of the adult housefly, Musca domestica. Tissue &
Cell 9, 87-102.

110. Yarom R, Wisenberg E, Peters PD, Hall TA




Biographical Sketch of T.A. Hall

(1977) Zinc distribution in injured myocardium.
Virchows Arch B Cell Path 23, 65-77.

111. Gupta BL, Hall TA, Wall BJ, Moreton RB
(1977) Electrolyte concentrations in narrow extracellular
channels within rectal papillae of Calliphora measured by
electron microprobe. Proc Int Union of Physiological
Sciences, Com Natl Franc Sci Physiol, Paris, 13, 292.

112. Gupta BL, Hall TA, Berridge MJ, Moreton
RM (1977) Microprobe studies of the ionic mechanism
of isotonic secretion stimulated by 5-HT in the salivary
glands of Calliphora. Proc Int Union Physiol Sci, Com
Natl Franc Sci Physiol, Paris, 13, 292.

113. Hall TA (1977) Electron-probe X-ray micro-
analysis: Introduction. Proc Int Union Physiol Sci, Com
Natl Franc Sci Physiol, Paris, 12, 141.

114. Gupta BL, Hall TA, Moreton RB (1977) Elec-
tron microprobe X-ray analysis of electrolytes in situ.
Proc Int Union Physiol Sci, Com Natl Franc Sci Physiol,
Paris, 12, 140.

115. Gupta BL, Hall TA, Moreton RB (1977) Some
aspects of the microanalysis of frozen-hydrated tissue
sections. Proc 12th Annual Conf Microbeam Analysis
Society, Boston, 162A-162C.

116. Hall TA (1977) Reduction of background due
to back-scattered electrons in energy-dispersive X-ray
microanalysis. J Microsc 110, 103-106.

117. Gupta BL, Hall TA, Moreton RB (1977) Elec-
tron probe X-ray microanalysis. In: Transport of lons
and Water in Animals (Gupta BL, Moreton RB,
Oschman JL, Wall BJ, eds) Academic Press, London,
83-143

118. Gupta BL, Berridge MJ, Hall TA, Moreton RB
(1978) Electron microprobe and ion-selective microelec-
trode studies of fluid secretion in the salivary glands of
Calliphora. J. Exp. Biol. 72, 261-284.

119. Normann TC, Hall TA (1978) Calcium and sul-
phur in neurosecretory granules and calcium in mito-
chondria as determined by electon microscope X-ray
microanalysis. Cell Tiss Res 186, 453-463.

120. Gupta BL, Hall TA, Naftalin RJ (1978)
Microprobe measurements of Na, K and ClI concentration
profiles in epithelial cells and intercellular spaces of
rabbit ileum. Nature 272, 70-73.

121. Gupta BL, Hall TA (1978) Electron microprobe
X-ray analysis of calcium. In: Calcium Transport and
Cell Function (Scarpa A, Carafoli E, eds). Ann NY
Acad Sci 307, 28-51.

122. Gupta BL, Hall TA, Moreton RB (1978) The
X-ray microanalysis of frozen-hydrated sections. In:
Microprobe Analysis in Biology and Medicine (Echlin P,
Kaufmann R, eds) Microscopica Acta Suppl 2, 46-63.

123. Jones RT, Johnson RT, Gupta BL, Hall TA
(1979) The quantitative measurement of electrolyte ele-
ments in nuclei of maturing erythrocytes of chick embryo

3717

using electron-probe X-ray microanalysis. J Cell Sci 35,
67-85.

124. Hall TA (1979) Correlation of morphology
with chemical compostion. Review of "Electron Probe
Microanalysis in Biology"” edited by DA Erasmus.
Nature 277, 416.

125. Gupta BL, Hall TA (1979) Quantitative elec-
tron probe X-ray microanalysis of electrolyte elements
within epithelial tissue compartments. Fed Proc (Fed Am
Soc Exp Biol) 38, 144-153.

126. Hall TA, Gupta BL (1979) EDS quantitation
and application to biology. In: Introduction to Analytical
Electron Microscopy, Hren J, Goldstein JI, Joy DC
(eds.), Plenum Press, New York, 169-197.

127. Hall TA (1979) Biological X-ray micoranalysis.
J Microsc 117, 145-163.

128. Tu JC, Malhortra SK, Gupta BL, Hall TA
(1979) Cyclic AMP induced distribution of calcium in
Phycomyces. Microbios Lett 8, 103-112.

129. Hall TA (1979) Problems of the continuum-
normalization method for the quantitative analysis of
sections of soft tissue. In: Microbeam Analysis in Biology
(Lechene CP, Warner RR, eds) Academic Press, New
York, London, 185-203.

130. Forer A, Gupta BL, Hall TA (1980) Some as-
pects of the microanalysis of calcium and other elements
in meiotic spindles, in frozen section of spermatocytes
from crane fly testes. Exp Cell Res 126, 217-226.

131. Gupta BL, Hall TA, Moreton RB (1980) Some
aspects of the microanalysis of frozen-hydrated tissue
sections. In: X-ray Optics and Microanalysis (Beaman
DR, Ogilvie RE, Wittry DB, eds) Pendell Publishing
Company, Midland, MI, 446-452.

132. Yarom R, Shapira Y, Hall TA, Robin GC
(1980) Electron microprobe analysis of muscles from
patients with scoliosis. Micron 11, 147-152.

133. Civan MM, Hall TA, Gupta BL (1980) Micro-
probe study of toad urinary bladder in absence of serosal
K™*. J Membr Biol 55, 187-202.

134. Gupta BL, Wall BJ, Oschman JL, Hall TA
(1980) Direct microprobe evidence of local concentration
gradients and recycling of electrolytes during fluid
absorption in the rectal papillae of Calliphora.J exp Biol
88, 21-47.

135. Hall TA (1980) The quantitative X-ray micro-
analysis of biological tissues in the normal state. Ultrami-
croscopy 8, 364-365.

136. Barnard T, Hall TA, Gupta BL (1980) An X-
ray microanalytical study of calcium compartmentaliza-
tion in Calliphora salivary glands. Proc Second Intern
Congress Cell Biol, 1980, Berlin (West Germany).

137. Barnard T, Gupta BL, Hall TA (1980) Some
effects of high-molecular weight cryoprotectants on fluid
secretion in Calliphora salivary glands. J Ultrastruct Res




B. L. Gupta

73, 92.

138. Gupta BL, Hall TA (1981) Ions and water in
cells and tissues studied by microprobe analysis of
frozen-hydrated sections in the SEM. 39th Ann Proc
EMSA (Bailey GW, ed) Atlanta, GA 654-657.

140. Lubbock R, Gupta BL, Hall TA (1981) Novel
role of calcium in exocytosis: mechanism of nematocyst
discharge as shown by X-ray microanalysis. Proc Natl
Acad Sci USA 78, 3624-3628.

141. Dow JAT, Gupta BL, Hall TA (1981) Micro-
probe analysis of Na, K, CI, P, S, Ca, Mg and H,O in
frozen-hydrated sections of anterior caeca of the locust,
Schistocerca gregaria. J Insect Physiol 27, 629-639.

142. Hall TA, Gupta BL (1981) Some results of
microprobe analysis in the study of epithelial transport.
In: Microprobe Analysis of Biological Systems
(Hutchinson TE, Somlyo AP, eds) Academic Press, New
York, 3-20.

143. Hall TA (1981) Summation (comments at close
of conference). In: Microprobe Analysis of Biological
Systems (Hutchinson TE, Somlyo AP, eds) Academic
Press, New York, 423-424.

144. Gupta BL, Hall TA (1981) The X-ray micro-
analysis of frozen-hydrated sections in scanning electron
microscopy: an evaluation. Tissue & Cell 13, 623-643.

145. Hall TA (1981) (Correspondence.) Proc Royal
Microsc Soc 16, 355.

146. Gupta BL, Hall TA (1982) Electron probe X-
ray microanalysis. Publication P128 in: Techniques in
Cellular Physiology (Baker PF, ed) Elsevier/ North-
Holland, Amsterdam, 1-52.

147. Hall TA, Gupta BL (1982) Quantification for
the X-ray microanalysis of cryosections. J Microsc 126,
333-345.

148. Hall TA, Gupta BL (1982) The imaging prob-
lem in the X-ray microanalysis of matrix-free extracel-
lular spaces in frozen-hydrated tissue sections. 40th Ann
Proc EMSA (Bailey GW, ed) 394-397.

149. Gupta BL, Hall TA (1983) Ionic distributionin
dopamine-stimulated NaCl fluid-secreting cockroach
salivary glands. Am J Physiol 244, R176-R186.

150. Hall TA, Gupta BL (1983) The localization and
assay of chemical elements by microprobe methods.
Quart Rev Biophys 16, 279-339.

151. Dow JAT, Gupta BL, Hall TA, Harvey WR
(1984) X-ray microanalysis of elements in frozen-
hydrated sections of an electrogenic K* transport
system: the posterior midgut of tobacco hornworm
(Manduca sexta) in vivo and in vitro. J Membrane Biol
77, 223-241.

152. Gupta BL, Hall TA (1984) X-ray microanalysis
of frozen-hydrated cryosections: problems and results.
Proc 8th Eur Congress Electron Microsc (Csanady A,
Rohlich P, Szabo D, eds), Budapest, Vol 3, Life Sci II,

378

1665-1675.

153. Hall TA, Gupta BL (1984) The application of
EDXS to the biological sciences. J Microsc 136, 193-
208.

154. Gupta BL, Hall TA (1984) Role of high con-
centrations of Ca, Cu and Zn in the maturation and dis-
charge in situ of sea anemome nematocysts as shown by
X-ray microanalysis of cryosections. In: Toxins, Drugs,
and Pollutants in Marine Animals (Bolis C, Zadunaisky
J, Giles R, eds) Springer-Verlag, Berlin, 77-95.

155. Barnard T, Gupta BL, Hall TA (1984) Effects
of the high-molecular-weight cryoprotectant dextran on
fluid secretion by Calliphora salivary glands. Cryo-
biology 21, 559-569.

156. Hall TA (1985) 10th International Congress
on X-ray Optics and Microanalysis (a book review).
Scanning 7, 54.

157. Gupta BL, Dow JAT, Hall TA, Harvey WR
(1985) Electron probe X-ray microanalysis of the effects
of Bacillus thuringiensis var kurstaki crystal protein
insecticide on ions in an electrogenic K™ -transporting
epithelium of the larval midgut in the lepidopteran,
Manduca sexta, in vitro. J Cell Sci 74, 137-152.

158. Hall TA (1986) Properties of frozen sections
relevant to quantitative microanalysis. J Microsc 141,
319-328.

159. Hall TA, Gupta BL (1986) EDS quantitation
and application to biology. In: Principles of Analytical
Electron Microscopy (Joy DC, Romig Jr AD, Goldstein
JI, eds) Plenum Press, New York, 219-248.

160. Hall TA (1986) X-ray Microanalysis in
Electron Microscopy for Biologists (a book review). J
Microsc 143, 121.

161. Hall TA (1986) Capabilities and limitations of
microprobe methods in biology. In: Microbeam Analysis-
1986 (Romig Jr AD, Chambers WF, eds) San Francisco
Press, San Francisco, 169.

162. Hall TA (1986) The history and current status
of biological electron-probe X-ray microanalysis. Micron
Microsc Acta 17, 91-100.

163. Hall TA (1988) Capabilities and limitations of
probe methods for the microanalysis of chemical ele-
ments in biology: a brief introduction. Ultramicroscopy
24, 181-184.

164. Hall TA (1989) The history of electron probe
microanalysis in biology. In: Progress of Electron Probe
Microanalysis in Biology and Medicine (Hagler H,
Zierold K, eds) Springer Verlag, Berlin, 1-15.

165. Hall TA (1989) Quantitative electron probe X-
ray microanalysis in biology. Scanning Microsc 3, 461-
466.

166. Hall TA (1991) Suggestions for the quantitative
X-ray microanalysis of thin sections of frozen-dried and
embedded biological tissues. J Microsc, in press.




	Theodore Alvin Hall: A Biographical Sketch and Personal Appreciation
	Recommended Citation

	tmp.1610739680.pdf.pvV_e

