





-




Ebol

b;

b i % ;

]AME% E RANDALL BSE.E MS., PhD

Associale Pro;e ssor of Physiology and Bwphys:cs

‘ : Department of Physiology and Pharmacology - ' ||
iy University of Missouri Medical Center -
. v 2 \-«
T\ 1
Fihs ) Vs,
1 2 g R .
. Lo &
N “ \ A ; !
e ! \
% AT ! P i,
THE YEAR BOOK PUBLISHERS o ING e
200 EA:T II.LINOIS STREET - C‘{ICAGO i ;
A Ay . i g



-+ COPYRIGHT 1958 BY THE YEAR BCOK PUBLISHERS, INC.
: : .«.‘ . ",‘
; TR ri
! #
o
=X ;
L 3
A % - ‘
] ~
i byt : 0
P N :
v ; A
' : v
: - Al
¥ Y, .
: _ PRINTED IN U.S.A.
. - " Y
5 X »



.~ Preface T

.

!

A UNIVERSALLY AGCEPTABLL DEFINITION of biophysics appears to be
an impossibility at this writing. Of course in its broadest sense the
term, signifies the union of the physical and the Tife sciences, but
such a generalization carries. little c]anfylng mformdtlon It is
important for the reader of this hook to understand that this text
was not undértaken in an attempt to define what should be con:
sidered as biophysics, but rather as an effort to present to the
student of’ biology' and medicine the physical and quan:titative A
coneepts of hasic importance to these fitlds. _
If the current literature and research activities. can be taken as
an index, thiss truly an era in which physical concepts,‘play a
- fundamental role in biological and medical experimentation and
comprehensioﬁ It is the thought of many that physical ideas
oriented in biologxcal situations deserve more!attention in the
b:ologzsts trammg Such -physical mechanisms -and physical
properties are of importance at all levels of biological function.
It is very probable that the full understandmg of some of the
maost mtcnestmg ‘bialogical mechanisms-<as, for example,‘ the
-specificity of hérmone ‘and antigen-antibody reactions—can only
be undnmwnt,w mnndcring Both the chemical and the physical
actions operatmg at the molecular leve]. However, for'didactic
reasons, 1 have chpsen the illustrations for the concepts presanted
. herein from the systems level of biology because actions at this’
' level'are more easxly‘ penexved by the student. The. concepts are

e .



6 - el ELEMENYS OF BIOPHYSICS
introduced within a suficiently broad 'framework that they can be
apphfd in niost cages, o biology generally.

In giving this material

this text will pmwde for thestudent a siepping stone between his -
undergraduate physus and the \surrent physu:al mtere,st in biology
and medicine.’ :

*_This text has deveioped from a: 32 lecture course in blophymcs
given by the author at the University of Missouri Medical Center.
The students in the courge consist of the members.of the freshman
,medxcal class'and graduate students from' the bxologlcal sciences,
ail of whom have had one year of college physzcs and at least

. ‘algebra. The first four chapters of the book, introduce: certain -

aspects of the quantitation process whzch are important in current

. medical thinking but which are not usually experienced in
- student’s background. This section begins by pointing out the in-
' herent simplicity of quantitation which results from defining all

physical quantities in terms of mass, length, and time. Also sev-
eral mathematical opem ns upon quantities are illustrated

in physmiogmal rerrps, 'including integrationm, d'ffercmmubr\,\

exPon“nual rate phmornmas and frequency analysis: The' fma-
tures of measurernents and dnstrumentation, the practical means
of ubmmvng quantities, are includeds with stress' on: the limita-
rions imposed by bmlorf'cal material. The chapter on statistics.
summarizes mariy of the basic ideas which must be understood in
order to quantitate and assess the significance of magmtudec
whm’a are subject to the variabilities so characteristic of bzologv

- Chapters 5+10 2r¢ concerned with creating an jategrated pic-
ture of the forces and energies associated with masses; electric’
charges, ‘and electromzgnetism. The illustrations stress the
broader. aspect of - these concepts, with the thought that deeper
meaning will be obtained by the student in courses that are inte-
grated with respect to organisms rather than’ with respect to
physxcal _1gi:eas. : :

with breadth it has been ncceasary to: .
limit the (often frightening ugorously quantltatwe and Ana]ytb
“cal contributions that monhysxcs can make. But it is hoped that
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Ihe nuclear radiations are uuhzcd by this gener ~mon of scien-

tists ‘and clinicians as vital research tools and as modalities for

‘applying energy; and so, in the balance of the book, the important
aspects of nuclear Ltwrgv are aehned and illustrated for the
biologist. = : )

In a text.which is pnmauly con ce’rmd w}tb*' the preSentatiOn
and orgamzatxon of basic concepts, as this book is, it is difficult
. for the author to give proper credit to the source of much of the

material, for, in reality, the book'is a reflection of his entire edu- -
cation process. I would therefme fike to' acknowledge the anony-
mous educacors and authors who have contribured to this text by’
their skill in teaching. At the same - tnme, I wish' to assume the
responsxbxhty for any errors which may be contained herein.

-Fortunately, there are a number of persony whose contributions

Ican acknowledgﬂ in aless vague fashlon. Professor B. A. West:
fall'was most encouragmg in the manner in which he supplied the
' facilities and the time of his departent. Frofessor’ Dallas.K'
"Meyer was very helpful during the time in wh)ch the local bio- - -
' physxcs course was ‘being organized. I am. indebted to Professor
Sir Ronald A. Flsher. of Cambridge, to Dr. Frank Yates, of
Rothamsted, and to Messts. Ohvex & Bovd, Ltd., of Edinburgh,
for permission to reprint Tables 4.2, 4.3,.and 4.7 from Statistical
Tables for Biological, ‘Agricultural, (md Medical Research’ (1949)..
The ‘manuscript typing has been capably handled, at vatious
"phases of the project, by Loretta Petrich, Delores . Koftan, and -
- Delares Crockett. Edward Jackson and’ Ernest Milés have' pre-
pared t.he illustrations; with obvious skill. Alsc, the author’s ‘wife,
. Barbara, has been of great asmtauce in the pxeparatlon of the
manuscnpt e
~ i e T SR JAMES E. RANDALL‘
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CHAPTER 1

i

Quantitation'

FUNDAMENTAL PHYSICAL QUANTITIES
ONE OF THE BASIC TENETS of scientific endeavor is that of placing
the observations, the laws, and the theories upon an exact and an’

objective basis. In the past an individual area of scierce has. . -

initially gone through a descriptive phase; and then, as the science -
progressed, information regarding it became more quanmatwe
Physics is an outstanding example with such a history. It is be:
lieved. by many that biology has passed through its. descriptive
era and that the era of quantitative biology is: begmnmg
The process of quantitation may consist of simply coynting a
number of individuals or units. An. outstandmg example of the
success 'of such a sxmple quantitation in biology is the classic.
“Mendehan genetics, in. which the essential quantitation is the
counting of phenotypes. A formal science has been derived from
such quantitation, and it provides us with laws and. théories by °
which we can predict the heredifary transmission of phenotypes.
Much material wEich is to be quantitated must be handled by
comparxson with some accepted standard In biology this accepted
standard is often a rather arbitrary and descri iptive ane, such as
the dose of an agent needed to produce a given biological effect.
This process, known as bio-assay, is the only known means by
which -many pharmaceuucal agents can be quanntatwely deter--
minéd. ‘For example, each ‘manufactured batch of digitalis,
ouabain, insulin, acetylcholine, and of. many other drugs must

13 s
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be assayed in regard to its .concentration by injecting a given
dilution into some patticular animal species and then observing
the effects on blood sugar or bleod ‘.preséure, or even on survival
of the animal. In the case of digitalis, the dosage is calculated in
terms of the amount of the substance which will, upon injection,
kill 509, of the cats inte which it is injected. Of course such pro-
cedures are inherently inaccurate; but until 'a more sensitive
Physiéal or chemical procedure has been deteérmined, these meth-
ods will have to suffice. : ] [ ‘

A

In the case of physics the basic quantitative ‘concepts have

more rigorous, definitions. It is-not the pyrpose here to define
these in the rigorous form used by professional physicists; but 1t
“should be pointed out how arbitrary the standards are and also
how' fundamental the three physical c'Iuantities)of mass, length,
and time are. These three quantitics are fundamental because so
wmany othgr quantities are defined in terms of mass, length,'énd
‘time. In reality, the bulk of all material in- this text, and in all,
- sciences which have material things as their basis; can in one form
or another be defined\in terms of these quantities. ;
~ The standard of length has been arbitrarily chosen as the dis-
~tance between two lines on a metal bar in Paris. Quanti\t.,ation of
distances is nothing more than a process of ‘cornparing the dis-
tances with the 1 meter distancé on this standard. In a similar’
manner, the-standard of mass is the mass of a metal cylinder in
Paris. Quantitation of -masses is a process of comparing these

masses with the standard 1 kilogram maés; 'T‘he standard of time .

_has been taken from our solar system, and the second is a given .

“fraction of 2 mean solar day. ~ * il i e
It is. the function of the National Bureau of Standards to main-’.

 tain an accurate replica of these standards. Naturally, these funda-
mental standards are used only for the most important and pre-

ards to the National Bureau of Standards in Washington for
calibration against the Bureau’s more exact standards.

In summary: the process of quantitation involves a magnitude,

‘@
=5 i
i

cise calibration purposes. It is possible to send laboratory stand- ©
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which is snnply the number of trmes some standard must be
utilized. ' ) y . feg e ,
/- 'DERIVED QUANTITIES '

Of the great multltude of physical’ quantmes which are derived

S from these fundamentai mass, length, and time quantmes, bnly o
. a few of ‘the ‘ones which are more commonly used will be men- '’
- tioned: velocity, acceleration, force, and pressure. ‘While. their

actual’ mechanical nature will be,left to later sections on me-
chanics, these denved quantities are introduced! at this poirnit to
allow the studentto appreciate howreally unified our scientific
concepts are when expressed in terms of the fundamental physical
quantities. The appreciation of this ‘unification and integration
of concepts is a large step, toward the understandlng of all physx- L
cal scientific endeavor. ' :
1. ‘Veloczty is a derived quanuty mvolvmg distance per unit of

« time, or' by defipition it is the rate of change of position. For our

- force of thé earth upon--a-l.

. purposes. the cm/sec is a convenient unit of velocity,

2. Acceleration’is a derived quantlty m‘volvmg rate of, change
of velocity, by definitiony Ther e?sis a convenient unit for
this quantity.. / [ ;

3. Force is a derlved’ quanmy whhdl‘as defined as an agent

capable of accelerating a mass Quan' ';an‘i/ely the convenient unit

_for force is the dyne, which,:xs ith 2 for‘ xi-!qmred to g1ve @ mass of

3

cm/séct. }Tbﬁ gravitational attractlve
gm\m_éssijs such. as to cause it to

1 gram an acceleratlon q:f

v'accelerate at about 980 cm/sec?. Thus the attractwe force upon

- the 1 gm mass is about 980 dynes.

4. Pressure is a-derived quantity which is deﬁned as the force
per unit area: The unit may be expressed as dynes/cm” In biol

‘ogy and medicine-the more coramon .unit of pressure is thc\neighr‘

of.2 colutnn of mercury which-the pressure will support against

~ the earth’s attractive force ypon, the mass of the mercury. Sirce
pressure s such'a common clinical quantity, it is of interest to
. clarify this particular unit of pressure quantitation, ’

P 3 ¥ -
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In the mercury mammeter @ pressure-measurmg device) thP;
pressure to be measured exerts a force upon a tube of mercury.,
The tube' of mercury has mass (its volume times its density).
which is responsible for a gravitational attractive force between -
it and the earth. The column of mercury-in ‘the tube will adjust
its he:ght until the attractive force due to its-mass just equals. the

- force due to. the pressure bemg measured. )

A
A Ld

vauatmnax -~ *Masg of ’ % Acceleratnon mass'would show|
attraction ~ -~ Hg " - 'due to gravxtatxonal force
! :
> _ Tupe Hg Hg ; B

area ><. helgh& e 58 denslty >< 980 on/ o

: Upon tlansposmg the tube. cross-secuonal area ‘term to the left.
sxde of this equauon, :

.

.

Pressure > s = ) . .

2 Force upon Hg . Hg Hg * « . Sk
ﬁfé:ﬁ,md = TTube area S & height i density X . 980 cmy/sec?
SR o o (Varies with (Constant) el

! PrUBSUTE) _ :

This equation indicates that the measured pressure will be direct-
ly proportional to the he1ght of the mercury column in the
manometer, the density of the mercury, and the gravitational.
-acceleration of 980 cm/sec?. It should be emphasized that the/
~pressureé is mdependent of the cross-sectronal area of the manom-
eter tube. This fact is sometimes hard to apprecxate ‘when_one
sees a small experimental animal, such as a, rat, ‘having the same
" blood pressure as a large man. Since mercury has an-unusually
- high density, ‘it is the manomete-ir fluid of choice for high pres:
sures, 'such ag are encountered in the arterial side of the circula-

- toty system. Im the case of lower presstres as in the venous sys-- |
tem or the cerebral 5p1nal fluid, it is somet1me° more convenient
-to express pressure in units of centimeters of water. :

7It should be re-empha51zed that the foregoing physmal quanti- - .

_ties and essentially all othg classic physical quantities can. be
derived from the fundamental mass, length, and time quantities:

-




