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L CEALTH PEYSICS

1.0 losrofuctios

Eealth

snysicise 4s a persca evgazed

-

rhy

stca is 4 profession devotel to tle srotection of =an
and his exironsmernt fre= crserranted rallatioc exposure. 7he health
1= the study cf protlens aad practices

of piovidins radiatios protection; he is coacerned with ac upnder-

standing of the =echaniszs of ractation da=age, ‘rith the develcp=ent

4 iopleceazative of zethods azd nrocedures necessary to evaluate

ra’iaticn Sazards and vith providis: protection to 3an asd his
envirinseat from umvasted radlaticm exposure.

Putzizg the above f¢

the ajplied Uealth Plysicist is concerned with aze cr core cf the
follovins aspects of racdiaticn protection.

i

The followinz notes are interded to be

-

-

0~ OV B W N
by . ' e

9.
10.
11.
12.
13.
14,
15.
15,
17.
18.
19,

Perscnnel monitoring
fadiatioz control
Coztazizatioa ceantrol
Eloassay
Cavecoc=ercal radicactivicy levels
Trsasporzation of radicactive material
"aste disposal
Cse cf radiation procducing zachizes
Shielding
Laboratery desiga
Experizent design
Josinacry
Iastru=eatation
Decoczta=inatio=
Protective eguipoeat aand clothbing
E=ergency plaaning
tolosical effects of radiation
ventilation control
Calidratica of instruzents

the progras—ed iastruction Yook Radiation a3

~

Morgan and J. L.

demonstrations and filcs will be used to supplesent the
=;ortant techniques. Shieldinz and basic atomic and

5. E. Cuaninghe=, the text Principles of Taciat

P

and dezounstrate

nuclear physics are

r=al defiaition ia mwre practical ter=s,

used in coajuncticn with
tzoriang by J. E. 'iade and
{ca Protection by K. Z.

Turmer, the series of National 3ureau of Stamdards
llasdhooks, and the Radiological lealth Handbook. Laboratory

be oaly briefly centiosed in this section.

1.1 The Atom

The atoa is the basic building block of matter.
of a central nuc

tonforration

covered in other sections of this mangual and will

It consists

leus around which electrons revolve in orbits. The

aucleus is cocposed of protons and peutrons. The protem has a
? protons SR
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positive crarpe nmerically egual to the clarge == ore electron
(1.6 = 107-% coulosis), and a =ass of 1.977553 azozic =ass unics

W1l &= = 155270 x5 1973 sra=s). The oeutroz is tlectrically
“eutral acd has a =ass of 1.009982 as=y. The eleczren has a
S€gative :iirse and & =ass of 0.777%9 amu. The Tocleus s
Extresel;  s=all az? very dense (l.e., 2 sphere w- -~ the di=ensiczns
°f a3 orsiiaary =isile asd the sade ceasity as the =uzleus would
vel3dh wouays 40,070,793 toas). The eroic of the elsctron is very
Large co-rasred to tre size of the nucleus sc thaz =4e volume of
the atom 15 zostly eZpLly space.

ik | MOo.icrules

Zisltules

qe. =z les are the s=allest divisions of =222er wich the
S&T€ cheii.za) and phvsiecal characteristics. licle-_les 2ay be
CI=P08es il cae OF oore atoms. An ele~ezt comtaizs caly atoms

“iLh the ga-e¢ chemicsl priperties e.g., ires, leaz, silicom,
Cxysed, “svirizes.  Melecules are usually designaces %y chenical
Sy=ocls .tk susscrisets to desizaate the cumder c¢f atoms of each
elezent jeg- solecule.
f:0 - vater oolecule ce=posed of 2 hydroges z~é 1 cxygsen atoms
#<Ll = salt =olecule composed of 1 sodium a-c: ] chlorice aton

Cal?_, = caletus carbonate composed of ) cal:z=, 1 carbes, and
3 cxvren ato-s

02 - coxyrea woleculg cozposed of 2 atoms of sxyvgen

e =. neon solecule composed of 1 atoo of gecs

1.3 S0tTones

The  ~ass of the electroa_say be nezlected arc the nass of aa
4iiT estir.ited in atozic =ass units as si=ply the *.= of the nu=ter
OL Protons ol meutroms. The 2ass nucter of the a:to= 1s dest nated
by Eisv T S 44 Y p_r " Iy
¥ 8 LUpulrosript added to the left of the elezent an=del, {.e., Te

{or a SUdLirecrize to the right as 18 clder usage, F2''), The aorzal
atus Las a corresconding ordital electrom for every »rotens in the
nucleus sc  *he gat e1e::rlcql_shizgg_ég_ig;o. The zhemtcal
preperties ¢ an sto= or solecule are deter=ized ¥ he nusber of
elecirons _ard their coufiguration. Thus, all ato=s of a siven
elezent havy: the S@-e a.sher of electrons and prots=s. The number
of neutrens TAY vary, wut the che=ical properties 4Ze Dot strongly
affected by :uq “eirht of the aten. The nuzder of ITotozs or

ATETIC B v 15 indicated by a subscript added to z-e left of the
chezical ;,:Z?al, Eellos ::Fa (irog, 26 protoas and 12 neutrons for

a tocal aticiic vetsht of $9 atu). Atoms of the sa=e clenent with
s&f:qtg;t Wamoers of ceutroas are called isotooes, %.c.. ::Pc.

isfe, 3,Fe, ‘wrz=4al iron is composed of a cixture ¢~ isotopes wich
the followizas ato= percentazes, ’.iZ;-"Fc. 91.662 **Fe, 2.192 "F..

J - ’ 4 "“~.f:;
7 c ~ - . r 4 —

C

m
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and 0,332 *'Fe. Agoms wieh the save stomic zass ru=bder are called
{sonars, T=ose with the sase nusber of. peutrons isotones. .
iso-ars th e s30tones.

1.4 Racdizactiviey

Some atocs are unstadle and are transforazed to a more stable
state by T-2 spcntanecus disistepration of the nucleus with the
e-{ssion of radtazis=. These 2to=s are called racicactive. In

e-eral, 2 e process =ust have a ceasurable liferice (10"' sec to
Lv" yr) ‘27 =Ne ai~= t> e ccasidered radloactive. The :rzﬁsltion
co a stab.e &t =av take placc with ome Or a series of sesarate
iisintegrations. R

1.6.2 Alpza ‘adfation

A raiisactive atoc =ay decay by ezission fro= the
guclz.s, cf a ;article cousissizg of 2 protocs and 2 neutrons
(heii= rucless :Ze)., The particle 18 called ac alzha
sarz.zie or alzna raliatica (3), The process involves a
decraise of & “n the zass nucber of the nuclecus and &
decrease of 2 ia the atec=ic auiler.

; B el 2 Y + jde: z:o,o —> 22 4 a

3.4e2 seta Paliation

sleus decays by ecission of a ncgativc ot
~n the rrocess is called Scta ecay. ne
lied beza par:.cles (8, = or :™). The
3 DAy 4.s0 bc.ztékgg_l ggsttrou.

positive ele;r

parzizles are =

posiiive elez:T
A A

z"“"’zﬂ.”e

A A +
2 L ——> 2-1 Y+ 5_

1.6 Gacca Radiation

After the exissioa of particles such as alpha or
beta radlation, fros the aucleus, the daughter or product
sucle.s =ay be left in ao excited state. The transition of
the =.2leus to a stadle or grouod state is acccopanied by
the ==ission ui nigh ezecgy photons called ga=wa ravs. The

ja==a emissioz usually taxes place i::ediatelj after the
patt---late raciation {s e=ftzed (within a tize too short to
meas.re). la sc—e cases the excited state of thu oucleus
zay -ave a r¢,stiv¢1y long life before ‘the gac—a ray is

e —— e ———— . -

- ——— —— - —
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elitted, 1a which case the tvo eser,y levels of the nucleus
are called lswers., — - F
A A
L RS ] X+
g " z L
]

1.4.4 Orbital Zlectrou Caprure

Asother type of ralicactive decay (s a>sotyting of
an orbizal electren by the cucleus or K=cazture. Thie is
usually accozpanied by the esission of an X-ray.

S ——— ——

- A

A
2 K # Q" =emp z-1 X

0 F {aternal Cocversioa

leternal cocaversion =3y be descrides as the o ission
of & gnctoa frez the nueleus, vhich causcs einctlon of ga
vrsltal electreon. It is prodatly best described a5 4 type
of gaxa decay even taough an electron (s e~jrres fris ghe
atoa.,

Y el
1.5 saonization

Charced particlaes Passing through =atter transfer eirr-y to
fhe zatter anc “ence jradually lose emergy and are "absorty "
€TerTy 135t may appear as excitation of the elcetrors 18 €.

S==salsson
"

fat 1s, the orbital electrons zay Le ratsed o hijher erer; 7 levels

4348 exist {o ar excited state. 1f ecouth enerny (s absoriel, an
eleciren =av cves be ejected from the nclecule. Any process gych
43 tils wRich causes the neutral ate= to lose or gale eluctirnps
and acquire a net charge 1s called fonization., The negatisv. ly
harged electron and the Positively charzed nolecule are cullez

0 lon gale, The energy resuired to cause lonization L8 alege

{0=15 electron voles (ev) for most zolecules, wovever, becajse of
the energy lost in excitation aad other Processes the avers, o exerpy
required to for= an lon palr, the W value, 139 consicderadly '{-~ver,
For air the W value tor elecirons.is 337 ev and for alpha Larcicles
A5 ev. The electross which are ejected Yy the {ncidest fsclition
have relatively high energies and caz also cause fondzstion, They
are sccetizes called delta ravs or secanlary ragiceisa. Saitagion
which is uacharged (aeutrons and Y rays) produces ionizatic. by
indirect zeans. This usually involves a reaction or inters-tion in
“hich the uncharged radiatica produces a charned particle, such as
an electron or Proton, vhich then causes ionization.

The

. 1 | Frhotoelectric Effect

Ia the ghotoelect=ic effect a cArma ray interaces with
an electroo asd the pactea Cisappears and the electron is
elected vith a vioetic esergy equal to the energy of the gapa
ray, =ious the biodius c:cr;y~of:}§§1¢lectron. The probabilicy

=olecules.

-~

B — ————— - ————
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for photcelect—.c tyye absorption is highest for 1=+ edergy
radlacics and -z Riuh atoz=ic ousber zaterials, vazing
. adout as &7 am: 2°,

1:%:2 Compece Iffect

S————C R R

-

g 12 the Izzptr Process a ga=ma ray interac=s with

! ac electrcn azc is s sttered. The scattered ga=ma ~ay has
less emergy tona- the Ingidect ga=ma ray and the eluciron &s
elected with z- =« iifferesce ia ererzy. The scattes=d photos

' cas undergo fusther (=ptoe of photoelectric iztermuczticas.
The probadilise far (-wpten imteractiocs decreases slowly
with focteasizs =aefip: 2f the poton and Ls relatirely
izdependent cf ezucy oumber. 1t is the predomiza==w
absorpsicn priiass | « moderate energy photeas asi zll bdut
very S4gh ato=iz tiorer :aterials,

Sy ———————

2e9:3 Pair 2=ozuctjun

-
"

3 zzae tiece. I this procass a3 photuw is
elect» 72 3ad a positrom. The phrtzm =ust

=€ at 1east 1.02 Mev as this is the uosbined

 equl -alent of the electrom end poroiros

€ ex .27y » excess of 1.02 Yev appears a: kinetic

e ~urticled. ihe poesitronm anniailates :vith
cesmz, usually cfter losing all kinezic e==eryy,
<3L llev patces. The prohability fo=. pais :

fncreases 3a0wly With egergy but strong.r with )

al C=.: pumt et _(_:z). Wl

tezon enesgles {o exgess of 1.07 llav zaziy ‘

-
o
o

15
.
9
4
iy
~

n

«

®

v La
i

a n o

-
3 vl

=m0 o

L
~

v < D
"

-~
*
"wi'e o

(%]
“w
:

o
S T LN

v

"

i 0

g8d,

L B LR
o
O OB
1 BB
- iy
Hn 3N
AN 2 |
.
o
S o

b B * )
&
- e

Lodh Y
N
"~
L

|
|

=
v
&~

Teutrors are olso uncharged and cause fozizution by
secondary char: e particles. At thercal eaergles . .025 ev)
i the zost icportaz: gealtions sce the abscrpsion of neutron
by hydrogea for=iag ‘euterius with the extssioa of @ 2.2 Mev ¥
gar=a ray ['H :,y) "/ aad the abscrptiom by nitruc~en forsing
tadtoactive ‘"I id e ittiag a 0.6 llev proten ['°¥ .2,2) '%C).
' At Righ cnorziac the «ollision of neutroms with the nuclei of
atoms, especla__y hy'trogea, izparts kigetic enmergy =o the
nucle!l vhich Sw-osze (harged particle radiation. T.ese
i "reccil nuclei” zause a great deal of fonizaticu. liany other
' types of inteciccions, producing a variety of ifoni==ng
radiaticas, ar: pessitle with neutrons.

]
1]
Jeutrer Iaterectiouns !
i

v —

1.6 Units

Ia 1925 the I{=z:rmati-rnal Com=ission oa Radiologica’ Unics azd
Measurezenr (ICRU) was orgpacized to develop internaticca ly acceptable
quantities and uaits -f ra'lation azd radicactivicy, precedures for
Seasuresent, and rez=——esdations for application of procwiures. The
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following units are takez fr== the ICRY Teport oa units, sumber 10a,
1962 (also available as Hati:mal Bureay of Standards Handbook 84).

1.6.1 Activity

The activity (w) of a quastity cf a radiocactive ouclide
{3 the quotient of Li 2 At vhere L (s the nu=Ser of nuclear
transforzacions which “Zfur {a this qQuactity iz time 2t.

»

A s

[tz
/

A=

i
fe»
"

The spectal unit of_CQZZVIty is the curie (C1).

~—

™l ey o sz (exacely) ~._

— i

WOTE: Iz accordance <’ the former defimizioz of the curie

85 a unit of quansity =u tadiocactive nuclide, 1t wvas custocary

acd correct to say: T curles of P-32 vere al=isistered . .

- " It is still 4r:issible to =ake such statezents

rather thas use the leier form unich {s now correct: A

quantity of P-)2 was ac=inlstered whose activicy vas Y curies.”
e o+ e o

——

1.6.2 Exposure

The exposure (X 1a the quotient of 2Q by d=, where 4Q
is the syz of tl.e elec="ica) charges on all the focs of one
sisa produced in alr =ne. all the electrons (negatroas aand

positroas), liberated 3 Votons 1a a voluze elesent of air
whose mass is la, are = .Jetely stopped ia air. = P
-8

The special unit of exprwure ts the roeatgen (R).
A - ————

——

IR = 2.58 x 1070/ uge
~

S r— - - g

*Th.s uotir 1_5 O\lﬂ'?itl::_:' h.'entical "'lth_‘h' o‘ldloac defined
as 1 e.s.u., of charge 2! .00129) graz.of air. C is the
abreviation for coulomz. e e -

WOTES:  (a) The words Tcharjes op all the ioas of one
sign" should be Zuterpreted 1a the =athecatically
L AN absolute sense. (L) The fonization arisios from
the absarprion ! lrezsstrahlung ecitted by the
secondary elect=:iis {3 not to Le included ia 4Q.
cxcept for this s.all difference, significant only
at hich energias . the exposure as defined above is
the fonlzatict + uivalent of the kerma ia air. (c)
“ith present teliilgues Lt {s difficult to =easure
exposure vhen e ploton energies involved lie

-

e ap— — it .

b 4 ~
." f\ \\- 9 : '(”"‘0';«

"
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abcve a feu lev or below a few kev. (¢) As in ’
the case of Lerza (1.4.8), oacte (3), it =2y oftez

-~ g
be cenvazient te refer to a value cof exposure or of
i ex;osure rate iz free space £z a3t 2 point insice a }
i caterial different frcm air. Iz such case the value - i

will Se zhat which would be deter=ined for 3 s=all

quancity of air placel at the point of isterest. It

is, however, per=issible tc =a2 a stateceat such as:

“The exposure at the point ? iasile a vater phactom
——————————. ————— —

is . . . o

—

1.6.3 Absorbed Dose.

e e - —— T e

-

The abscrred dcse (D) is the quetient cf .‘.E; oy &=, }
whete ::1 is the emergv izgparied by iesizizy raliation to the :

)

satter Lo a volu-e eiesent, 4= 4s tie zass of the =atzer 1o

that voluse eleseat. '
&,
oo g N
The special unit of adscrbed dose is the zad. {

- -

i rad = 100 ers/g » T%i Jiwg
WATE:  J is the abareviaties for Joule.
1.6.4 Dzse Zguivalent i

1. For protection purposes 1t is useful to defise a
quaztity waich will Se tersed the "dsse equivalent”, (DE).
2. (2E) is defined as the zroducet of abserhed dose,
3, qualicy factor, (QF), cese distrizutioz facccr, (OF), and
other cecessary sodifying focsers.  (ZI) = O (RF) (TF) ....
. .=~ 3. The unit of dose equivalent is the "re=". The
dose equivalect is nuzerically equal to tne dose ia rads
“~zultiplled By tne eppropriate zodifying factors. B
The ters "ISE dose” has in past pudlicatices of the
Coz—ission not Seen included in the list of cefinitioas but vas
! serely rresented as a "recogsized sy==cl”. 1la its 1359 report
; the Comissicn also expressed =isgivinjs over the utilizatiocs
! of the saze ters, "R2I", {2 both radiebiclogy acd raciation
! protecricn. It aov recomsends that the terc RET Ye used in
| radiobiclezy only and that ancther zame ba used for the linear~
ecergy-transfer-depencent factor by which adsiried doses are 2
’ be =ultiplied to obtadis, for purposas of radiatios protection, a
‘ quaztisy that expresses.cn a co==oo scale for all iomizing
|
{
|

PP R - — —————

-  —

raclatizns, the irradiaticn iocurred by exposed persons. The
naze recc=-ended for this facter is the gualicy faceor, QF). =
Provistions for other factors are also =ale. Tnus a distridution =
et sctor, (DOF), say be used to exgress the zodificacioa of
4 tloiosical effect due to son-unifors distridution of internally

- - ~ e peeee - SO
L S = .
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de;os"ei isctcpes.. Tue prmcuct of a>scrded dose aecd

sodifying factors i terces Tue Sose esuivaleszt, (2Z) As

a resul: of discusssions Ser.een ICAL and ICAF t2e above

formulation nas beex agteec uPOO.

The followia; is ta_.ec fro= 20 CFR 27 and gives the g_auty

iactors" oc P2E values com=coly used,
29.4 Uzits of raciiazion dose
(a) "Cose”, as uses iz this sart, is the qu.::::gy__ot
cadiation abscrbed, per -uit of =ass, by t-e boly or Sy ars portios
of the $027. “hen the res=.latices in chis rast Sj's_c_!f'/ a 53“ wuricg
4 period of zite, the dos: eans Tle total Tuantity of radlatios
assoroed, pat uatt of zdss., by tnea 50dy or >r agy portios c‘ e Sady
during such pericd of tize.. Severio differemt units of lose are it
curreat use., oefizitions of unics as used ia this part are set fcrth
Lo paragrapas () azd (¢) cf this secticm.

i3 *_‘u..J as usex. in this parc, s 3 ceasure of the dose of
any tonizlizy redlatlon t3 coly Cisi.eS A0 Z253S ¢f the ezarry assorbed
seT unit =ass of L".-;_ tissai.. Oce 722 is tas dosece Tresroengicg to tie
anssrpeion of 100 ¢rgs Jer cram é. issue. (Une millirad (=rad)ed.(Cl
rad.) - . e e

(c) e re=, as use:z {no thi: pare, l¢ _a _zezsure of te dese of
4ny dcnizing raciation t3 uedy tisi.e in tar=s of 1ts estizated
bielsgizal efiict relagtiva 29 a €mie of ore rcentren (r) ef X-ravs.
(Cua .:.4.11:: (zrez)eC. 0.l se=.) T.e relaz:ich of the re- tc otner
“ose _poits Je7e2nds uron faa blolozizal efferiTunler coasiieraziom and
spoa_t .-_Acc*_'.'.ti::s of t.-....‘.a::c-‘."“’a'r thé purpose of the rerulaticas
{n this care, any c¥ the -.-.-lw‘.:; ~s comsiler cé to Le equ valezt to a
ivse cf cae tent ' e - P

MRy g e — g

1. A dose df 1 ¢ dur: to X= cT na=—a raZtation:

2. A Zose of 1 rad cue to X-, ~amma, cor Yeta radiatica;

3. A lose of 0,1 ra. Zue tc -2utrons or Mgh enerzy stotons:

4. A dose of 0.05 rrul due t: tarticles heavier than protors

- ani «ith sufficiumt enerT— to reaz™ the lens of the eye.

1.6.5 Keraa
The ker=a (11 s the -<uotient =¢ AT Ly is, shere 2By

is the s of the i=:.:fal kizecic enerziles of all the charzed

watnclen Iiterated = tgdirac:ly fonizing particles in a

vol.::t_e.\.:e:t of the sreciflsl saterial, 4z (s the =ass of

the ~atter ia that vruiume ele—ent.

—
‘
\_ £ ___M:; ~
i i
R —"

WOTTS: () Since LLL is thc = of t 2 initial Xinetic ezercies
of the char~wm. nartiz-es lidesaized ! Ly the ipdirectiy
fonizing parm=icles, f: iacludes not only the idizetic
cergy these zharped ;articles c:pcnd in cou sions “wt

—— - —— e ——— - ——————
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| also the ecergy they radiate in bre=sstrahlung. The 5okt W
N enersy of any charged particle is also included wvhen e

these are produzed io seconlary processes eccurting
vithin the voluce elesent. Thus the emergy of Auger
| electrons is part of AE,.

' (3) 1la actual seasuresents La shoull be 8o scall that
(ts i=trpcuction (Jes not appreciadlr Jisturd the
raztaticn fleld. This is particular’y czecessary if the
cedius for which ker=s is cetercined i3 differect froa
the abiest =edfum; 1f the disturbaz:e is aporeciadle
as appropriate correctics ust be azz.ied.
(¢) Tt =av cften Ye conveniest to refer 0 3 value of
ker=a or of ner=a rate for a specifiel —aterial in free
space or at a poizt inside a differe=t =azerial. Ia
such a case the value will Se that »=:2n would he obtalnw<
{f a scall quactity of the specifiel material were placew
at the peiat of izterest. It is, hsever, per=issible o
zake a statezent such as: “The ker=z fo7 alz at the paumz
P Laside a water phantez is vee." geczoomizing that this
is a shcrthand versidn cf the fuller .escription gives
adove, ¢

(4) A fundazental physical descrip:i>= of a radiatien
fleld is i the irtecsity (enerzy £..= demsity) at ail
relevant poists. Feor the purpose ¢ Zosizetry, nowever,
{t may Se cooveniest Lo describe the fleld of indirectly

tenizizg particles ic terms of the -=r=a rate for a
specified zaterial. A suitable satertal woull be air
for electromagnetic radiation of sclirate energles,
tissue for all radiations in zedicire cr blology, oF

any relevant =aterial for studies of raclatiom effects.

Ker=a can also be a useful quastity in dosizetry vhea
charged particle equilidrium exists at the position and
i the zaterial of isterest, and bresssisanlyng losses
are aegligible. It is then equal t= zhe absorbed dose
at thar poiart. In bdeazs cf x or ga—=a rays or neutrons,
vhose ecergies are coderately high, :ransient charged~
particle equilidriu= can occur; t=%s conditioco the
werca is just slightly less than the absorbed dose. AT
very high ecergles the difference bezc=es appreciadble.
lo peseral, 1f the range of directly ionizing particles
secomes comparable with the mean fre: path of the
{ndivectly ionizing particles, no e3-=ilidriwm will exisc.

et

P —

1.5.6 The particle fluence or fluence (%) =f particles is the
quctient of AU by la, where & is the nucber of particles which
, ecser a sphere of cross-sectiosal area la.

L)
:.::‘-
La

paoz 0§ ? 3




} 1.6.7 The particle flux ZJezsitv or flux density (¢) of
partiz_es is the quaotient of 27 by it wrhere 2y i3 the particle

fluezc: o2 tice Ot,

NOTE: T-is quantity may also be referred to as particle
fluecces rate.

i 1.6.3 Tse energy fluezce (F) of particles 13 the guotilent of
; LEg 5w _3, wnere 4ig is the su= of the ezergies, exclusive of
rest «=.arzies, of tll the pariicles wiich ecter a sphere of
! cross—«ezticnal area la.
' fob—ti
ta

~._1.6.9 The ecercy flux de=a{:v or iatexsity (I) is the quotieat
B .t wnere LF 13 the exergy fluszce ia che tize lt.

L¥
S - _de

~

NOTE: This quantity zay also bte referred to as sg::i!.ff:fnce rate.
1.6.17 The =ass stoppine pover. S/p0 of a material for charged
Fartic_=s is the quotient ¢f dTg by the product of dl and ¢,

where I, is the averace energy lost by a charjed particle of
speciil el eaergy 1o traversics a peth length &1, and p is the
deasiT of the oediu.

s L
3 e d ]
! NOTE: ZI. denctes energy lost due to {onizaticn, electronic
; excizaz= 7= and radiaticn. For scce purposes it i3 desirable to
consi:wr streping power with thé exclusion of brexsstrahlung
f losses. Iz this case 5/¢c cust be sultiplied by an appropriate
: factor zza: is less than unicy.

1.6.12 The lirear enerzy tgansfcr (L) of charged particles ia

sedi.x is the quotieat of c¢f; by dl vhere ¢ is cthe average
energ .>cally izparted to the sediwa by a charged particle of
speciiz=? energy io traversicg a distance of dl.

v - —

e

WOTES: (&) The term "locally imparted” may refer aither to a
zaxizua distaace froc the track or to & saxicus value of
iiscrete energy loss by the particle beyond wvhich losses
are 20 locger ccusidered as local. In either case the
lizits chosea should be specified.
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(b) The cemcept 2f lisear evergy tracsfer is dif=erent
froz that of sioppia; power. The former refers o=

energy ilpartel withiz a lisited volise, the lattar zo

lose cf energy regariless of vhere tiis emergy is «osorbec.

1.£.12 The zverace eneriv (V) expezded 1a a gas per iom mair
for=ed 18 2te Guotieat of E gy Ny where I, is the averags
oumber of 133 pairs forsed whea a charged particle of {ai—al
energy £ is coupletely stopped by the gas.

We -

v

NOTES: (a) The fors arisizg fro= the adsorption of brems:stranluag

e=itiel by the charged particles are oot to be conm:zed ia Ry

(b) I certain cases it —ay be necessary to cons..eg
the varlatlom in '’ aleng the path of the particle, and
a differential coccept is them regquired, but is acx
specifically defined here.

L.6.13 A nuclide {s a specfes of atom baving specified au—-ers
of neutron: i3 its aucleus. ‘

1.6.14 The specific ga==a ray constant (T) of a gax=a~ex=.cting
suclide 1s the quotient of 17 IX/it by A, vhere 23/i¢ {s —ue
erposure rate at a distasce 1 from a polat scurce cf this muclide
having ao activity A,

33

Ale

Special usirs °f specific ga=ma ray coustast are Ralh~iCi™'or
any couvenlect =ultiple of this.

)

NOTE: It i3 assuwzed that the attenuation {n the source ame
along 1 4s neglizible., However, in the c.se of recius
the value of T is deter=ined for a filter thicknesir of
0.5 == of platicuz and in this case the spectal um :s
are Ba*2"'g=Yor any convenient =ultiple of this.

1.6.15 Directly forizirg particles are charged particles
(electrons, ;rstens, & ;erticles, etc.) having sufficlent
Kizetic eserly to produce ionizatien by collistion.

c
r

1.6.16 Indirectly foalzins particles are uacharged partic_es
(nuetrcas, paotons, etc.) which can liberate directly fon:.zing
particles cr can 1ziz4a2e 4 nuclear transforsat{oca,

B e Sy —

1.6.17 lenizing radtacicn is aoy radiation censisting of
ditectly or indirectly locizing particles or a cixture of ‘moth.

1.6.18 The energy izcarted by fcalzing radiation to the =acter
ia a voluce s the difference berveen the su= of the esergies of
all the directly and {ndirectly ionizing particles which hiave

o
O
()ll
(»
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the energies cf all those
e energy equivale=: of any

L. took place io puclear or elementary

TRe voLlude.,

scme of the {o=s
shwva {n the ¢

~gure

ltage

requires less
L.l(\.‘L;(, efficlent ‘:'."-'.SS O rfecyce

\Teas of lov e_ectric field can also reduce the
ape.

vigatiom dependent upon the size of tha

. fam »
esizn featu

leve saturaction.

scaller chasler

gases is used (g fonization chasbers. Alr ts

SLAsUTEe PO riTe (o Llen guas becausc the Roenutges
)

*=5 of fon'zacion {5 alr., Borew trifluoride zay Se

£S 'O Tea’ure t e-=al peutton radlation. Argon or arge
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Sixtures are comonly used tc Lacrease the seasitivity of chazbers.
The sace effect can e achleve: by izcreasing the size of the cha=ber
or by incrfeasicg the zas pres=.-e

The respouse of an lom z=az=bder is very dejendent upom the
caterial of which the walls ass zade, as =os: of the elecirons which
“ause loniraclion are ;roduces s the vall caterial (becsuse the wall
material cootaias zuch cure =ais thaa the gas). Thus, chazbers are
designed vith alr-eguivalest o= tissue-equivalest walls depending on
their istended use. o e i —_—

e ———

Secauge of the very small currents ia fomizaties chazbers, the
Tesistxnce of the lasclators =uus be very larse. The high izpedance
Sares fonlzatica chmoers sems.iive to h=idity and other effects
45¢ the response 13 slow. Asr__.flers to seasure the s=all curreats
are relatively conplicated ane expeasive, vhich 18 reflected inm the
tondzation chazters used for ru:iation ceasurececz:s.

1.8 Proporztonal Counters

Lf the electric field stre=3th is large enoush, ezlectrons can
§4la emough energy to cause fussher foafzatica. The elections thus
forwed cause =ore lonization a=: an "electren avalasmche" is {zitlated.
This princiole 19 Leel 12 srog- riiosal ind Geiger-“ueller cousters to
"emplify"” the nurber of electrou: formed alorg tie path of the loaising

PATIICYe. The gis fair OF . a=r.-‘icaticn i3 a sroporticaal <ounier is
4 LC gttt

easonly 12) or 10% (recall t?:?—EFI';ii:Eai;"lndan tealzatics chamber
1s sy}, In order to achievs =igh electric fleld stre=gths a very
szall Jlaceter asode wire 4s vae?. The field screagch, Er, at radius

r for a counter voltage Vo is I=ven by

Vo
rln (b/a)

vhere a 1s the radius of the w==e anode and b 13 the radius of the
collector or cathcde. It is {: the reglon very close to the center
wire that the clectric field s:vength beccoes stroeng enough to initiate
the electren avalanche, Each es_sctron from the prizary {cnization
iniclates such au avalanche., I= the proporticnal region the avalaanches
are szall and do oot overlap. Iiace the oumber of electrons forced ia
®ach avalaache (9 constanz, the total nusber of electrums collected is
proportional to the iaitial nuscer of fons and thus to the energy
absorbed 13 the counter gas, I.scrizination Setweesn radiaticns wvhich
Cause varying au=ders of prizarT ions 1s thus possible. If all of

the raciation 15 ewpended ic tie counter, the nucber of electrons
collected is s cessure of the emergy of the radiatios. As the voltage
L5 iocreased the gas gaip iocreises to a soint where the avalanches
overlap for radtations which crzate large susbers of prizary {ons. The
counter is thero said to be operiting in the region of lisited proporticn=-
ality (proportiosal for lighely :onizing particles Sut sot for densely
toulzicg ounes).

Er =

——— -

. . - "

e
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The elects ==5 are usually collected very rapicly beca—se of
their proxi=ity =2 e cester wire and thelr high cobilicy. The

positive lozs ao® collacted =uch =CTE slovly. The pulse fxr>= the

pruportiosal cmr=mtes ¢ erefore consists of & very sharply r=sing
ecpomect fTes Tos ¢ ecnzons followed by the sloaly risisg, dut

sajor, part due =- tre positive ioms. he actual shape axd size of
the pulse is ver™ Zepesient upee the associated electrooics,

especially the == constaat.
i ,—————_——————"—— RE = =

f. /

r'/
”~
Voltage ‘ ’
‘ ~" ECelus
| / RE = )
T A e

Tice

The avalazzne 18 ter=tzated whea all the electrons =ave heen
collected in the roporticaal couater. “he nu=ber of posiiive icns
{s izsufficlens =2 shiels the ce-cer wire ani prevemt furz s operaticn
of the counter. excited atozs cay esit ultravislet rac_ztien in

L

-
-
-

returcing to the SToussd state, “hich cap cause the efectics 2¢{ photo~
electrons froz © e cathole. flectrons may alse be ejected fz02.the
cathode during —.t seuvtralizaiion of the positive ioms. To zse elcctroas
conldthenr-cans« Turther counts. To prevent tie sbove, "¢ #=chiag”
gases are allel. ~ The cueaching gas solecules absord the ul:raviolet
radlaticn apd art 2issoclated instead of icnized. The quecirfg Ges

-t

also has a léwer=>nlzation potential than the counting gas, 80 that
ferization 13 a cra-sierred to the quenching ga2s during =oe drifc
ts the cathcde. == severalizicg. the cathode the queaczang g8
disscciates iostezd of allewing electrons to be forzed so =:e ccunting
evest is tersizazed., Ia the proportional covater guenchisy =ay de
neglected dut periorzance {s usually better if a quenching Tas such
as zethane 18 ac..:d to the usual noble gas, such a® 102 CE. and 9C3
Ar. There are —-o senezal Lypes cf quenching gases, crgass< zolecules
and “alogens. Toe ralogea oolecules recosbine after disscczation aod
ace VL_‘_u_siL‘._:_ as is the case with the crgaaic gases.

dost gases . wika the exception of electronegative ooes, can be
used in proporz=.cmal couaters. Tissue equivalent organic jeses are
ased 1o dosiset=TsS to Zeasure tissue Cose and berom triflucride gas
enciched im '°8 .s coz=omly used ia thermal seutron cousters. Oxyges
and other elect=oaegative gases should be excluded, althouss even air
@ay bde used in sme applications where perforzance standar=s are npot
too rigid. The Zact that the gas asplificacien takes place very close
to the cester w.—2 =akes the proportional counter relative_v iosensitive
to cathode shaje and cousters can be tailored to fit a vaz.ety of uses.
Cvlindricel, he=_spherical, bell and disk are sone of the shapes

com=ouly used, == additicm to the sphere.

Usicg 3 pr-porticnal couater it is possidle to discr==inate
agalnst radiati== ~f different energy or type. The discriz==zator on

- p—

- #
- N - _Ncyjﬁ —()
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S —— A ———

o ———
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4 scaler zay be ser to exclude all pulses duc = Seta radiation and
sxnt ocnly thcse from Ri35 evergy al;ha partizles. The instruzeae
=% thea =ail to be operatisg oa_the "alaza Piizeau”. Sizilarly phe
SEITALD Can Le adiueted 3o ghar Sotn Seta azc alpha are counteg ané
i "deta jplateay” is Olserved,

3 Plateau /

. ‘ /—__——-—-'/
Count 7ate ! /

SQV /
. | @ Plateau /
PHS Setiicg |

~

/

(.

Counter Voltage or Azplifier Zaia

1.5 Ceiger-M.eller Counters

A3 the volra
—ZTeases to the p
wLsILPSN SProgcs a
SALTA3 £2s pain and all gpulses are of 8PPTOX Zalely the sane uize,

£ L53, Sk es ey $ . 2

Tejariless of toe nusher cof 1e2t1al Tensferme: ir the ccunter,
e | S —— e v wig | = . ‘ahs b vot - - *=ruijsioniioy

£e 1o a3 prozistional couctes ~iireases, the cas

Jiit wnere in wlegtzon avalamiite fro= even 3 siggle
11 aleng the anode Jdre. Tois s the irea cf
~ I

-

Ienizatien froportionalLizited “€iger| Jischarge
a ’ Prup J

) :

| '

| / : !

...—:‘er of ’ [ / 4

C;-.’;:_t’ev: ! ‘ J— " :
/',’ // ‘ I
e : }

Cvuntar Vil tage

™e sheath of positive Lons around the anode si»zslds {¢ froz the
Tezilnder of the counter asd cakes the G~ coupzer ioscusitive o

azr furcther ionilzing events until the Positive L==s ave drifeed
towrrd the cathode. The Lize dugxng__s.'li_ch_m_cau_nut_1_;_“.~gs.¢a.;gx~i¢
to zsdiaticn s called the "dead-tize™ and fg ro-r vary {rom less thag
I8 2= several Suncred SiCroseconds. At high cou-: rates correction
SusT Se cade for events not recorded dur{fy the <eacd-ciza-

— e ———

The C-! couzter s ve sensitive to seccr ._ary on of
eleziTons fras Sitrahas eutralizaticn of - ~sitive ions, ith-

‘*v’"‘-_ > S—
Cut & Querciiti oa3s the ; ; =c2ssive discharnes

afies every event,
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ollecti~ yolzace cay be used 1~ place =f Or to supplezezt the
Qllecti= yoliage cay be used in place =f or to sups
quenchiny cas, Tals procedure 1s tersec exterzal Queachizg.

———

The :is zals recaios relatively 2==ctant for several
hundred o 15 shove the threshold of the Jelger regionu. The couat
-

rate s = . ccastant asd @ “Ceiger plazezu” 1s odserved. Above
the plats.. 3 contizious discharge takes jlace.

e . P — -

!

Fy

| €—plateay—> |
! /

Counting ‘sze

Counter Voltage

1.10 Sciz:illacton Couszters

iz ss-tain materials the abscrpeic= of iszisins radlasian
can_precuc. "seimeillations" or photoms :f liszht. This 1ight can
be detect. Ty photomultiplier tudes asc zsaverted to sc eleccric
sigral. Tre ororerty of e=mitcias lighe .wea exposed te fomizing
rafiaticns i¢ called liminesceace. If t=¢ e=ission of lighe 1s
fast the --:cess 15 callee flucrescence. If the eziseloa is
delayed o TToczess s callec rhosohores-cace. The distinceicn

between [. . rescence and Fhesphorescence Ls not very clear bdut is
usually 12 -z as a tire of abous 10°° sev==ds. The guanzity of
Itght e=lg: 04 i3 usually preporitonsl t: -=e total enersy adsorded
feom the - -ieing raciation. Thus, the L-3ht pulse is preporticcal

“o the esw- . Uh50r3ed or to the erergy = the radiation, {2 the
Case of com-lete absorptioa. The eaissiz= of light should be of
very sbort __raticn to give a sharp pulss =¢ {atezse light. This
also red.. “4 Anterference hYerwveen succes::ive pulses. The
sciotillizo= shculd Se travsjarent to the ~ight exictted so there
is zinim= sagorpeics of the light Sefora it reaches the phato~
sultiplies t.ie. It 1s also advantageous <f the scintillator can
be obtalne. 1= larze sizes and of relatizely hizh density to allow
for maxizz assorperioa.

The «s:f1lation detector zay be cm=rated as a pulse ccunter
Or the tori. current cao be integrated acc used as a measure of the
Badiation <~ 5urd or dose, as in an lorization cha=Ser. The, pulse
node 18 uS T Top counting or analysis of = e energy of the tacideot
radlaticn. The current =cde is socetises .sed ino =onitoriry devices.
The aguacsacs of the scintillation detecz:r over the fcmization
chagoar liz: ia the higfer demsity of che cetecter, allowing =ore
edergy a3s¢tica, and the high gals of t-e photomultiplier tube,
abour_107""hese factors cambise it proc .ce a much greater electrical
.mu“ﬁ? the saze intecsity of {ocidenz radiation.
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There &s o eceral class of scozrillatars coeposed of orgacic

CTySides-oX ;'-:c 5 o  these antnzacecs 1S the test knows. These
cetectizs gre very Lol for lela zilatico detesiicn decause i2
ever taia. lzvers ';-... rartticles are so=pletely czied Sut_ga==a

tay ..sez;;.'.-:.u var— lov asi causas listle isterferecte. S,)latu:..s

of or.s:_.c sciatillatiors zay be ‘n‘;;ng.l l1icuid oz &0iid (plaszic)?

form, ioe SUTLtloas == he poured Lo OF cast in azy stape and

therefcre ficl use = '-~-y :pecul a::.icatione, u,ecu.ly those . :

requiriag a larze voluze.” The use ¢ liquid scintillators has lecoze s :

the mcst l-pcrtant =anad of radiacti::z deg&ilicn"1a the blological "o R

field. Se=ples zay >e dissolved riz-: {g the scincallazer 2llowdng

for very liinh efficiem:izy a-’-:r;;.'ff'.:-e adscrption of l.- e-c'z_y beta

paziicles. Zecause i :he large hys::ijea conpen: Iliestic sciztillators 2

are sc-etizes used ae -2st Seulroa Celectdrs, u..l sisg '~¢ reccil !

presons pTUflzels - — o S 8
"‘“-*——:'-’ -

The ioarsasic crvetals are the zost efficizat Zetectors of e

A=A racissicn Secaws. of the high :zecssity end co'-scquc-tly c\c -
= 20st cases “activators” ¥

L‘:;g_..».r-‘.;:‘_-_‘ SasSEN SDETRT.
cusg J.x_..s....:\_:c‘i Se e incrzaale srystal Lo produce luminescent
ceaters. As exasp.e — :&,a;;m—. q:'--;_ to scdi= ilodide, the cost
populsar iscysanie scimsillager. Lns_selfiide s nas—tsagsparent $0 “ g '
its own rall ca dut =2z ba used Lo —ery thin layers. 1la this form .
it car o= ly_ati_=> alpha parzizies with iasiszificant absorption ' sy
5f beta oF pi=za resi.iz.33. 1C, theraisre, 1S widely used i3 alpha
detectors. lithium :.cide enriched > ‘14 is an excellast detector _
for thereal ae trons eiause of the ‘.t (n,2) 'He reactiosn wnich NG
produces a las ulse., wnlch 4s easily distisguished fros-ga=a ~\T
radiation. =T

Scintillators cax also Ve fadri:zated from varicus glasses .y
mposed of the oxides of borom, silizsca, sodiu=, alu=inus, lithiua
and sagoesim with an sitivator such as cesiu cxide. The glass
scintillators cag be Invoed 43 azny szi:e aoc also closaly match the
refractive index of cthu: "nozo-:mlupl.:.: tube. The bderom or lithiun
contest of ehe glass can be varied fc zaxe it sensitive to C herzal
aeutrers for special avplicactioms.— o

¥
\
\

The nodle Fases .o a Very pure 13ate also exhitit the properxty
of L\z...u«n e and cam. be usad as sc.=tillators. TlLelr use, however,
has beea very Iizited. 3Secause of the -w_de:uity. casecus_scintillators
are rcallx_su:a 'le onuoe for heavy cnairged particles such as alpha
radlatioun, ST

1.11 Photosraphic Z=u_siocos

Yonixx:g raduz:.m. like visible light, can produce a latent
isege 10 a 3 eri;ho. e=ulsion. T:te path of charzed particles passing
through az c-.-'.._s‘.:: 3 'ecordcd as_a -=ber of silver graics vhen the
fi1s ts develgped. Iz scze hstar.cea. '.'.gu:s.';l g..:"t is exacined
alcroscepically o aerxt—, ne such (R.zis as charge, =ass, ac and velocity
of the particle. Ta zue case of K= c- sama radiacicn the blackcn:.ns
of the fila by a large =usbter of fndivrilual tracks is used as an

iadication of t‘\e upa\.u.u “or Jose:—

—




|
1-18 :
|

The phatogracsic emylsion coasists of silver halide crystals
(Ag5r) La-zelaciz. The silver halile zralns vary i- 3ize for 3
cifferez: emissiozs (.3 micsces cuclear track =ulsions; 2 aicroas {
' Xrray e=ulsions) a=i the weight fracticn of the silver halide 12

Cie e=ulsico iy vary fro= 0.3 (phetographic) to 0.8 (nuclear track).
The e=ulsiors are produced 13 a variety of thickzesscs Sut the usual !

eaulsion Ls 10-15 zicrons wvith a thin gelatin cover (T cocat) of adout ‘
0.5 aicron.
Radlaticn can excite electroms i the silver Ralile crystal and

raise thes o the.
€

tre.c=2uzzios dasd. These electress thea travel to
ag;;l:&vit!_tu:'

FE3% s ia the crysral comsistizg of izsurities or
defot=ities. The eleciroas can thea Seutralize the s=-all fractios of {
stlver lcns free o zigrate in the eryscal. Thus, a clizp of silver
atoms is forced 12 the stlver halide grala, These cli=ps serve to

catalyze the red.ction of the silver {a the crys:al during the process
of develcpuent.

-
-~

The developer s a substance which vill recuce the silver {a
the graics contalning a latent izafe but does act effect the unexposed
graizs. Thus, the forzaction €Y a Sev silver atess can catalyze a
feaction leading to the reduction ¢f a cuch larger suzber of silver
ioas eiving 'a =uliislicaticn of atout IQ'.‘. The uzieveloped silver
“elide-1s disge! g gad feocved froo the c=ulsicn leaving the grains
X silver to for ghe izage walch serves as a Teasure of the radtation t
to vhicithe eculsion had been exposed.  c—

e L m—

The ouclear e=ulsion ts a very valuatle radlation detector by
viriue of its szall size, si=;le coastriction, russedzess, seasitivicy,
43d lorg sensitive tize (4t 4s alvays "oa" yet requires no power).
soze difftculties escountered in the use of photcgrapnic esulsions are
—e large eaergy-dependence, faling of the lateat izage, fog3ing, and
sensitivity to recperature acd haidity L2 sterage, use, and developcent.

The dependezce coa eaergy is cue to the large aouants of high 2
=aterial (Az3r) {2 the eculsion. Tuis is very izportant Lf a deter~
=-cation of dlose {a alr, tissue, or cther low Z saterial s being made.
“iually a shield ts chosea to preferezcially absord the low energy
vaotony and soooth oyt the energy respounse curve.

For the case of Fixed beta-gar—a radiation a mumbder of filters '
ot shields (s use!, usually an "open window" or no filcer, a plascic
f1lter,Tan? vne or nore =etal filters. The beta radiation will be
Tecoried beilsd the pres window but not behind the plastic filter.

T wvever, the plastic uu_.;_yux have litcle effect on the gamzas. Thus,
| e difference betwees the plastic shield aand Oopen window density should
<& an indication of the beta dose. The density behind the =etal shields
<11l de an indicatiog of the ga=ma dose.: X ' '

e o

The ratio of the filn density behind the plastic filter to the
fila demsity Lebiad the zetal filters can Se used as ac indication of
= ® Average ;hotog ezergy. However, it is very difficult to distinguish
Low energy X-rays fro= beta radiation. -

—— i ——— . %
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Fast me.Zzon fil- dosizecry s usually dome by counting che
Lrack ‘f;'rl;;,‘m.'.\;:;;;:_s. =:is sethed 1s gocd only for aigh
€reILy seetzans (075 ev) Seci.sa <te protca $Fachs are oo sheort
Lo distizgudsl froa crdlzary f4l= Yoz3ing a2t low ecerzy. The zethod
Is Jolativaly Ltoseriiiive ecd TegiLTes 3 Ie3ious ILIITSCoRic exz-
lnseisg of fhe eculslicza. fallng o2 the latent t-ase s ouch =ore
razid than

Ao - . a—
g for Leta-pazma exulaiczs. lo 3 davs a3t foe= tejerature

falizg =3y jecrease t-e n=ler of =achks Bv S.., Slackeniz of the
fil= by gas—a racisticn —ay cese it useless for seutron analysis.

Selid stare ¢
which are or enow

€ ors loclude 2 variety of types. Ocly those
tection fleld will te

se of belnz .=pcortant i3 the radiatioz pro=-

iscussed. Tl seciconductor jumcitrs letecters
ent_ig sQecsooscery a2 heavy charged particle
ctor jumcti-oT detector is as2logus to a solid

Alzaiiin chazber. The dgmicizz radiation produces electrons
f2ive icles” & depleticn Tejlon zreated by a reverse bias.
trons anrd p ve holes til= produce a detectadle current.
ot of cyrien cisundent =mo3 the_m=ber of electron-hele
raed iz ite erezgioacsazies Lo the deplezed region. 1f the
parziclie 1s c=zletely abu:ved iz the depietica regisa the
prezoriiizal to the gowxgs of the jatticle. The s=all a=ount
V3.5 ev) To7rcduze_am tom palr (34 ev 1a alr) a2 the Sigh
tare the silicon device cuct =ore sensitive thas a gesecus
on clactef of the sce slziT "The probles lies in proluciog a
°a region or sensftive velim: which is very large. The silices
are used rrizarily for alpsa Zetection and spectroscopy as the
redcle cun be cozpletely acscrded ia the s=all volise.

fa order 1o tocrease the sens.tive voli=e of seciconduztor
‘etectors, lithiun 1s diffused intc :4e silicon to increase the
Saceitivity and Thus the voluze of zue depleted regicn. This is
being done with percanico diodes, a=ii lichiu= drifted gercanium
detecrors have beccae the preferrec Zevice for gac=a spectroscopy.
The ecergy resolutton of such devices far exceeds that of sciatillacion
detectors. Taey are, huvever, vVer; txpcasive, insensitive Secause of
the szall volme and, f{a the case << lithius - drifted gertaciua, czust
be hept at lov tesperatures. Semicwnductor devices find soze use 1o
therapy because they can be lasertes inside prodes and used iaside the
body. Sgmicorducters have found 1oz el use 3s neutron detectors by
applyog a hydrogencus =aterial to tie surface and detectins protoum
reccils or by usins a "lithium sascw:h" and detecting the reaction
products fros the n,u) reaction wit: lithiwm. Another tyve of. solid
state doslceger uses the property oI :_‘\dic;g.o_tol\.—:fi?sﬁ;i‘:n glags.
loniziog zadiation produces 1o cesti = glasses scable li=tnescesct
cacley. If the glass is them excizel with ultraviolet light (¢ wvill
enit a LighL of certatn savelength. The inteastty of the luzinescesce
is a fusction of dose for cosstant emcitacion. Silver-activaced
phosphate glisses were first used £+ this tvpe of desizeter, dut o
variety of types 4is oow available. The effective atocic nuzber of

e —

- — ————
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the gldss say be virzcoled to =ake it e3erty 13depende=t or =azerials
WKied to-make iz z-zoze or less seutrez’sessitive. Class éosizecers
are uselul over a . .ide razge (10~ - 15° rad) of coses aci are scasle
and rug ed, Glass '_"s'.;‘c:qn_.‘:ave Seen uyses iz sore {2sz3isces as
surrleseats to f1l= - is long=ter= persconcel asaitazins. They cac

Also be oftained iz - very s=all sizas for fecical zeastremassts, Ruiio- :

thermol mivescest | siil=eters (TLD) shov such Procise, escecially for
persomzel wonitorizio:. Iz TLD devices elecirces are ralsel by tonizing

tadlzzica t2 higher : ezergy levels ard trapped, Upcn ;e;;}:; (or other
sxcitation) the elc.z::zons can be freed fros the Eraps dz=< Zrep back to
(08 grousc state vni::" the exission of light:” The e=cuce ef lighe

exitted 19 a functizo:z of she dese to the crysczal of ther=slu=inescent

o
o

saterial.” Txe tw: TRISELOF Talerials most widely used acve Caf; and

LfF Calelm flucric e is =cre sersitive to low doses tha= lithius

slorice tuz the 1i:. stesde oumber cof lithium flucride =2 as it core

weitavle feor low-emer rov cosizetry,  3oth caterials have vary wide

razges (10°%« 13%r.: et LiF uvadergoes soze Sazace at very high dese
-y -

Jaies, Lelcicm suliz_ ilie activated with Sdogacese 1s 4 verT sensitive

TLD asd {3 scretizes <sed to =casure very lov doses. The FIccess cof
‘reacisg” the TLD :-:.:iroys the luzisesceat centers asd toe Jevice zay

be Teused. The TLS ° Zevices are scall, rugced, stadle fcr loag periods

of tize and are ther =:7sre well suited for personnel =moaiz:crs ng, althouzh )

¢ Ehls tize such u.. 2 is oot videspread. ) A Wi

i . L el PRI TR -

Asother ghezcr .~ 2203 sozetizes used for dosizestry is =:e change io -
calor of opticel ¢.2:::17% of magertals with ex;osure to raiiszica. Classes,

such as silver-phcszizrace 2lass, se=e plastics, and dyes i2 vares, gels,

plastics or glasses “Te_sotetizes used An this tvpe of desiseter. In

scneral the semslciii~i2= 45 lcw and the cajor use s foum? i measuris ‘
rether large doses, . .0 « 10‘;;:'._, The clear plastics are very useful

‘0 Seasuring large - -._cetfon doses associaced vith accelerazors.

1,1} Che=ical Detec--zors

Cuemical chatizliridnduced La soluticns zay be used for radfation !

‘osizetry. lo generiil these systems are useful ecaly fcr lirge doses. f
(Feat_care ang shill . 18 ueedad for accurate results because cf the {
interference caused o wzail quantities of fmpurities, Theg Fricka !

sbaaeviCl has been 1 .z use for about 40 years. It zeasures the exidatios
of ferroug 40n to frrvsric 1o0n fo acidie ferrous sulfuee sclusion. It has
3 range of adout & x .. 13 to 4 x 10% rads. For higher doses, the ceric ‘

sulfate dosizeter & ssed.” This systez utilizes the reduzzfon of ceric t
loa to cerous 1oz a2 : =3y be used for doses up to 10" rad. Another
lass of chemlcal doo: izeters utilizes the productior of “virochloric

icid ia chlorinated - =~vdrocarboss. Other chezical reacticns used are
OX1Ca8199~, sduction » vith coloe iodicators, production of Zeczomposition
procucts, procductios or destruction of fluorescent substsmces, and
polyzerizatiocn.

l.le Calorizetry

- ———————— v

Caloricetric cer2thods of dosizetry are used =aialy fecr calibration
purposas. The =als - azvaotage is thit it is a direct meas.re of the
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SCETEY atsorbed. Cciher zecnods, such as looicatien, depend uzica o
SeCOt LITY EEZiess. doveves, the bear assaciec.ed with even lazze
Joses of radtation is _yery s=all and _the measumesent must be wery
seasitive. Thus, this tec=nigue has Seea ~=ed to ocly a few
laborarories loterested ix orizary stancdardizmzicn, lore recs=tly
With izproved tesperasure Twasuring devices - ~as Yeen used == the
Dedical fileld to zeasure T tivelylazge dos.us fo tissue. Toe
zethud =ay be ussd to seagu -~ h _radiatioz cse rates or tccel

—

e=1ssion freo a radicactis: source to deter=-c.. the activiey.

L.15 Health Phvsics Izseumants

In the following parwurraphs brief descrwniions are givea of
the lostrcests com=only uswed 1o the health nmweics professice..
Operatiozal characteristicy are stressed Tt Ihe purpose of assisting
2 the proper chcice of az _astrumest for a = "en applicatice. Measure-
ments taken with the izpronws {sstrusers oz vonily {otesprecsa:c can be
casgerously misleading.

1.15,1 Personnel “onlzoriag lostruzency

Perscacel soa_tors include any tovice which caz be

carriec ca the persom 0 {ndicaze or =e..i.re the azoumz =f

faclatien. Such dev:. :es should be lignt 9. welght, rugted,

stadle, accurate, anu cllow ghe 7os¢ int.om=ation to be
oYtaiced L=—eliatel . Tae f1l3 2adse L3 ctae_3ost widely

used dosizeter, altauw;h it MrEice dis.utvantazes sucl es
Tl_:}ted,}:;_,;e aad tha requirezeat for o= ;'.ss}‘_&: to obta~=
the dose loforzaticn. The high atemic =u=ter zaterials
ured it filo alse 2ais the resposse ver~ =uch different
froz tisscel Filters :zaa be used for ezue:Tgy cependence.
Fila can be used for neta-ga—3 or neut= 3T _radiatios, buc
Srparate eculsions ac: required. For guniizoss the seasis
tivity 15 low, the eners: spaa detectes wu=all, and the i-se
Tange very lizited. ..-ha radiatiom or -ov-exergy beta
porticles froz radic:.oiopes such as '*C. %S, or '8 wvii:
POt penetrate the par.: wrapper aroved zie fila and will,
therefore, not be dezwzted, Typical fils Salge charact=—

esigtic-arar—"r" o
Radiation Eser» Detected Smse Range

‘ Caxng — 02 = 20 Mev LD = 500 rem

| Beta — > 1.5 Mev Ol = 1000 rem
L Neutroa - 1 = 10 Mev Q= = 10 ren

The pocket cho=ber.is 3 jen-sizex icnization cha—ber
which requires an extimal charger asd —waler, The chazower
1y charged o a fixec vcltage acd ioms cuwused by radiatinm
are collected causing & curreat flov 13 =he chacber and
feducizy the voltage. The duiop 1o voltage is a seasure =f
the icaizaction or radiiicion dose. Pochaz chacders are a=

it S — —— v Pp—

o . — . S —
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excellent so=zlerect to £41° tatles Lecause they ==n be
quled 1V and easily reac at the e=? of az expesuTe period.
nowever, ©oa cormal ledadge CuTTest limit requires dafly
rggharging & they aTe sensitive 0 shcck and er—utie
readin:s. = .& usual razge of tie pocket chazber s 0.2e,

Paclia~ dosizeters are sizilar to pocket e =ters exceps
that theY cz=caig @ Suilt i3 e.&iiroscope vhich cis be used
to resd tie ezgusulated dose At a3y tize. This is ar advaat~
age 'hed tna Jose infeorzatics & zeeded ~a the Je< site. a
separate chuir er s reqiired as wizh the Pocliet czarnber.
Poske! «0SiZ:iers coce in 3 vartely of Tances from 2.2 - 1203%
a:.c.'-»-rx;:.;'z:f{:fg_;'gi‘ﬁ: fas: and therzal ceuczroes.

W . —— ——— — —

Chezizil or solid state cosimeters Say be -ed {(n place
of cr 48 a ¢ rrlecent to fil= taifes for perscnmer ~onigors.
Glass snd = zosizeters appeas ::. +€ =ost FroDis=g La this
respect. Th.x vice racze (up 3 I rez) of TLJ anc slass

} dosirelets, e stabllity, toe low atozic nusber, and tlie ease
"4 of re» . -out wre soze of the d.VAilajes. The z23cT JravdSack sz ™

, the rre-ent T.ze is the lack ¢f sx=erzial syste=s with the

flexiliiiley = £ils badges for Seasuring beta ané garsa
radiatton ¢ various erergies.

A oumicer of szall electreic devices usizz S tube
g detectirs ar: avallasle as persczel zoritors. = esc tnstruescs
cay exll 3 “.Z_2ule tone oOr tome. Tate as ag fccication of dose
Tate o1 QAVZ_iT alars wvhes a jre-sel ¢sse has veez Teceived., They
are very usaZil {Or work in areas viere the dose T1:e may Chazgs
with ttwe ¢ _2catioa.

Lrit-zality detectors are scretizes ysed i~ <onjuncticz
“ith {ils Sac: 28 oF other persszcel zocitors at fuilear igstall-
ations There Zevices are desizzad to Seasure the large doses
of pevtrons <-rzally associated =:h criticality as:zidents.

FENTPOREE SR —
v
R ¥ e s R o . — - ————, ————+ Y ———— . v — T —g— "

t They
wSually cono_ t of 3 aumber of_t-restcld detecters such as incis,
} bace 314, c.mius shielded gold, and sulfys. i e
1] — - -
i 1.15.2 Yortazle Survey Instrumeats
~
b

* using ewse toe of Tonlzaction chaser, The rance I these {nstru-

sents (V.05-TTTTT) LS most suizes for such surveys.

S 8 “adiaz=om surveys for ga=a radlaticn are wsually perfirmed
|

- —
'

o As noted i:=
the-pfe. cell=] Section the iqa ciizber {s affected Ty huzidity anc
has a alov rasoonse at lov dose Tates because of e high ispecazce.
The use of ViZTazir -reed electr=eters has great.~ improved tre
perfgrveice. ol tnese {nstrucents as? elizicaced t.e asplifier csife.
Host charbers are equipped vit: a tin vindow with 1 removable cap
for low ener— S%a or Leta raliaticn., The calit=>zion is got
accurate for ::ta radiation or zarrov bean aazma rauciation., So=e
instru~ents a-e capable of Qeasuritg an intepratec 3sse in adéizion
to dose rate. The condenser “-=eter {5 3 very acciTate {onization-
chamber usSin: 2 separate charzer azd reacer. It is used for very
4cCurats Qeas _Tezenls aond CI%&::'-‘OQ._

——

-
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3 Sciclegatjcnx letectors h}.gc ’:f:q—:c SLTe cormen for
Used 22 e gelee zol: these
fy <easifive and cx= =eazsuc: cose razes

used 1z zl.e curreat

\ .'e..-.g_;;;;% ey cas also Se
" =ode for very nick 2S¢ rates., One zirsadle i=struzent .

using & plastic

5642t L1SEST Nas a uwgefy) rfan;e of C.) -

1230 R/nr. The ezer;y response of go-. 2 -5, however,
S ———— .
[0t very good at low reuctiies.,

Celger-Muellpr fubescan e nead ae v Zose rates
altheuzh the response o _ygually Ve enercy .:cesdast. Very
SSall C-7! tutes “ave rrcently beew con eioped wiih can de used

. —— ‘.-ﬁx

W

1o si=ple ctreules it usS® Tates 13 =iess of E/hc. Tis
E¥Pe of tube 1s sozotires added as ac Fx1liity zzstcar to
XLl the ranve of 3 reentioral s.rvey zeter. e usual b

g P vy .
LRI R 4R -

S-S Saddapii, CORISSINIZANT 48 the lelles-iueller &
e T S 4 Y e

Survey ~gisis or SaSii il @ Tohte of WLae 12° - it e/=. -
The cf‘ tube =47 be eftler t.‘.Ln:«?_!f&‘(?aTl‘:I‘.;‘:"r.e’s§ A3n
end=rirdw (Blca wiris 1.4 - 2 25/s=*). The

tube is needed i al:-y cr lo: ezergy beta

ve cdetscted. For lars: ascunce 2f fixed com=
Cazination the foa char'er vieh window

z/e=®) or chia

>
-~

o 1

. o 4 e o,
<0 end=wiznd=x

raciatica is to

used, Ffreportional erwu:

SIVer remcved caz Ye

Ters are aveilai:rle usi=- either atr

OF Prepane as the countin: gas. The TTenters wiing air are

esing rrocane are very

Jf<i.‘.-! 3 AT

socevhat unstable gnd sensitive.to huss ity Sezause the oper-
g atisg voltae is close to the STreakdsvs volta-e, The counters
g enerladle bus s ovauhae c-lev Secause

LA STTETL IruOIZEARE3) onim-ies Mave i-e advantage
S — T ——— -
irea aatl” t:‘.:_'_f.‘.:::l-'s‘_;. :& 2TA="zylar) giving
8. ———2l S

of larze yi=ls.:

radizt.cn, . they

BOSL sexsitive beta SGrey Ceters av
“eteciors are also uge! for ¢
is a Very sexsitive S&mr

excalTone senitlivizy, ‘'intle eTirinall usod e~y for alzba T

fiave ber adasted to Siii leteciion and are the A

Alsatle, TFI: %
SREITLinATion sirvers. . Scdiuz ladide =

atillaelon

raciation de:sztor g-- sinz _sulfide is

useld to detect alrha fa .atiou. Plast.: Saea sii=tillacors are
e -

Available but are =ot a= '20d as C=! e¢ rroport

Yecause of thé T3F5e bacr

— e

.POUETCOURE Tite and =3 150 s‘c?\s—ltivuz-

- —

ounter are the

-

The ﬁf;,\prcpo,—:xm.d founter aad

- —

e TR
the 1t 2 fcintillacion

=03t oftrn used neutree survew S:iers. The BF, e
tube &5 sensiztve to _theal neutrons,

4 paraffin or plascic ToCerator 4T can
The 2ajor disacvantasa 1+ 57 relacive

interzediate ene

TZY neutrons wvhich cems

IF¥ surrcmdiag 1t th
Se used £-» fast_peutrons.
~=sensiti-igy to

==ise_a ~irge rart of

the ledfawd radtaticn Fron *iclogical $*ields. Correczions ™
=~ade to cG’-V‘ett“L‘._l__f}!.::_.‘.etcc;gd, 0 rea dose

also hawe to be
usiaz atpropriat
It has ‘:eenAfoun

€ RED values for the d:
I Ehat 8 10=12 inch

moderate neutrons imsuch a =ay_that tx

ther=al neutron

cetector in the center

I{erent e eIy neutroos,

POireatylens siNere wrll

€ Zount race for a
SS such a srhére will

APPTOXLZITE e Averse ot TNe U CTEY

for sueh am iast

reat cen Se cocverted

2- __Thus, ==& count rate

<irectly ¢33 dose 1a

——— —
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fezs. The detectcr =ost often used s a L{ I scizzillater

*Ls (a,3) The) - Ome of the zajor prodlems with =ost
feLiTon iistrutenis 1s the faa vackerow=md., The LY 2

*
-

4 Or can Jiscrizinate ajaiast La~=a radiszics ug Lo
about 2 N/hr aad the BF) tude up to about 1) 2/he.

1.15.3 Area fadtlacica licnitors

Area zonitors are usuclly fixed instrests to

contizucyily ocsitor the radiation levels i a cartain
location, Thev =ay Bave an auditle i3iicator, recarder,
femage iniicatsr, a3l alarm attached. Scizcillerion
detectors uiing tha currest =ole and hizheraz-e G- tudes
have larjely replaced ion chia=ders ic these iastrusen:cs

=
because of the siznle and =ore reliasle ¢lecsrecizss. The
wsial razoes are withis the sgaa of 0317« 10 3/br depending
on the_z;rlicatiss. Characteristles Tecessary for such
instruzents are reliadilicy, low drife, rapid response,
€aliSratica stavility ard ooaesaturasion in hizs raciacion
flelds. any alir sizcudts should be fail-safe victh respect
to detector poser or electrenic failure, .

s . iy iy ——

1.15.4 Air Monitors

alr ccoitors zay be desigrmed to filter the partic~
ulute caterial frem the air an? detect ary ceoatasination 1o
that form or the astual pas may be conitored, Lor=mal bacl-
Rround activity associased with %a and Tn 13 the air is a
Probles la any air ros=itorin: instricent.
the caruzel sctivity on the filter is allcowed to decay before
“wuisecretent. This, of course, delays the irdfcation cf high
levels of activizy, The ratio of Leta and alpna activity ia

fre Sackground activity can Se =oniscred and auy daviation uscd

95 @0 inllcition of other comtazfnants. 'here caly cce major

contaminant s present some iCentifying characteristic suc. as

beta or ga—a enerpy can be used to distinguish 1t from baclk-
fround, For gasesus contamizasts the sizplest conitor 48 a
fadlation detecter 43 a large volu—e of the 23s, e.3., a G-
tuve Lo a tink of the gas or iz the exhaust stack of a
butliding. e air {3 a facllity cag also be contineously
floved through an loalzagion chaber to detect low enerpy
beta exltters “hich cac-ot Se filtered, e.g., :'CO;. ’H;.
Such tastnments are, Nowever, iosensitive and are subject

ta {nterference from dust, scoke, etec.

1.15.5 water Moaitor

ialer =oritoring instruzents are used to contiruously
Sonitor effluents from nuclear facilities or recizculating
fractor coolant. Ia scme irstruzents a G- tube or other
dutecior s ;laced {o a s=2all sa=ole cha=Ser to asonitor the
water directly. Such instruments are too insensitive for
o8t uses, especially effluent streams.- The sensitivity

Ia sxce icsirusents
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car be ipcreased by cornzentratizg the ralicactive zaterial
Sy £1l2a2ing 2r oD emicazoe am2 30ritorizsg the filter or
les exrac.e ved. The cetector {s commaaly aila I
seintillatica (rystal ss2 to detest.a specific ecergy ga=a
ray to g’urgng;;g_g;c_!__;_ﬁ.;_rﬂ;:g anc ‘=prove sensitivity.

T e o sl

1.15.6 Laberatory losccruserts

Lealth phrsies lascratary Anstrments comsist caialy
of sensizive Zetscsars =3 zeasure the low levels of radio-
activity assoclated uiis- s.ears, vipes, wvater and air saczples,
dtoassay sazsles, ani csvirameatal sa=ples. “tere discriz-
iaatics agsisst differ-cont ezergy beta carticles or Scta a=4
alpha radtagion 18 revy.rel, the g3s-flzv proporticnal counter
is uscally used, Thiz =Sy Je in the o= cf an ezi-viada,
twe Pi “esisstiere, or zzuz 2¢ gomesisst type. Liguil sciatill-
4t102 cousters sve ver usefll feor 23::d sa=;les, ’®, aad
sazzles “here Yeta esersv Ziscrimdnn:iioa i3 zecessary. For
routine scear coustin: zaa sissle erd=vindow G-¥ tule s
usually suificient. A aow Dachgrouni ceunter is required for
accurate Zetercinagion of low 4ctivity sazples such as are
com=on ia Sloassay or .wrvirscsestal S<titering. Caseous
sanzles are wsually acaivzed ia fomiz2zi0a chazbers usiag very
sensitive elecirometers..

« e 7-""“\ .

1.1 Bilolcaical Effects of adlacion
= S=SLeoation

The absorption of radisi=ion iz biolo~ical systess and the asscciated
i9aization, excitation, teatlni, etec., caz Ceuse significazt channes.
The absorpeicn of radiaction coon ferz chemical Species such as lors, free
tacicals, and excited colecul.us vhiich caa cause extensive Jasage to the
cell. Radiation can alsc dc “irect dacage to cellular to=panents by
splittiag colecules or dazazuny gezetic Saterial. Dacsge to gemetic
saterial zay effectively be =a-nffted SY the exact reproducticm of an
abnorzal cell for Sazy gegeriizions, Che=‘ca. chonges ioitiated by
ratiation damaje cay centinue for relatively lon: periods of time after
the initial eveur. The sensi.Tivity of cells s variatle, dut in
stueral, cells with a high ze=abolic rate ani which reproduce rapidly
4Te Qore sensitive to radiati.rm. The sensitivity also varies with
certaln chemical cooceatraticms tn the cell. Large acounts of oxysen
can increase the sensitivity zo radiaziom by a factor of 2 or core.
vamy blological effects are imnse Tate Jependent. At low dose rates
the cells can unlergo scme rawvair of daage St large doses in a shore
tize can kill the cell and el ={~jce any chance of repair. Thus, for
4 jiven dose the effect is usivally less Lf the dose is delivered over
a long pertod of tizme (oonths or years).

1.16.1 Acute Radiacion Syrndroze
For haman exposwre o largze whole-body doses in a

shore pericd of time thw sy=rtxms of rallisticn sickoess are
characteriscic and follow a cefinite Patfern. The tera L),

B ——
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i8 used to =ryress the dose which will result {= death to .
50X of a sa=:le. The tize span for anizals {s wsually - !
givea as 3 Zays, For husacs (0 days is prodac— equiva- ;
lent to tie sasze period. '‘ithout =edical treat—ert the

| L3gs for =a= i3 prodbably 450 = 500 rem Lf the ex—osure is

| ceasured L= zir or 3.2 = 40D re= Lf czeasured at =ne ceater

: of the trus.. celow 100 rem the prodacilicy of ueath is lov
for normal “ersons and avove about §)) re= deatt wvithia a
short peri-: 2f tize is probadle, even with the est avatlas.e
zedical cars. Vith good medical care the LOso == ;robably
about 500 re=, The followiog table su=marizes —ue geceral
sy=ptons cf zhe radliatioa syndroce.

Sv=—zons of Acute Nadiacticn Syndrone '

iime after

= Dose
IXPpOosure
1000 500 g
F:::: Nausez and vomitiog on first day
Jausea, veziting, diarrhea,
fever, inflacation of
throas, prostration, de-
Second dydraziom
— ecactazion leading to
death
Third ) Geseral =alaise,
Heek loss of appetice,.
} loss of hair,hescizt~
hage, pallor, diusTlea,
fever infla=atio=. of loss cf appretitc
threat, exaciation 1083 3<% halr, ¢
\ leading to death =2 flac==a<ion of
For .o 507 of victims throac, pallor,
: week hesz=oTThage, :
diarrhea,

feccvesy bSeglss

1.16.2 Effeczs on Individual Organs

The —ature blood cells, with the exceptizm of the :
lyzphocytes, are relatively resistant to radiatium dasage.
dowever, the :rogenetive cells which pioduce the rlocd cells
are very rac.-sensitive and easily destroyed. As :the blood
cells are gracually used or elizinated there are Tww nev cells
to replace t=az3. The red blood cells (erythrocyt:ns) have a
long life sga= (120 ¢) and do not decrease rapidl”. Other
blood cells such as graculocytes and platlets havse shorter
life spans am: the decrease say be significant Lo a fev
days, These cells cocdat {afection and aid in blunod clotting — !
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50 their cdestricsilon leads t: ‘afection a=: we=2rraaging. The
sature ly=phocyte cells are 7ery sensitivs: to radiattics and
evec s=all dcses can cause a wuoticadble ra=uction in the
lysphoevte coums, The vascul.zr networl. =z= also be dazaged
by raliarion lealing to seccrniary effects =aused by iasuff-
icient %lood suz;ly.

Transplantation of Scme zarrov has been used on
several occasiz=s 2o renlace =ue Ylood fcT=ig~ tissues in
Fersons vho ral recelved ver: _arge ‘*hels sady axposures
(L322 = 400 rex). The Tejecz= by the Laz; cf any foreim
tissue =ales .15 ;rocedure 7a= risky 4z 4 4s used only
Viere it is fel: that recover z5uld mot :ze~ir “wHthour iz,
for doses of 5. + 1000 re= lacch s usua__:" caused Ly the
davagze to the “lood forring s=sans (usualort Secause of the
resoluzigg iznfezzion or Leor=_.aging).

The skiz {s also semsizive to radiition and will
show erytheza (ceddening) asca= 2cses of 21°-1002 rad,
denending on the locesion, enery of radlatica, coujlexioss,
etc. The skir =27 develc; a z_.ster, or -+ the case of
sarge doses, ti: skin 18 cesz— ed, requiriz; a grafr for
rezlacesent. Development of s.-z cancer =& 30C uncom=zen in
Persons vhio have txperiensed :..= "burns”. Doses of 17 -
30 rad can dazasze the hatr ¢:.licles acd tause texporary
epilaticn (loss :f halr). Grauser doses == cause percanent
loss of the hair.

Radiatics dacage to the jastrointas tinal tract
cestroys the prc-ecitive cells i=ich precuce the ltniag of
the {atestines. The linin; 1s. 22atinuoust+ removed by the
intestinal cortezvs and withcuz replacesez: cells the
intestines beccme ulcerated azc subject te ~<hydracipa,
infection, aad “e=orrhagins. oses io excass of 1099 rad
lead to death wiszin veels Secuuse of da=ac e to the GI tract.

Tie nervous systes is “elatively recistant to radiation.
Zovever, doses :f the order of 22,000 rad zsuse immediate danage
tO the central zervous syste= stading to cx.sea, vaniting,
couvulsions, ubBc.asclousress, un: death wiz=in hours.

1.15.3 Other Effects

Radiatice danaje can izcrease the TTobadbility of cancer
in Organs such as the skia, dliwd~forming =issue, bone, luc,,
thyvold gland, 4= connective =—.ssue. Rad-=zio0m also has a
“egenerative effezt on Lody tiws.es which S.zve received large
coses. This apresrs as a precacure "agins” =f the orgas or
tissue and loss cf functicn., Amother effecs of radiation {s
o0 the growth and Zevelopreat o rPersons exwiosed to radiation
4C 3 very youns aje, especiallry Lo utero. senetic effects
have been ocbservel in plants amz ani=als as high doses. Complete
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! T™he above li=its have been adopted as a federal regulation ico
10 CFR 20 and as state resulations 4o S9sc: of those states 'ith
radiation protectiom resulaticms. Liziter on coccentraticn of ralio-
! active zaterial 1o alr and vater are Saseu. o= the adove lindes for

) the organs iovelved, That Ls, continmuous..? verring 3t the zaxioum
per=issible comcentration would give the saze integrated dose to aa
orpas as froc external exposure at the cCiose linits asove.

1.18 Population Exposure

Zadiation exposure of the pepulatizo=-at-large 1is due to
satural radlatiom, mas-made sources, asd esviremmestal cortazisation.
atusal sources srocucing extermal ewsoosurc are cossic radiationm,
racloactive =atertal {a the soil, asd razcoo= and thoros ia the air.
lcternal soutces of radiszion are radi= and radius daughters, K=40

and C-la.,

hatural Radlatica-

Sources Arsuual Gozad Dose iz =res
Extercal
Cosalce 28
Terrestial &7
Atzospheric 3
Iaterzal
Q‘K 19
- 1.6
2n-To 2
Ra ' - (33 for bone)

“an-wade sources of radiati{om incl.iie cccupational exposure,
lusinous dials, television receivers, ec2.., but are mostly =edical.

Cstimates of mac—-wice exposures are:
sre=/year (jonad)

ledical-diagnostic - 28 = 150
Fedical-therrputic 1 -3
‘ledizal~interral <1
Oceupatinpal <2

Eaviros—ental contazination {s mai=:ly frco fallout. The
average anuual dose is preodably less thaa: 1 ores.

1.19 OQOperating Procedures

The following are jeneral suggestizons for morsal operations. Thie
4 tecoumeniations «ill not pecessarily appi.y to special situatioans. Iou—
! ever, {f the reasons for such procedures are borze ia =ind, sethods fwor

Al .6-

O!

o
O
~0

LR




——

dealisg with a_=m-st a=v situaticn vi > be obwviscus.

1-32

1.19.1 ‘%czi iz Contaxaicated or Radiatiocn Areas

~=e of to2 first crules Zor workioy wils radicactive
=aterial -r {5 ni;=-level radiazion areas 4s £ elimi-ace e
ulexpectasl. Tlaz zperaticss arcal of tize, maws simylated ot
du=y ruzs, and srTecict the cocus:iions of the s . eration to e
perforzes s3 thaz adequate prez cTation caa be z.e, Soze
allovance snouls alvays Le rade for unexpected ~ccurrences
such as lsars, STeakare, etc. ~f vork cust be ‘erformeld i=
4 contazicitel area adeguate per~ssmal protectisi [n the fcr=
of shoe c~vers, cosveralls, glovas, respirarors, ete., shoul:i
e provices. Tha speraticm shonll also be co=iucted ia suse
& way as I: =lal=_32 the S;reac <f conta=igati-:, (Cloves
stould Ye «om vies handlizg comzazinated mateT.al and tals
is especiilly t=zcostant 4f thar: are acy dreasy in the skis
of the laz_s, ‘'ere radiation _zvels sre hiZS rvery zeacs
should e _sec to reduce exposu=t (fize, distan.s, satelitzz).
Effticient -lazaix; of operaticrs cao drasticall' reduze tae
exposure Toze, a=i use of 3ll 1vgiladle shielisl: cap reduce
taciaticr Zevels. Reoote handlozy vill uwsuallr :alyce pers—=el
exposure s.oanlfisostly. Where t.ue extresities lan Se evpose:
to Righer reziaeist levels thaz :ine test of the ‘ody, suprle=
cental zz=_toriz. should Le provrzed. When led. !ng contami-aced
areas al-xs was- zhe haods aac zneck for comtiv.astioss on szads,
feet, ani :lothi=;.  iNere worisz: tize lizits :we Yee set,
they shc._: be siriztly followew.. Any unusual rvents or
Suspectec sverexrosures should e reported £o Lo lealth pavsicist
iooediatelr,

2:19.2 Siusveys

Susveys suould be perfoc—ad as often a3 s necessary to
assure thaT radiatico and contam—zation levels iie within the
worldng l:iz:its. <Contazination su:rveys with a f.lvey meter arve
greatly as:=4 by esrphooes or czner audiule ioc.. ators of
counting Tite. T« survey zete: should, of couT.e, be sensitive
Lo and cal.crated for the radiaz—on present. F:: pixed filelis
of beta, [ amma, asl seutrfon .adirzion core thas .ne iostrusacz:
Bay be cecessary. Aa {ostsumenc with sufficles: ranze to ccver
the zaximuz dose Tate expected s.ould be used. l-astruseats
shiould be zzecled o see that thev are operatizg rroperly
before eszaring thie survey area. -iormal GMSM L. :rusents should
A0t Le use. 1a hiz:s radiation areas because of Tie gaturatios
effect. -ooever, many of the cewer QISM instruments have cirsuits
to prevest tais efiect.

1.19.3 Jecontamtzation
Cecoatamizazion procedurws should de desi:ned to

prevent the spread oI coataminats ou and tO Procuce the least
“ount of vaste cacevial vhile effectively clean:ng the
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costazinated area, Tae availahle =acthods for deconta~ination
4re tco —any to list. lo most cases of serious ccztazination

4 2ethod desljnec especially for z.at case is best. Ia
general, cleanics is done froc tre arras of least contacination
to tie =mcre highly comtasinated avesas to reduce the spread of
racicactive zsterial. Cleacing 3:lutions anc scrubbing agents
Sust be cracred often for the saze reason.

S«in decostaminaticn is scretizes very difficule, because
the zethods usel sust pot injure =-e¢ skin. The usual procecdure
is to scrud vith =414 scap soluti:ns first and then progress to
stroazer cleanin; ageots as required. Fazd lotion eor ofl should
be frequeatly applied to the hacc: to preveat dryinr and irritation,

.

1.25 Re-culations

“se of radloactive =aterial, sucliar reactors, and radiation
Procuziig equipnent is closely reculates Sy state and federal agencies.
wlife Zasic reryliticn for Jerscans exploved 13 the ate=ic ererzy iaduscry
{s Tizle 13, Code of Federal Regulatices, Zart 25 (1) CTR 22) entitled
Staziards for Protection Afaiast daciazioz. Other i~porzazt parts of
tie ‘ederal rerulations are 10 CFR 40 Lozexsing of Source Material;
10 €77 50 Licensin; of Producticn aad U=l112asi0n Facilicies; 17 C®2 55
Operszor's Licneses; 10 CFm 79 Special ..clear .aterial: 12 Cfn 71
Packasizs of Naditcactive .atertal for TZazsperet aad 10 CFR 10D heactor
Site Criteria.

2art 23 lccludes the maximus per—_ssible cdoses and concentratioa
slelits for occupatlonal exposuzre and f:= the vereral pudblic. Requirements
for s .rveys, sersoznel =nitorizg, poszizs, ladelins, storage, records,
¢is;csal and reportia; of incidents are L1530 ziven. o atte=pt will ve
sade 2 suttarize the reculations here as it would only resule in
dupliczation. The repulation ts icportazs enoush to be seudied {a detatl
io 1is legal for: and a copy of 17 CFL. 27 i3 included for that purpose,

The shipnect of racioactive zatertil 12 interstate coz—erce is
refu_ated by the Depart=ent of Transporzezton (D07). The rerulations
are cocified under Titlc 47 of tiw Code .f Federal Repulaticny parts
171-170.  Agent T. C. George's Tariff .c. 19 lists the regulations for
trags >ortation of explosives and other Zioagerous articles and the
speclliications for shippiag contaisers.

it should be noted that all the ati-ve regulations are subject to
coencizual reviev and chacge and care showld Ye used that decisions are
dasec °on pdeted coples of the repulatiors. Subscriptions iacluding all
supplements are available for 10 CFR and T. C. Ceorge's Tariff.

N g vew—y g —

— gy -

o PV I it e SP TPv =5 v v g —— . —— " Y—— Sy s W —— | o gy >




o s W il

1-28

Sut cuamses {o sex ritio ve—e
£ the survivors of the ato=—> doad

wcemmended 1izits for exposure o radiation have bee~ reduced
sigaificazt'y over the past 4C years. ™e recoc=gadatios o the ICR?

Jv of a lizic of 0.2 R/dayhave iucreased over the yearsz o the

at 1i=it of 5 rec/year, liore of :ine reductioas -as beem =ade

e of evilence of damaze from weriizg at azy of the liz—:s. iov-
ever, as more Cata nas been accwmulata om the effects of ructact

and as the zmumler of perscns exposed 1as increaseld it vas Tiusught wise
to reduce the lizits. The dasic reas:zias ceing that expos==3 3 large
mz=ber of le to a scall dese is efu-.'vcle:t to expesing a4 ssall

ce dose. The veighinp = sefit and risk has zlso beea
hus, the popula..o—:-a: =l.8? gc does ot benefis s =uch

°n source (L.e., reacter as the radiaticn weor:‘er and

ce lorced to take the sase —isk, Ueficite recos—.=latioas
have oct yat “;ee:. cacde for exposure li=-zs for -ﬁ..m populac=ons., This
w11l bave to be considered ia the rea- Zuture iz cocjuccticz with the
srowing use of nuclear energy for elec—=ic pover and other -wnes.

N
': csidered.

The groups usually considered graw> onsidle for establiuniag
raciation expceure lis zs are the Intermaticnal Ce==ission = Radio-
losical Prorectica (I v the Lationa. Council cm Radiasiom
frotaction and ..cux.ru:c:.c:. (U'Ci?) aca the Federal Padiaticz Council
(FAC), which Ls aa adviscry 00y to tiwe Fresidezt of the Uszs.ced Staces.
e present recocmended li=irs of all Toree bolies are esse=i=_ally
identical

Maxiaous 15515A2 occuracticn T34 scses and concCentrat__-ns are
s6t 80 thet (;c e 15 a oegligidle proc.azility of serlous rac._ation

—eietize

-daze (sovatic or genetic) for a perscs wor kizg an entice
(53 yr.) at those lizits. There will i-<ays, hovever, Ye a szall
probability chat an {ndividual will suZer serious da=age. mo
atce=pt 15 zade to place the risk om a level with or less thum that

assoclated with other occupatiocns.

[he present recormended permissitle dose linies (IC2P?) Zfor
ccupational exposure are listed delow:s

Haxizun Dose Annual Termissibdle Accuzuliced

o ¢ _Rer guarter = lmse Dose to wze N
Red bone narrow 3 5 S5 (N-13%
Total body 3 5 S (N-13)

Head and trusk 3 S 5 (8-18..
Gonads J S S (N-180)
Lenses of eyes 3 5 5 (N-18%
Skin 8 30
ibyroid 8 30
Feet, aakles 20 7
dands, forear=ms 20 o
6 350 : Wi i
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IMAGE EVALUATION
TEST TARGET (MT-3)




IMAGE EVALUATION
TEST TARGET (M1-3)
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Ia crder o uniirscacd apd agcrraciate “;cl;:. shysics 332 res-gor
kinetics, a gocd frunzaticn in the rrinciples cf Sasic physics =ue¢ be
established. ThQ ¢asicst apprcach to this usder -ni:na is to firsy

t hencmana vhich soerround us L= our everyday le;,
préncEin2 by ocans a‘ t*a lazzuase of mathe-agics.
tagic prisciples of hysicr, €n¢ cap than fey)
Siviate 13%0 =cre eozplex ,uvs:-s.

r

cntal guastitics are recuirad oo set Uy 8 SyStens of
~nils set us derends uroa the cHolce., Most
azal guentities sro lemach: =uss, snd time.
camental quantitics uiilizcs length, force aud

ent.of the nlace at vhich co-re~veticn 18 2ade,
units Based on lemcty, masr: 2 ! tize is ca..qg

Ie the alecTmative ehcicc  Lerpth, force ant
nly chesen L8 @ rravitasism.as forece, OF welstte,
of uatts 19 salled 2 “"grovizozicnal" systes.

Iz the Crs svstem, the cersizeter, sra=, 3m: sczond are the
fuzdazeatal Lnits. Ia the British graviczssiomal sveta the
fucdezinial woit, the peund (1%.), {s 1/2.2946 2a. force with which
the <arth pulls on 3 stamZord kilsgram. I3 94 ~st.a we 2efine o
uait of s3es called the sivz, Tha sluz s the =are to vhich a foreg
2§ ofe pound will pive an aicolazatics of oae facs PET Sicond pet
secend. A Z2ss of 1 sluz velghs approxizacely 22 IS, (at the earthg

wrface).

It &s urforzunate that {n the diffcrent sets of uaits the sate
werd {9 used to 2asfzeita a cntr of -ass 12 one :.:, but a uaic of
force in another. ITherufors tn Rasic Physics sec=“on of thig Sozk
s shall expicy onlv the Sritish gravitational svezez and tha Cis

sbsolute svetis.  Shiniver the ters gras is usdd, 2: w11l refor to
=2s8. Whenover ‘\a term pound {s used, 1t will seier to force.

2.2 Mass (Uaits of Crams. Rilogracss)

Mass s ccfincd as that property of a Sody umich resists a chenpe
‘o zotion of that body. This simply =cans that 1 szCy which has gasg
#3111 restist beins =oved Dy a force. Mass 18 indesendent of the placa
2t which the odbservatica {s =ade.
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! ef the "ize Sotwion suzsessive STansits 9f the sus across the
Seriix= a3t any plica.  Thus, Se Cizme iT Cakes the earth to Timm
§ S22é ST 135 axds, wAlE reezéEsT I the sun, Serves 38 She basss
$ar tha umit of vise.

VO oo

¥ = wvelsht of & mndy iz pounds

where;
2 = zass cf a2 besvr in slucs

8 = 2cceleration of 3 frealy fallias dody
equal o 32 Z=/sec

2.6 Nevien's Liws of Mazien

1. A ncey will rainzafa =5 state of rest or ¢f unifer= =scisn
alemp 2 straizhe line :mless cenpellad by scme unbalimized
fsrce o cRhamge that sitarve.

2. An ombalanced farce F “Siing on a dody rroduces io iz za
dcceleration which s 2o th directicn of the fcrce am:
Glrectly propaorticnal =~ ¢ force, 2zzd iaversely
sTepcriienal o the sasis of the body.

3. To everv acticn, or formze, there is an equal and cpposite
reaction, or force.

2.7 Ferce (Svne, Psynd)

: Rrénewel an unBalanced for=< acts o a body, i produces ==
: acceleration {3 the direcsicn of the force, an acceleraticn thas 4
) is directly prooorczicmal to the <= t¢u and inversely properticnas

Lo tha =255 cof the

Secy. This s a iaw kscwu as "Newton's Sec—maz
Lawv of Mstics. :

If successively greater for—scs are applied to a givea bedr,

corTeszencingly sreater accalerzizisas 2re produced. A ziven fzTze

| azplicd L2 turn to bodies of Sucizussively greater zass will Frosuce
successively szaller acceleratioms. The accelayaticns are iovarsely
proporticral to the zasses of cou bodies,
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ASTOrciag o the secosd lsv, the fcollowing propertions z2y be
written

2« F and a=xl/a
T™hese zroperticns zay be co=bined as:

a«F/m

3 -

and written as an equation
F=kma .

Any unit of forca, cass, aad asccclerzticn cam be used, provided
the proper valus ts assigned to the properiicnelity constant k. Ino
feceral, 2 different value of k would Rave 0 be assicoed for each

cxbinalicx chosca., Sar sa=pliciey, it 1is Custozary tc u<e a systex
of units for watlsh k has a value of 1.

2.8 Velcaity (~=/se. £t/sec)

e sizples: kird of sotion chac an ebject ran have is unifern
@OTice @ a straizht lice. Ia «very seccend the bedy moves the same
distance ia the sa=c dircesiom 25 1t docs in each other second. An
ediccet =eviz? iz this =ian

-4

€r 1s sovizg with gemstant ve'ccity. YNote
that csastase veloeity i=slics zot cnly coascaat speced dut unchaazing
dircction as wall,

The sreed of a evin

cdy 1s thoe distance it soves per unit
tize. If the s;ced 1s un

-
oro, the object moves the sa=e distances
10 each secend of rire. Wrhether or not the srecd s censtant, the
Zicizic speéd is thi <istance hae bedy meves ¢ividad by the time
required for the motica, '

-
<
s
‘&
-

Average speed « 5&%%5%&3

Avg. speed = g/t

where; s = ‘lstance
t = tise

If, for exasple, aa automobile travels 200 at. {n & hr.
Its averase specd s SO =i/kr. Ia 6 hr. at the race
average speed it would travel 300 ami.

The concept of speed coes sot iavolve the idea of direction. An
ebject movicg with censtant speed mav nove {n 4. straight line, in
8 circle, or i3 any cne of an irfinite varicty of paths 0 loag as

the distance moved (o any unit of time 18 the same as that sovid ia
any other equal wit of tipe.
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For tha oresent we shall cozfizs cur attentisa to the sizsiist
t7pe of acceleratid monizg, callael s=iiarzly accelerated =otion,
= which the stead chasges 2t 8 zs=szose rata.

Io umiferzly zc:clerated ssziz=, the accs.c'a'ica is alnays
S5¢ saza anc is rarallil 29 the czirestion of the ort giz2l xotion
Thi eccelaratica in this sas: 3 #7221 T2 tha rate of change ot spesd,
$i78s there Is 20 clargs 13 dfrescide. Tha acceleration is callea
Fositive 1f the speed (s incraassc, 2<ezz2tive 4f the s;eald is
SLilolsec.
~ne distaaca traveled duriss =y Si=a s fiven as s = :&. but
e WeT3IC steed v rmust be chtaz-=zi fro= sha initial aad fizal
£58 V. 32 va. Simce the $piit- 2na22é8 4 @ unifare rate, the
TILC SPeeC W s ejual o tha rrarage of tha {=mittsl a2d fimal
cuvds Or:
T, ¢y

SE3 an 2utesetile =ove 43 10 ces. while 2% $»
§ 115 spéed unmiicr=ly frow 15 to 45 =i/np?

T e )/2 (15 +68)'atsr e 33 =8i/ht = 44 fg/sec
ani s e L& fr/sce x 10 sz @ =0 fec.

" = siur=fage.
e * s€C .

r % B, 22zes3tu= ¢

o
&
RTINtus {s the suzstis y of =iigz ia a dody and is exsressed
28 The procuct of thi mase aad we esz2ity 3f & body.
Memanlum = =ass x veloeicy

CT P = gv

Zxazple: What 3 the comentuz of @ 199 id. sh-11 as 1z lcaves
8 gun with a sjezc af 1227 %:/sec?

100 1, "

3 eylpge T 3 * L1 slugs
3

32 ft/sae
Peove (3.1 slugs) (1222 #¢/52¢)

= 3700 slug fe/ses
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Yomeamus 1S 2 viZIdr guzmsiT~. Ias Zdirectiz= is tha: of the
viiccify. To find thl momiztuz 7 2 srrtez of Tws or morc bodles,
we Zust adc SRELr =toamta vectorisily.  Comsider Twt & 1Sl balls
SOVInZ ToWAISC eich ciMmar with equal spiels of & £z sec as shows
below:

A 3
g " :
/ N\ .
o e, & e 4

& fe/sasz - ft/sec
The zass of cach s ¢ 12 slug. To: moze=cum ef A =s:

?o= (&/31 sluz)(4 fr/scc) = C.5 slug-"'uc

a
tc the righs. The comcntus of 8 4 at=<® nly 0.5 slug-fe/sec to
the loft. Thne vectsr suz of the —vo is 22T0, sad uensi the =szentu

2.11 Coaservatis=~ of somentun

fecsreing 3 Lewzoa's first Lew of =a2icn, vilseiey of a
Dody dees zivt chanre wollss 1t 45 msced <>3n by forcs. Sinee
the cass of zhe dedy eonstane, W fi=22 thas zéntua does

-y s.‘...

L CHantE Lrmiess an artaread ferz: zcis aom g
statcsent tmas the S0Z.ziua of a Sy, et syste

2ndy. 06

= ¢% 202dies, deés not
Chanze &xsesm when a ¢ ¢Xternal :'::ce =3 2zrlice -s 2nowm as the
"lav of cimsiesvation =2 =sas seatus,”

If an axtermal

frrie docy acz upen 3 systez =< tclics, the
so3entum of g svstex s chafrcd, dut, 1= the 2ToC 38, sScae cther
SE€C o1 Doclas =Ust faiz (or lese) = acce—< of meziwtz~ ccual co
that lost (o zaized) == zhe syst..-. Iz <vory proc.css vhers velocity
i3 chonred tme accent.s ".ost by e=u dody s set 0f :>3tes is egual
to that ecats 57 2n2itar beody or sw: of Sadies.

Yomentiz lost b7 . e somomtum safned by 8

Comsicicr the twe r2lils showm cerller. 1If tha~ :ontinue to move
toward @ich mther, thov will collizx and iz 'the collision each will
exert a ferce a3 the 23a58f. The memwatis f the s»sz2= of two balls
Is zér0 defore the (mpezz. If ehe nalls 1re "alas<-:," cthey will
rebound and =Tue corservtiion law T:ruires that the :veeds of reccil
shall be cqua. to sach ~ther (bue =2t utcuu.rt.v eczal to the
eririnal spees) so thaz :.".e Seentus of toe systes =a-ains zero.

If the balls zre ~erfec=> -y inelasti:, thera will de T rebound, and
the total =c-unitus of == Systan wi_D still reaaln zico.
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Ixazale 1) A 2.0 22, Sullae 15 firad frez 2 10-1%. ~ua with a speed
ef 2200 fiisec. Whuat 4s the sreed of recoil of the Fua?
> g The zomcatus of the system of sua and dullet 15

Té tha ruz is fired 202 thercfore =ust te
the firin~, Fecce the msmentus of the
2 1s ¢quzal {a marzitude dut Cppositae iz direction
s of tke bullet.

10 1%, sua

Where: 37 - 2
32 f3/sec

) ) i ¥

2 ® 2 c3, hullae

32 fr/sec’
Vi ® speed of receil

Vi *= spead of Sullet

¥-vp va/e w:
- — o V. =~ gy
v = - NG i vy .2

2116 ... : )
vy = (‘TE-TET Y2002 fe/sec) = 25 fe/s¢e)

Exa=ple 2) Tuo ‘-etascis =28ses of 16 and & crazs move {a cppesite
Sirciiicns <ith velocitias of 39 and S0 czfsec
Tesrectively., Determine th. resultaat veiceity v on
eollisgizn if they are stuck torethar.

Tomentis before impact o comcatus after

15 o= = 30 c=/sec = & =X 30 cz/sece (16+44) snx vy

-

482 -f:%— = 200 o= cx/sec o (20 r3m)(v)

280 o= o
o 280 o= c=/see " 18 salsea

J 2 Smmmme———

2.12 Centrisetal Farca (Oynes, Founds)

"hen an object 1s =cvine ip 4 cireular path et constant speed,
its velocity is chanring because cf the contirual chanz: 1n
directicn. accordins to Newten's lzus of aoticn, therefore, an
untalasced force ‘s actire upon the cbject. This force, czlled
the “centripetal forece,” (s directed tcvard the center of the

circular path. The =arnitude of the centripetal forze, therefore,
is vivea by the relation:

I1C

r_s
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centrizccel force & =288 x caniripatal accalarzcien
F_o= =vi/r
3
vhere: = = 2233 of =cviae ohject
v = ity lizear valosizy
r « radivs of t"s cireular pezh
Exz=sle A 10-15. stone, held i a3 hovizansel circular sesk by 3
scrins 4,0 f2. lome, =oves af & coustant spead of 8.
ft/sec
rind tha ceasripetal fcrece.
itk & 10 1%,
S S 32 fu/sec?
2 1 < 3 )&
Fooe D o 301D (8.0 fefsec) , 5 g 3y,
< 3 (32 £2/sec~J(e.0 ft.) i

A 337123 that consirains m obfect to 2 civcular path exests
33 tAe €T i2t the centrizetal force that cham~es the velacity., 2o
Teactics :zreinge this chanre of sotien, tha ebject pulls cutward oo
the seri ith 2 force’called the cantrifu-al reacttion. This force,
wolchl 15 ererzad By the object iz its tendendy to ccatinue alsze a3
Stralskt Tz21h, 4s ‘ust equzl 13 =a~aizuds £z the imsasd (ccateiretal)
force. .
2.16 worr lare, focz-ncund)

et

+9€ Terw weork used in physics is restrictad co casce in waich
there is > force and a2 displocesent a2lear the line ¢ force.

Work = Fs

—_t —
box is rushed 15 ft. alsn> 2 horizental flsor 2rainse a
riceicoal force of SO 1. Fow =uch work is dosa?

Exexzic:

" Yo

sork @ Ts = (50 15.)(15 £¢.) = 750 fr-1%,

2.15 Ezg=rv

The 251lizy to d» vork 1s called "enerry." Thoush enersy can
bde cedthas zreate’ ner destroved, 1t cea exist im sa2ay fcr=s 2ad caa
Ye transiz=ad fro= one form to amesther. The ENELTY peossessed by an
nbject Bv wirzuo of {ts =ction 18 z2alled "kicetic ezersy," or enercy
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¢f zeelom. ZInerrr of sosition or comfiruratica ie c2lled “sorengial
exerry.”  Iimss thc chameg 4o the Rinetic cner~y -p retensial eacr-y ,
18 coual I oihe work dene on a dody or ercun of Ledies, it fo)lows -
N3t the wmits in whiss enérry is expressad ave (v g-1g snits osed 4
fcr vork. i
]
2.1€ ?sta=cial faer~~ E
4
= &f potentizl ence~y is ~ravwitericaal :
0t the garth attracts evary bodv, wstk is
requ 18t tha ? 50 2 Rteher lovel. When 3 Spich {s i
CaTTivd B ng i cf & suildiss, the work dose vn the Spizk :
(wei~ne o2 na brigk tizes vertical distasce) Féiirsents caerry 3
that cea b sepoversd Sy vizeus of {ts prsition - the 9p of tha -
Yeildine, =ng brick FoSsasses a c2zacicy v doine work. It has
pefential imirey
P.E. ® vh (‘oot-pounds) $
?.E. ® =g (errs)
Exazple: o 19-1b. szomc ‘s carriec to the tep of o Buildins .
=% S, Biph, EBsow cuch does 1ts pote entisl encrry
asTesss?

P.E. @ Py
P.E. = (20 15.)(100 £2.) » 2020 fe. 1p. :

In adzisien co gner ?x of positien cor 3tate; '*jec:s o2y !
FOSSCas &naTow dug s thelr :ot.*ns. A czr or bulyse 13 cctimm, h
2 strexs o VIlir, or 2 tove lvize flswhcel FCSSeStee pinotic
enerry K.I. The kimecie CRErTy of 2 acvine object can be ‘
BEISUrEl 57 Ine amcust of werp 4 will 2o 1f Srav g g resc,
€r Dy the mouat of verk est 7i22lly needed to fmparg the kinetic
WET"Y Lo i=.

i G —

KL = (1/2)<§9¢v2)
R.E. = (1/2)(a)(v?)

Exazple: @kit is the kisetie eneroy of e 3000 1b. aygomobile
et

¥ is mevins 2t 30 mi/hr (44 ft/sec)?

- 1
BT e (D& 2 e (1123000 1. )(“ rt/secty”
32 lt/sec‘)

T ——

E_ZT. » 51,000 f¢-1b,

~e we

T I S | ———————; vy g T e p— . e t——————— ———y,




i - —— . — v— T . it . & . g,

2-11

Note: 3 3 zviss 523y s estomes Sy 2 unifor=
£2re9 T, the work d:ime i- $T2773ia" =us: ke
- €3432 2 tha wimetic coerey.

Fs w1027 whare s £s the distance requira?

Exancler Whag svirire fozea is a cessary o stor 2 bullet :
2f 22335 10 = and spcad 250 o/sec as it penctrates :
waod 23 sistizce of 12 =2
Fs = 1/ =i

(FI(I2 e=) = (1/2)(20 ~=)(25,000 c=/scc)?

- 2
=52 x .0° dynas

2.18 Beat 273 T smerasus
Feat and tumreraturs are sTedadly the most sisund:zrstoed
TaTcters. st layTen will te=d to €quage the meaniar cf
héxt a3l Cimzerciure. givever, they sre abt the sa=e. Poaz
is & zz25ure of cniroy amd temperature is, qualisacivily
SPecxia® 2 zrororty wRich sovemns he dircction of flow of
heat, Timoerazure usually is cessured by compariscon with o
$Tandard Bolv 2t o kmiwn tomporsture. Al Ssterisl s =ad¢
7 of aolesules. These =oleculcs 2Te 21l 22 2 stite of raados
sotion withic the 5adv of material,  1f hest wrre 34302 ¢o the
S¢dy of aoterizl, the rimdas =2iicn of the oolocules would
insrease zush like 2 suars of €xciteld becs. Since ezch »
aclicule has zass an2 i e Soticn, 1ts smersy thec s ics
RIZ7EIC e23ryy o0 =ozizs, The total ¢nerry assscisted with
the randcs soticn af b . Clecules 1s wvhat g =zcase Sy
Beat. Since the molazulis sre 18 raadea sctisn, acet 211
the aclécules vill Rave she same kinesic enirsy, Sut she
2VEIlrte kinetlic (rurry ;er meolecule €an be ciasidcred tae
tezperatura of the bogy. :
Tezperature, 1s zioticned earlier, is usually 3
CEo7arisca with :rither szandapd body. Two such dodies are
the recperanuse of frozen wizer and bSciline wvater. 02 the
Fahrenhois scale the freczins and boilise temperatures of :
water are 32° as¢ 212° rescectively, 25 co=parcd :o 0° and i
I00° sa the centi~rzle scale. The tesperature conversica
between Fahrecheit and Centierade is as follows:

Tecperatur. 1 °C e §/9 (*F=32)

————e e ' ; s R .
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A, Gea
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=11
Exasplda: If the sempavaturza of 8 rocs 4s TO°F, Bt 1s it i3
eedls of Tinciorzda?
e % % 30
e 213 (70 ~ 32)
i ol TR el Lo
Aedd AVarzdes's =o=bip
an 2ton fe 2 vary s=all particoi (epozomimacse diacetes o
197 ¢3). Whmewcisso, it 43 somecivablie thet asy saterial substince
13 =2Ce up of b1ll_cns =nd bdllilcrms o atoms. The quenticy of any
scistance wnlich Nis 2 >298 I crars zumerically cgqual to s 2tozic
ce melecvlar weisn: s silled omc erz ata= Or cna eras =sle.
The Tmu=iir =7 azo=s ot eeliculas
=cle is called "Av:~a2r:'s ausher” &z
PET PrIT 25T Or o licull per gram DCLa.
Exazgle fL. Fiad the nusber of atoss ia § rr2=s cof calciva (Ca).
8Lo=22 nass of Ca » LO.C2
theriiore, ousder of aterms =
23
( :-!-) 2.92 » 10° a:a*.s)
¢0.08 o’ atem
bk
= 7.51 x 127 acoms
Exezcle #2. Find the cunber of moleccles ia § crecs of %aCl (salt)

e=iT =asy of Na «'21.0

22535 ¢f Cl' e 35 4¢

2.20

Coulozb's
eleczrical soins

20TAL 58.6m

the nunber ¢f wmalecules =«

(5 = )(6.02 X 1013 sc_ccules )
ol o oole

. b 1022 ~cloculzs
*l*

v
e ———

Couleosb's

Lae 1s 3n experizental law which scates that <f two
T-zivrés are placed 2 cistance ¢ zpert the force oo

B

it e e e g - e e e g e e . .
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- sveiznzl 2 the =rasuit =¥ the two charpes aod
ti1Imal to the s-uass =F the 2istance between the=.
- _£~‘\
y ) e
F - ~
r‘
§ g, = mrmainigs of TK starzes
r = ¢iztanc: Setwes2 Two charsas
F o fr-ze o= aither =2T7€
- oo S S v o — S .
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“itt the ever lncreasin; ouzber of reactcr pcwver plants Seing |
coasIructe’ thrz_ghoet the world, the demand fer reacter orerators -
4nl s.pervisirs i3 beginning ¢o increase. The re: sonsitilicies of !
thesez pers:ns are jress; and, therefore, adequate traiaing {n aceas
of =uzlear zhwsic hezlth phvsics, reacteor kinetics, reactor
4% b - TE2ILOr Creraticn is requires. The =ore knov-
ladca se areas the dezter equipred he s to Randle NHis
% 2 ent and safe =anmncr, and the more valuadle he
becen try or utility he serves. With this in mind, let
us §°

3.1 Suilzfiae Tlocks of MMatter
.
The =aterial vorld we live in is =ade up of cne or more of the i
basic 10] zlezem:ts (See Table 1). 2y cozbining one or =ore of these i
eleresis, ve for= cozocunds such as the cospouad salt (NaCl). 1f ve ;

Fac 2 graz 2f salt anc then suddivided the gra: of salt ot to a \
poins “here we "2l 2 sirgle atoz of sodiwm bound to a single atos of
chleriae, fles w2 san say .thal ve now nave a single xolecule of salc.
Aoy 2ateriil, wien subdiviced into the szallest particie, naving all
the zToperties of that elexent is calleld a2 ato= (See Figure 1).

-y seg. -

one atom
of chlerine

-
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Figure 1
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3.2 *he Atcs

The atom (See Figure 2) consists of a dersly populated core
calls: toe aucleus (epproxizace dia. 107'? c=) which contains protons
arc T neutrons which are tightly bcund together. The oucleus s
surro ncded by electrecs, m=uch like the zarth ordits the sun.

~ -
/Y =D~ \3\ -
”
/ / ™ \
/ / 2DY=r \
e ~ '--y.";"-‘ \
v\ =233 1 °
\\ \ Lt WAL ’,/ ¥ a = electrons
\ /' p 3 * nestrons

ON /-9/ ‘ <\ e orotens

Figure 2

“he proten is a positively ctarged particle (+1) haviog a charge
of =2.3 x 107'° eovlombs azd a sass of 1.6 x 103" crams, flectrically
Salamzing eacn pesizively charged ;roton in the nucleus is a4 nejative
ena=: el electren (-1) in-orbit about ® e sucleus. The elec roa has a
cega.ive charge of 1.0 x 137'Y Couloabs and 4 zass of $.1 x 13730 grazs.
The_-.euc'rbu is 2 oeurral particle (no cnarge) and has a sass of 2 &ET »
107" gra=s which s nearly equal 25 that of the proton, lote that since
the =ass i the proton and seutres are nearly equal, it is obvious that
Praczically all of the =ass of an atoom is contained in the pucleus.

Fe-& Elecent ldeatification

Each element (See Table 1) {s icdentified, one fro= another, by
the 2umber of protons which are coctained in the nucleus. For exacple,
hydrogen has ooe proton 4o 1ts nucleus, helius has twvo, and lithius
has zzTee (See Figure 3). For furt™er classification, each elesent is
ass_rned an atoz=ic suwmder (Z) whics represents the nusber of protons
io e nucleus. For exazple, the elezent hydrogen is assigned the
atomzc ‘mber Z=l, for helium IZ=2, and for lithium Ze3 (See Figure 3),
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el 2 Lithiu
Figure 3 =3
The omter of sub-zis=ic particles = the aualeus (protons plus
SeutToss) 1s {ldeactified or its assigmed ato>=ic rass (3). Fcy exazple,
R <)

Landia )

~

hydrozesn,
§3¢i = havin
nave A=23 (s
the folloviz

S
Py |
A

where X -

=

e

g

»

Treicn 43 1S ruzlecs, would have Ael and

ven praices asd twelve maoirons ir 4TS nucleus would
fure &4). Trezefore, eac: 3:0= caa Se Terresested by

<

e ezecst symbol

asczic zass number

2 1 cumber of gusleoas

s = of proten aad 2éutrens in aucleus
daiomic velght to tze nearest whole nocber

2:2zic oumler of ‘an elecent
=>er of protons 1= cucleus
Z=cer of orbiral elecsrons

Froc the above actation we can note that A-2 eguals the aumber of

neutrons io the nucleus.

€) * sroton
7} = seutron

2 e electron
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3.4 lavs of Ch.-iscow
I3 13589 a Pusslan chemist, Dmitrd Mendelileff, usicg research
=forzaticn It crevicus sclentiscts, <devised ke systen of groupizg
a.- the ele=cnts by crésr of thelr atezic weigh:z, Wizh Mo,
Yezlelileff's inioematicn and present day rzswledre, the acceptance
c‘ a classificaticn eyster xnowm as the “Perisdic lavw" is now used.
The law sizoly sieres that the prapeciies cf thc clezents are
Feriocic fumciisiny of gheir acomic numbers.

Ypen investicatica of the elesents, cerfain perizdic o es
az3ng the elememic wizz feund. 3y arramging the elements im - *
is knewm 35 2 P.rdiodic Tatle" (See Tadle 1) o'.:se rcpaz:i-s can de

ibe perici

27 .adla (See Table 1) %as the elerents arvanged in

arder of theilr a’-!c sunler with tha elamects cf sizflar prozcrzies

slated under <¢a
herizeatal rovs

czher in vertical cclurmms called erou-s ad

:Allad periods.

3.5.1 Grou:ss

The

is caliad

geouss I3IA, 2

the halgee:

- *Y
!u.u_:: La

1.5.2 The

The
which surr

has cne shell, lithium

To are elght groups auzbdered fres I to VIIIL Growp IA

S 3w .i grc"*' RE0uT 154 the alkaling sarsh group;
YA, Va, VL4 ave called the ncn-zgtals; gress TILA

® family; group VITIA thg i=mcse gcscs, aréd :.:ups I2

10 are the traasicica ele- «nts wnieh tz;.; the cetals.

Tirteds (horizental rous)

Terieds represent the _auder of
©-33 the atems of each elc:c"c.

skells of clecsrons
_for exa=gle, hydrozen
539 two shills, acd sodi.a has cthree shells

(See Figure 1), - T e .
=t - 1-Zlectron Shell . T 2-Electres
> o Shells
‘ . e
- 3 ok - ] .c\ = > "
8 s B : e
- . W
- o e Ly’
/ ‘:.,~ s ¢~
i 2 et & » T =~ 3+Electrom Shells
- - .
3 ey
\ " V- e
I T ’
- ’
\ f- - )\ B
é
v ¢ *
! e
11¥a?3
Fipure 4A
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.6 tlectron Slells

Soth Llord utherford and Niels Sonr were ccrsilered the fereruaners
of the modern day phy::a' Around the L > 54 1559, b futherford
Cescribed the aiom as eensistizg of @ haT: Cense core, called she aucleus..
and surroysdesd by ordigal electrezs, Thes leils Jezz, felloving aleng
this line, discovered as soleresting reiazionshiz wuih respect 20 the
mmber of electrons in each sheli. Fe diszovered z=at the mucber cf
electrons which could Le in any oce shell foll-ved =he value of 2(3)*,
wilere "“n" ts the nuzber of electron shelll 5tarfiz: <itn sae §hell tearesc
the nucleus. lic called each shell level 3 S=a2%.z Level. Tor exasple,
L.¢ first electron shell cculd contain 3 Tiiimes o- (3" ® 2 electrons:
the second snell could rave 2(2)% e 3§ elezzrons, a=: the third shell coula
have 2(3)* e 13 elcetrcas. Ie S48t be mozed, hower:w, that this does nere
Cean tiat ess: shell must cortais the max.m= nuzier of elestrons. It

could comtain less, bue 6ot core, than the zaxizy 2/a)?

Fer the purrose cf identifyinrg each siell, eacs shell is lettered
Startiog wizh the closest srell to the nucleus (i) a-d continuing culward
be Ws W' 5y Do ooe w80 (Bae Figure 43). o

. N \ \ \
I T o’l A
. /
¥ // 3 / /
: /
Pigure 4B

3.7 Aton Svmnmetry
M

Saeh atca prefers to have a balance =T syrmezrcal array of
electrons withia each ori.t 2(n)? asd will go to alz~st any extrese to
2chieve thisg 4rray. The atom may give up a.ectrens - even borrov them
‘D order to obtain this sr==etry. {or exacrle, if e look at an stos
’f fluorine, wve see that it contaizs 2 el-z=runs {n =:=e "k" s4ell and 7
e’ectrons in the "x: srell. In order to cr=ain syT=<Iry, it could attracs
d3oLhar electron or give up seven electrons. iUcweves, the chances are

Lhae it vill take the easiesc approcach anc Bttract c—e electron rather
than give avay seven (See Fizure 4C).
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3.8 The dchr-Pyu=-erf~rd Atom

A fev years alter Lord Rutherford firse drserited the ater as
€oasisting of a nass Jinse core, called the aucleus, acd surrownded =—v
criital electroms. liels Bohr deviscd a theory abou- the c¢enclusioa of
Rutherfori's atom mich was later to be called "Quaztm Mechanics”,
Juantus Sechauics sescribes the radiation £rom an 32om o ter=s of wvzve
lenzch,

Sohr assuue: that the electroans vere kept in z-e 2rdizs of a
eus by crdi=:~ couiozb forces. e also asnwme? shat only certa.=
ts ue;e possis .. This neans that the racius c? any cortical ele:ztiron
would cepend upor tre energy of the electron. “ince =+ 'y specific c--its
s

@re pass.ole, thcz only certrin electron wnergiles are possidble. The
electrens closes: to the atom will have the s=zailess energy and those
further out will ~uve the most energy (See Figure &),
. WK
-~
\(, \\
S aep N Wiere, o> eyderde;
N
.Q“l\ R
! ala!
ucleus— k' aln
LY B
p :
B v d
0—' /
-
- —
Figure 6

Frea the thecrv of orbital electren enerjivs, 3ohr postulated
that rov he zam et=_.ain how light and Tagnetic radiazisn fros an atcs
are fomed. For exa-ple, if an electran im "r" shell were to fall
into "s" shell, the energy required of "a" shell is =ov less; and the
ecergy difference, =t is postulated, is Civen off as a photon c: pacias
of energy (See Figuize 7).

Y photor (pactet of ener~v)

Figure 7
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2te that for eaczh transizion SeTween ordifs there will be defizite

Taergy photons --=duged depemdizg umwa the tvpe of tracsitionm.

e.? hotons H

The phete== (2r light esergy) have ezergies equal to bt (h = ,
leanghs constaz:, and y e fregueancy). Therefer., an elestren trazsition ;
“IT9S one quant= level to a=sSther wvill sreduce a= energy AE = 2y, It is !
ri3ls very princitle which azsotmes for the preduziicon 2f x-ravs. Any !
=aatertal of hii . IV (arze suzber ¢f electrons) when Sczbarces with |
GTacrged particlo: will tive scze of 4ts electrens stripred off; “aereupon ;
. az. electrea fre= 23 cuter s=ell will fall tack {220 the vacancy, and che |
wwergy difference appears as a phatos of lignt esergy waich is eleciro-

szagnetic ia aat.ce.

~.10 Electromar-esic Razizsizn

fadilatioz, <hether it e the trass=ission of radic-sigrals,
tiudevision picrisas, x-ravs, g&=a ravs, irfravel waves, etc., =2y all
<é- consicered a Tom= of ener-y trans=:ssion. The faciasion exizzed by
tZie adove meaticmed cav be s-scrhed, reflected, and even stored =y -
ST LA naterial:. To wnow whien vill occur we must be:iter snieTstand
<t 1s seaet v -he radilazisn of eccergy and sSuch terms as radic wvaves,
czles, freguere: and vaveliz=zth.

When a lecil racio stasion is broadcasting, it transzics eergy
tSarough the air : = eiectroussnesic raliation., This elestrcmagzesic
Tislletion zay Se zisusht of o3 waves and can be iikeged o the eifecs
Tee might expect o see Lf vru were %3 tharow 8 stc%2 irnzc the ze=zer of
& 3:3l) lase. & i:irressicrn would Se ceveloped w-ere the store -it the

4 5 3C.zing 3 wave which would move out equally in all directions
12l ir reaches sacre (See iigure C).
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J.11 <aves

“-aves or vave notion 1s the propagaticn of a periodic distyrbance
id 4 zeclun. The transverse vave is one *hict (s most i=portant in
nuclesi= physics. For exa=ple, electrczagnetic waves, like vaves in

vater, crc transverse waves and cove up and dowvm and cove ourwardly in
4 hoirtoontal directicn (See Figure 9).

A ) AN

; SO O B
- \‘\_,/// x ‘\\\_,///

iize(sec.)

Auplitude

Figure 9
It ca= :2 seen 5y the figure above that the wave first rises in a
pesitiu: directicom, them reverses 2irection and cces resative. Alsc
note =it this occurs in a resalar cr periodic lashiom. That is, 1f
We Tea:.re the distance between two succassive correspordine points

@it the w2ve, we find that chis distance is the sa~e bdetueen aay cther
CWo suciesslive points. This distazce is called the vave lermth 1)
(See Firure 10).

{ = A :

s |

!/A\\ /’\\ :
2y |
’2 - i ’
2 ! \ Distarce

\ :
' Figure 10

3.12 frequency

4

2 number of wavelengths or complete vaves (ooe complete vave
neacs c=e full cycle) which pass a given point per second is called the
{requezcr (f) of the vave (See Figure 11),
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Figure 11

J.12 Fracuency - Utvelensth Relationship

I.sctromasneric vaves travel at the speed of light (¢) (3 x 100°

c=. asec therelcre, a vave of waveieagth A traveiing at speed ¢ will
precucz a frequency (cycles/sec) of
-3

Geze also that the period (T) of a wave is the time regquired for
4 CoTTovie wave to pass a given point and s the reciprocal of the

feesuency 1

T--f-

~a=ple: 1. What is the wavelength of a radio station broad-
casting at 1597 UC/sec (NC = kilocycles, which
equals 1,007 cycles/sec)?

[
o ok

0! c=/sec

A Ix1
1.5 x 19" cycles/sec

A =2 x 10" em/cycle (usually expressed as

= cz only)

L = 200 meters

1, What is the frequency of an unicentified signal
which coupletes a cycle ian 3 milliseconds (L oillg-
second = 0,001 seconds)?

"y
ot
T 3 x 10”7 sec

f e 3.33 x 19? evcles/sec

e — —
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! 3.14 Tluante ‘echasics
‘ <dia Section 3,10 (Electromagretic Radiaticn), i wvas poiated out
] that rraiiaticn (such 2s radar, radio waves, x-rays, gacsa rays) was
3 consizecred a fors of esergy transzission, having soze knowsn freguency

and wav-zlength., Quastus theory assi=es that the energy of electro-

! Sagretiic radiativa of any frequency canast be varied or emitted

2 concizutously dut cust be soce exact 1;:33:51.322:1:11_32.A.::J;l basic
wrlt ©: ecergy. This packet of exergy 1is called :pe thoten. LCescribed
A0 Caoy ways, a photen eould Sa dascgibgg_ag,g~zac5g;e_;!_i;;tt or

bundle etc. Io any case, :t-e energy ef the rnectca is
depenca: G ne_frequeacy of the radiation. It follows the =~
relaticonitin: =

E=hy

e ——
where E = energ,; of photen Lo Joules

b = Planck's constane (Joule-sec)

V = frequercy (cycles ser seccnd)
h®6.6x 137 Joulesec

Taczureing to Neils Bohr theory on electron shells, you will
FeSemter that he sssuced that the electrons were restricted 20 certain
particui.zs orbics. Ee further discovered that there vas no radiation
elttee e an atoe as lozg as the elettreas rezained ia orbie, Sut
that emecrry is absorSed by an a%om when the electron is moved fro= en
orbie ¢i ever 8Tergy to ene of higher energy and that energy s exitted
when the claciroa zoves ¢n the reverse directiun, Since there are only
discretz orsiss, tits Testriczion requires that e=n Ty be abscrted or
exitted :3 quantas (erergy packe:s) dascribed by tre atove equation. This
process 13 orme source of x-ray preduction.

oy

3.185 Ma:i:s-Enerny Relationship

The. idea that 1t was Ppossidle for a bundle of energy called a
photon £z exist without =ass was hard for early scleatists to conceive
| satil one of the cost vell=kncun scieatists, Albert Einstein, develaped
! his checr on relacivity. OQut of this theory caze the mov fasous equaticm:

E = Mc?

“here E = energy (Joules)

—

M = cass (kilcgram)
C = velo ity of lighe (zeters/sec) i
Now, for *=zne firse tize, 1t is realized that energy and 2ass aie :

convertadl:.ec. That ts, énergy can be converted to mass and mass can be
converted o esergy.

A ter-= core useful thas ergs for describing energy in nuclear
applicacicras 15 the electrea volte (ev) which is descrided as thae Ve
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asount of energy acgquired by a rarticle having cne electrom charre
when it passes {2 a vacuwa through a potential difference of one volt.

Sicze the zass of aa atcz is described in ter=s of its atomic
z=ass wnit (1 AMU = 1,66 x 107°° grass), 1:s equivalent energy would

be:
L A e (386 x 10-3* gra=s) (3 x 10'* =/sec)?
e (1.602 x 10°" ergs/Mev)
where 1-¥ev = one million electroac volts
Therefore, l=A = 931 Mev,

.
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&0 Introsuctice

in tue previcsis sectlion: =€ LAVE L(isCu3sCL t..e craracteristics
ag ata=. Ao w2 will turn ool Sllentiva T the ucicar forces vho o

LEract vetween T & tucleons  ALIAd the alo. -~g¢ t*1ll see hou certiia
i 4

af
istermal transitice: withia te nucleus ¢f an atos can cause ao atom =o
teccre either staz.: or unstal le and Low instadility produces enar;v

cuapges shich resu.: in the ecissicn of radiation.

&.1 [sotopes

The chezical sroperties «f an elezent are detersined by the
s=ber of protoms wuihin the pulleus (Z). Lovever, it is possille f+r
atoms of tha saze eleceat to have the sase numler of cleetrons but ¢=s
iz {8s atomic wacs. Therefore, ato=s vhich have the sa=a “2" but diife
“4" are called is:izves. For esazrle, hycrczen nas three isotopes (..ce
Fizure 1), hydroge= I, cesmorly called progiwm; hvdreges 2, comorlr zalled
cecterdus; and Ryérsrea 3, comwily called sritiuvm,

fer
.rent

8¢ lnz ]l‘.‘

\.A “ 2 \ \
v L P (Y9 ) . i (@2)
o e v , L@
‘\ - // \ o ‘/' \ K ® I
e A e “..-o' \ /
R,
: Fisure 1

-l the other elez=—xs, as shovit o0 a chart of nuclides, have a vari -us
—maber of isotopes.

Generally s;eiiing, isotvi#8 can be found i{n either a statle sc=ote
=T an uastable stuze. A stable 130tope {s one io vhich there s a l=w
FTobabilicy of disi-tegration 10 sone other coslination. Unstable mu:led
zaa disintegrate az: transform tliecselves {mnto other elezents by the
eissiou of raciazi:s in the f«r of alzha, beta, or sxz2a raciation. To
Sind out vhy soce Isctopes are atadle and others unstalle, ve must fisther
iovestigate the nuc’ear forces vithio the aucleus for the ansver.

Sk Nuclear Stabi icy

Earlier i t-e¢ course, we talhed about the long-range couloml
f:irces which were I:--ces of attraction or repulsicn betiieen tuo charged
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 m2st oftea asked about the atom s, '“hy
Narged electiroa attracted to the positive
tae 2nsver, we zust realize that the

=otion arcund the 3ucleus and thus has
™ "'r). Therefore, the zentrifusal force
ST JusT Malatce o2t the cowlosd force of artraccion (qaq:/r’).
tous allsving the elditren te remaln 4n ecnstast rmoticon about
the zucleus (See Figure 2).

-t

.o
v 0
b oeg L

(%)

) -~
] o
1

- e

Centrifuzal’ |\ //
Ferce = = S ///
o
Figure 2.

As lcng as these forces are equal and cpposite, stabilicy
externas to the nulleus {g maintaiced. Note, however, if the
alectron should gaia erergy (e.g., cellisica wizh a charged
particle or gamma ghetom), the cectrifuzal forces could exceed
the coulond forces gzivina the electren ensugh enerpy to break
avay fros= 1ts ordit &0 Sacome a free electron. (See Fipure J)

Y Photen
\\
e wa————
///f— -\\\ ;\ //’ \\\'-A
< T
i ek \~€
s : ; Yt v tple> ) ,:“ \ Free
\ S— [ , Y ‘ Electron

Figure 3
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where
!P ® Eass =% the procox
H: ® nass 2F the teutzrm
.'ee ® Zass of the elecsmm=

For exa=ple, the 2ass ¢?

Mass (35¢°) = ."!p(-) =Yy (a-2) - ¥ (2) |

* (1.007%:3)(4) + (1..029982)(4) «

= 8.0%843

n

AMU

Fovever, b5y acrual welizks

AT. The =ass iiiferenzs of:

2

Mass difference = (7.0608495 - 1.005310)
D e 0.043185 aw
OF an energy diffsrence cf

$31 .‘tev)(ﬁ.EIES x 1072

AMU 1

(

which is 2quivalent ety ¢
Tequired to Sraak k.
for calcularigy

tinding eZaTyy or ke
MuIlions ana-ce, Therefore,
Siading ez srgy (32) s

BE = HP(Z) + !!:'.A-l) + H.(:) - N

where
p T =ass of ths procon

. nass of tha Seutron

e " =ass of the electron

!1‘ * cass of the elezent

If ve "1a¢ the avers: 1

the auclides by dividiag ez tocal Sinming energy
Rass nusber and thep plot =4 dgaiasc
ve would zroduce a curve ds shewn {n Tlgure §.

Te btndzng 2rergy per =

the acoric =

2 3erylli=-8(.8e%) azo= shculd be:

(5.+:78 x 107*) (4)

» the Bar-liurag e weighs £,005310

2neryT which ts
the zr-zation

sclecn for al1
¥ the atemie
=ass ~uxmler,
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Binding enerpy per nucleon {1ev)
o
—

T K ) 4
IR
34
{ o
2 4 / . 2 2 -
J{ e
1 ,7’;.—.:'
S 25 S0 75 150=125 155 175 235 213 359
Atomig ¥zas Ne.
Figure §
isote that the binding energy per nucleon rises very
sharply 20 a raxioum of about 8.7 !lev and then Jropns g
gracually to alout 7.4 iev tur wraniwz, The binding ~
exergy for light suclet is sczall, anc hizh (approxizate.- S

8 Mev par nuclecan) for heavy ouclei. This {s t.ue reaso=

& great acount of energy is released vhea leavy nuclei swch

as Uraniwm-235 Sreaks up iz%0 tuvo parts.

- ' S . ,‘

4.5 Nuclear Iascadilicy

Investization of tlie nuclear forces shows us thae they are
saturatle; that is, siven a particular nucleon, it may stroo-.~ attrace
pernaps up te three nuclecns, but the fourtl oae will be rejel_ed
easily. Later studies clarify thact the total ecersy uitidn tiw nucleus
is quantized = ;ch like the electron s'iells around the sucleuc. However,
the biggest contributor to suclear instabilicy is the neutrou =. proton
ratio,

As centiored earlier, there is a comperition of forces inzeracting
between the pucleons within the nucleus. lica this in aind, =& can see
that the protowus will tend to Separate from one another if posaible.
Hovever, ia =ost cases, the nuclear space Letween the protons =3 accupied
by the neutrons (in t'e case of heavy fnuclides); and, since there 1s a0
charge of repulsion or attracticn betreen the neutrons and the protoas,
orly nuclear forces occur. But, rezexler, the protens located at various
points withian the rucleus do experieace the coulomi forces of ~epulsica
betveen one another (See Figure €).
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FOr ciczents of azomic musber 21 0 92 we fiad =hac they
8Té natur.ily radlocctive =nd are cc=sizually decayiz: into
OthEr raliajcegve elenents uatil so=a scadle, Sog~-rrziractive
guclide :: formed, We call this formrziza of mucliies a
"radicacr:-; serics.’

There sre three such series for --& hcavy nueliizs = rhe
thorius seri.g, she uranius series, 2=: the actiniu= series.
ALl three ciriig have ene thizg iz co==:3, thaz is, :ey all
2V@ D€ clisent lead as 2 final preciait. (Sce Figures 10,
11, and );;,
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.11 idicacrive Tecay

Dach rolicactive isotope decavs at a constam- rite and nc ohvsical,
chemical or ctisr =measzs can chagse this rate. A 5.z le cogtain =g
Sillions o: atoms wvill cecay by the emission of =,.e:e atoms a4t 1z
particular rate, ut it is izpossible to cetermine wnich atom =11 decay
whea. Therefcre, tais process is a random process..

Assuming that the nuzdber of ators of a Partizulasr radicac—ve
isctcope 1s verv very lar’e, thea ve can assuse tlia avef2ge time .t '111

tare for azy isotope to cecay.

The nuzber of atoms viich are decaying wit: —jime is preperTional
to the nurdeé: of atoms presest and ve zay write

AN
- Sl

where L' is tre chanze iz the mumber of atoss arigz.nally preseas ner
change in cize (IT). Since the rate of decay 4s or—riwrtiosal to =he
nuzder cf atozs orijinally present, A (frcncunced _s-.da) repres = s
She propcrTiisnalicv coustant or decay corstant aug i represenss the
oricical nucler of atoc=s preseut.

Sipce the surber of atons of the racicaciive :s.(ope decreises

with tize, a negative sizn is needed as followvs:

&N

= = -AN

a7
This foroula now represents the tate of decay (the nu-ber of atce=s
éisintecrating with ti=.) wbich is equal to a decar c...5tant tizes the
nunber ¢f atoms origirally present.

3y the use of calculus, we can integrate the ahove equatics a-d
arrive at anotlier eguation uiich will allo us to ool ulate the == er
of atoms rezaining at auy time "“¢" {f ve Loow. how ~wny ALORS weé ad
erisinally (%) sz rhe decay coastant fot this isocore. This telazionship
is as folleaw: '
Napy Q-At
o

wnere, N & cucier of atoms present at tize "¢
"o * ousdber of atoma oriziaally present
A = decay ceastant

t = tize of cecay
The decay constant () is defined in ter=s cf apother rela:zonship

called 'f!.alx-life". “here the half-1{"e (T, ,.) is =.e tize it taicas for
one half of the radicactive suclei to Jecay.’‘I: ter=: of the adcwe

- ———
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equation, ¢ = T, +hca ! equals one half of L Ther ::he following
equazion evolvest®

N o
o n "1/2
— e e
2 o
: .. ™8
J 2 e
AT,
or 2 .o M2
AT
thes, lal = .3 (e 12
0.653 = ATl/z
o A _?.b'.‘l
/2
w¢ aov find that the cecay comstas: is found by ciividing the half-
iife of the radicactive isctcpe into 0.673. The half-iiile for all kaown
isotopes has bheen exper.zentally determined and can be :ound im a chare
of the nuclides,
Taking a sa=ple of radicactive material a~d plotzizn: its acicvicy
“ith tize would yield 3 curve waich looks 11le the follcv:iig (See Figure
i3).
100 , X
\
B |\
b~ 50
-
-
<
»~
5.0
12.5 4
6.25 4 S —
0 1 2 3 4 S 6 7 g
Juzoer of tl/Z
rigure 13
Notice that the activity decreases by one half for each 'aalf-.ife but
never reaches zero, ouly approaches {t. Alsc, observe tr.at after adout
L] six half-1{/es the percea: activity recalning is less tiazn one rercenmt.
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iree electrca or
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Ficure 14

lonizatian of an atem ca- cceur vhen ezeryy from soce external source
such @s radiation {3 traasferred to the electrons in S..e tarzet cediwm.

The =lectrcas may then dcqulre eacugh ezersy to escare fros their atoxz
€reatiag aa fom jair.

Since radiatics {5 elassiffed into two gezeral rrouns, charged and
uncharied particles, we -aght expect, and do finmi, thar the interaction of
these particles with catter f£:zlls into tro catejezies, For exanple, e
find chat charzed parcicles (e.g., etz ane aloha zarticles) irnterasc: sith
Baterials producing direct icnization, while unchartes :articles (gam—a
phatons) cause tecatzacion 5y secondary ceans (o Le ciscussed later).

The nu=ber of fon PE1TS pro.uced per unit lensth of travel is called
the specific fonizacion. The higher the crarfe on tl.e interacting parcticle,
the higher the specific ienization. For t-: .articles Aaving the saze
charge, the ore wich the A153c3t =33s creates tue his-as: snacific
ioalzation. This is true because the heavier tie Fariicle, the slover 1its
spee? thirouzh the tarret =aterial and the longer {t spends 1= a rsiven area.
F.t exazple, an alpha pacticle with its C0 protoms ani Two neutrons is a
very heavy particle. for a ¢iven ernerzy, the alpra sarticle would produce

épproxicately 2,700 rore ion Pairs per unit leagth of travel than a beta
particle of the sare energy.,

In air ic takes epproximataly 32.5 ev of eserty to rroduce & single

ion pair. Therefore, for an alpha parcticle of 5 Mev, the total nunber of
ion pairs formed vould be:

&

and since a 5 lev alpha particle carc be stopped in approxizately 3 c= of
air, the speciiic lozizacion of aan alpha particle {o ai: would bde:

z s .
8.8, = 14é§—§;ig?;ﬁnlé = 5.13 x 10° ion sairs/

O ———— e ——— r——

S e —— i

S pa—

—

R —

e & e

-y

- — e

.. g—




of its
the eod o {ts
ielius aton., The
velry rapidly indicar
le \ i ) source g1l the alphas have

3 e

ersyy. % sra, the rane of 40 JL:L-J

source of C-res (each alpha emit:ies
i< the mediuz tarough







t
i
‘
f
4=18 t
Seta particles, Yecause of their s=all rass, are easily E

4 Scatieéred 2s they pass through =atter. This &s duz not ezly to o
1 Read—ca collisicas with parcticles Sut slse to the strong coulozh !
forces of repulsica. Secausa of this scattering and the t
CoSiizious cnergy spectruc, the bdeta particles do mot have a \

defizize rarge.

Zven though beta particles do no: “ave a2 defioite range,

! 1t s possitle to obrain a pesetraticn thickaess of sore
Saterl:l vhich will attezuate virzually 21l of the radlacion
(See Fipure 17).

Penetratico of Beta Particles
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Energy in Mev
{ Fizure 17

Tor detas betveen 0.8-3 Mev, agpraxizate renge in

R e o ———

ga/ee? = 0,546 E(Mev) - 0.16

Txaople 1: Find the ranze of 1 Mev betas {n alustnug - |
(0 = 2.82 =/ca’) and convert to penetracion s |
in inches (1 in. « 2,54 c2),

Pange = 0.546(1)-0.16 = 0.386 z=/ca<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>