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The word engineering has go~e 

through an evolutio.n or ~ha nge In 

definition and meanmg which makes 
it difficult to establish a purpose for 
engineering which WOUld. be sa~isfac­

tory under all usage. While engmeer­
ing was originally defined . as the. art 
of constructing and ma':la!?mg engine­
cs and machines, today It IS more gen­
erally considered as the application 
of Science. Therefore as a first step 
in establishing a purpose for Agricul­
tural Engineering it is necessary to 
define engineering in three forms as 
used in the present day. 

I . Engineering is the Profession i~ 
which a knowledge of the mathemati­
cal and physical sciences g~ine.d by 
study, experience, and practice IS ap­
plied \~ith judgm~lIt to devel?p ways 
to utilize economically, materials and 
forces of nature for the progressive 
well being of mankind. 

2. Engineering is ~l typ~ of Institu­
tion or Department in which a know­
ledge of the applic.ation ~f the m~the­
ma tical a nd physical science gamed 
by studv and experience is taught or 
practised with judg~~nt and in~ent 
to develop ways to u t il ize, economical­
ly, materials and forces ~f nature lor 
the progressive well being of man­
kind. 

3. Engineering is the application of 
techniques or practices develop.ed from 
a knowledge of the mathematical .a~d 
physical sciences to develop or utilize 
materials and forces ot nature. 

Some elaboration of the wording' 
will perhaps help to give understand­
j ng to the meaning. 

(I ) Engineering is d~fined as a P!'o­
[ession implying that It rank~ WIth 
other so-called learned groups in pre­
sent society such as medicine and law . 

(2) The idea of .'mowledge is. i~­
cluded a nd em phasized beca use . It. IS 

[elt that it is knowledge that distin­
g'uishes a profession and t~at it is 
knowledge which the protesslOnal ap­
plies in the accomplishment of hIS 
objective. The scope of th~ kno.wledge 
considered peculiar to engmeenng has 
been limited to the realm of the ma­
thematical and physical sciences .to di~ ­
tinguish it from ~nedica.l or sO~lal SCI­
ences. The physical sciences include 
such items as chemistry, physics, elect­
ricity , mechanics of solids, thermody­
namics, fluid mechanics, etc. 

(3) Study, experience, and pra ctice 
are enumerated because these are th e 

items by which an en~i nee r is judge? 
and which he must, m Iact, prove If 
he is to be accepted as a professional 
by any legal jurisdiction. 

(4) The idea of judg~tnenl , is in­
eluded as well as the subject of econ­
omics as both are considered import­
ant phases of engineerin.g activit~. 

Whether or not a matter IS econorm ­
calor practical is usually a matter .01' 
judgement. rn addition, n.lany engm­
eering decisions are made III areas not 
subject to specific and accurate analy­
sis, 

(5) The words " to utilize econ.omi­
cally the materials ~nd forces.o' na-, 
ture for the progressIve well being of 
mankind" are intended to convey, 
first that economics is a primary con­
sideration in all engineering, and sec­
ond, that the engineer's tools are the 
resources of nature and his aim is to 
improve human welfare. 

(6) It is implied tha.t an .engin­
eering institute or an engl11eenng de­
partment is made up ot people apply­
ing their knowledge of . mathem~tlcaf 
and physical sciences e.aher by 111ter­
preta tion to others or III actual prac­
tice. 

(7) It should also be pointe~1 Ot~t 
that engineering as an operation IS 

merely a means to an end and tha tit 
is the person carrying ou t the opera­
tion that gives the ultimate purpose 
to engineering. 

Although emphasis is pl aced on the 
person doing engineering it is not in-

led ;' at this time, to elaborate on 
requirements or qualifications .except 
to point out that to be an ~nglllee.r ~ 
man must have a predetermined m~l1l­
mum knowledge of the mathematical 
and physical sciences g_ain~d by study, 
experience, and practice in order t? 
be considered eligible to apply this 
acquired knowledge with judgme.nt to 
develop ways to utilize economically 
materials and forces of nature for 
th e progressive well being of mankind. 
IIl other words, he must have a cer­
tain amount of knowledge and an un­
derstanding of the purpose for the ap­
plication of the knowledge: ~hese 
minimum standards and criteria are 
set by and are the ~esp~nsibility .of 
Universities and reglstenng Associa­
tions of Engineers. The University set­
ting the requirement for t~e . know~ 
ledge aspect and the Asso~latlOns of 
Engineers for the experience and 
practice. 

By affixing an objective adjective 
to the word engineering, the scope of 
the application of the kno~ledg~ of 
the mathematical and physical scien­
ces is defined. In this case agricultural 
engineering Iimi ts " the .ma ter ia ls and 
forces of nature" to include those 
which are directly or indirectly a p.art 
of the total agricul rural production 
and industrv field. This includes the 
production, .·p roces~ i ng, transportation 
and uti lization ot Its produce and by­
products; the efficient utilization and 
conservation of it s natural resources 
and the requirements of related indus­
tries a nd services. 

The problem in agricultural pr.o­
duction are usually complex and m 
total require many basica~ly. ir:herent 
phases of a number of disci plines of 
engineering. It ha~ become acc~pted 
therefore, that agncultural eng!nee~­
inz in its broad field of operatIOn IS 
cO~lJJI'ised of four rather clearly de­
fined areas. 

I. Farm Power and Machinery 
The purpose of engine~ring in ..the 

fa rm power and .maclu nery hel~1 

might well be described as the applI­
cation of knowledge of mathematical 
and physical scienc~s, to develop ways 
to utilize economically the energ]' 
sources of nature for agricultural pro­
duction. This includes what is com­
monly accepted as investigation into 
methods of utilizing present sources 
of energy as well as dev~loping n~w 
sources of energy, the design of eqUlp­
ment which utilizes energy and the 
insuring of efficien.t operation of 
power units and equipment. 

2. Farm Structures 
In the farm structures area, engin­

eering is the investigat~o.n and d~ve­
lopment of ways to util ize materials 
and forces of nature for functional 
and efficient buildings. This is meant 
to include design, techniques of fabri­
cation, labour saving arrangements, 
and new material uses to permit econ ­
omical cost, efficient utilization of la­
bour, satisfactory sanitation, comf?rt, 
and condition for the housing of live­
stock or the storing of agricultural pro­
ducts or by-products. 

2. Electric Power and Processing 
The electric power and processing 

area requires engineering to . !nvesti ­
g'ate or to develop ways to utll~ze ma­
terials and forces at nature for the 
production, control, and processing 
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used on a 24 h r. bas is for irradiating 
suc h it em s as pl astics, chemicals, woo d 
pro du cts, food s and d rugs for our ow n 
Division a nd othe r departments in­
cluding the Ce nt ra l Ex pe rimenta l 
Farm, Food an d Drug Directorat e, 
Forest Produ cts La bo ra tory and th e 
Nation al R esearch Co u ncil. 

The irradiation cavi ty is a cylindri­
ca l voluuie 6" in di am eter and 8" in 
height. Presently th e fac il ity con tains 
abou t 4000 curies of Co ba lt 60 with 
:1 central field of abou t 350,000 r/hr. 

S our ce ( ;:'ni a ine r for Co b i l t 60 ("<, ·.., t" " ; r r .., -- I · .1 ~ .... r 
" O c mm e ce !l 220". The st a inless stee l cylind er 8" in 
d i ~ r. l (' ~ e r x 0" lr1 hc icJ ht ho lds 54 a.ein less stee l sca led 
rods . Eac h ro d cc ntc ins "I rod ic e c five c o oelt ~ l.j' ) 'i 
V.." d iornet er )': I " beiq nt ree led .i n I j lb" el umi no - v 
[oc kets. Du rin g if ' d iat io n, sam p les a re sur roun de d 
b y t he cvti nd r ice l e r ra v o f c o ba lt 60 pen :il s , e -tsurm q 
.1 qe m r-to fie ld w i th good uni fo rm i t y. [ Phot oq rap h - ­
C o urt e sy. C om rne rci al Prod uc ts Divi sio n. .vtornic 
Ene rgy o f Ca nac e ltd .) 

Eno ug h sh ield ing has been built into 
the un it to trip le th e present activity 
and hence, in crease th reefold the re ­
su ltan t field to ap proxima tely 1 mil ­
Iion r/In. Samples GIll be removed 
uu tomu tica lly after pre-set exposu re 
times up to 120 hI'S. using th e au to ­
matic timer. Pro vision has been made 
a lso for using coo la n ts or heaters 
arou nd th e sa mples bei ng- irradiated . 

Since the facility is adeq ua te ly 
shi elded it can be inst alle d in anv la ­
bora tory wi thou t th e reg u iremen t for 
a special shielded room. We have 
fo und the facilit y vcrv convenien t to 
lise for o ur co-opera t ive ex pe r ime n ts, 
since samples ca n be irra dia ted minu-

Tho effec t of incr ee sinq dos e s of g a m mll radi e tion 
on the so routin o of Ka ta hd in pota to es. The .u ber-s 
Me shown a ft e r 5112 months sto rag e lJt 550 F fo llo wing 
irr cdic t ion . i r ra d ia t io n d oses we re 05 fol lows : Top 
left -con t ro ls (no irreo ie ti c n): To p C e ntr e .- 1700 
re p , Top rig ht - J400 re p , Bott om Le tt - 510J re p. 
Botto m Ceotrc - t800 re p , Bott om Right-8500 rep . 
(Pho tog rap h - C . Possetwhi te. Cn nt rc l Exper im ent al 
r n rJll . Ott <1 Wi.1 . ) 

tes afte r preparat ion . In add it ion, ir­
rad iations are easily re pro d ucib le 
wh ere it is necessary to re pea t a given 
experiment. Ano the r advan tage is 
th at irradiations can be performed 
without packaging sam ples in water­
proof containers as is necessary with 
th e tr ench facility. 

Lorge Scale Irradiat ion Facili ties 

In add ition to developing labora­
to ry ga mma irradiation facil it ies, th e 
Com me rcia l Products Di vision is a lso 
consi dering design proposals for much 
larger sca le facilities. For exam ple, de­
sign proposals for a large sca le plastic 
pi pe irradiator and a prod uction scale 
po tato ir rad ia tor have a lre ady been 
conside red by our Division . The pro­
posed pot ato irradiat or would con­
ta in some of th e follo wi ng features: 
ca pable of handlillg production quan­
t iti es; a built-in conveyor system to 
acco mmoda te bulk or bagged pot at ­
oes; convenient to use ; designed to 
deli ver a uniform dose and easily 
moved from one location to another. 

As me n tio ned earl ier, both the Uni­
ted Sta tes and Russia are in the pro­
cess o f building or a lrea dy have in 
ope ra tio n seve ra I large sca le gamma 
irra dia tors . 

T he loll owing facto rs will be im­
port ant in the design 01 an irradiator 
to r a particular appl icat ion : th e dose 
to be received by th e ma te r ia l; the 
ra nge 01 dose permitted in th e ma­
teri al being irradiated i.e., the spread 
fro m minimum to ma ximu m do se; 
the type a nd size 01 conta ine r or pa ck­
age ; th e weigh t limitations if a mobile 
un it is conside red ; a nd th e rate 01 
throu g-hput required for a large sca le 
ope ra tio n . 

When considering the eco nomics 
o r a large scale facility, one import­
ant facto r is th e number a t: hours us­
age per year. Since gamma sources 
em it radi at ion continu ou sly, it is de­
sira b le to ope ra te for a max imum 
number of hours per yea r in orde r to 
keep th e processing costs per lb . down 
to a mi n imu m. If a parti cul ar a ppli­
ca tio n is seasonal in nature, it would 
be desira ble to find an alte rna te use 
lor th e unit during th e off-seaso n. 

A seco nd important econo m ic lac­
to r in th e de sign of an irrad ia tion 
facil it y will be the efficie ncy of util iz­
ati o n o f radiant energy availa b le. T he 
idea l a r ra nge me nt would be one 
where 100 0/0 of the total avai lable en­
ergy is ab sorbed by the rna teri al under 
irradia t ion, however, this would be 
d iffi cult to achieve in practice with­
out excee di ng other limitations suc h 
as th e size of the unit and th e weight 
of th e shield ing . 

s 

T he fin al design will be a com p ro­
mise o f a ll the above factors, the rel a­
tive sign ifica nce a ttache d to each de­
pending on th e particul ar appl ication. 

As more applications of rad iat ion 
are de veloped in the laboratory or on 
a pilot pl ant scale, more specific and 
detailed designs will be Iorthcoming 
for com merc ia l faciliti es. 
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or agric ultu ra l products and by-pro­
du cts. This includes effi cient use of 
ele ctric ene rgy for power utilization 
and contro l opera tio ns, th e processing 
of produce and th e conditioning of 
str uc tures to insure quality con tro l of 
prod ucts. 

il. Soi l an d Water Conserv at ion 

Engi neering 

This area perhaps more ap propri­
ately defined , as manag-ement, con tro l, 
and utilization of water resources, re­
quires eng inee ring in investigating or 
devel oping ways to control, manage, 
a nd utili ze water for th e effi cient pro­
duct ion or crops and th e conse rva t ion 
of natural resou rces. 

Since kn owledge is the basic ingredi­
en t in the engineer ing operation, lim­
ited on ly in scope by the nature of its 
application , it must be evident th at 
as new kn owl edge in the mathematical 
and physical sciences is made avai l­
able, th at study and exper ience mu st 
be a con ti nui ng process in order th at 
th is new kn owl edge may be app lied 
with the best judgment possible to 
th e man y complex problems in agri­
culture, if agricu ltural engineering is 
to serve its main purpose in this re­
gard. It mu st be realized th at while 
th e purpose of ag r icu ltural engineer­
ing in th eory d oes not change, th e 
means by whi ch it is achieved is con­
t inually in a sta te o f change or deve­
lopment. Therefore, th e challenge in 
agricultural en gineering is: 

(I) To gain new knowledge in th e 
sciences. 

(2) To study and investigate its 
potential va lue in the agricultu ral 
field . 

(3) Throu gh experience , to apply 
i t with th e best judgment possible to 
either the de velopment of new ways 
or to method s of improving already 
established techniques to utilize econ­
omically th e materi als and forces of 
na ture for th e problems in agricultur­
al producti on, processing, transporta­
tion, di stri bution and services. 


