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The 1968-1969 academic year at Illinois Central College 
saw two frlculty mernhers froni different divisions cooperate in 
developing \\:hat we think is an unusual approach to teacliing 
the technical aspects of agricultural mechanics. In keeping 
with our philosophy of  giving all students tlie mosl conipre- 
licnsive treatment of  subject matter possible, we embarked on  
a trial program of voluntary interdivisional teacher exchange 
between our Agriculture and Science divisions. Our purpose 
was to  supplenieni course material in Welding, Hydraulics, and 
Gas Engines. by allowing a science teacher t o  treat topics of 
pertinence and interest tliat were not normally ernpllasizcd in 
standard technical testbooks. 

We accomplislied [his end by exploiting the cooperritivc 
enthusiarn of tlie instructors in agricultural mecl~anics and 
chemistry. Our chemistry teacher. who also teaches a physical 
science course for non-science majors, wanted to deepen his 
understanding of practical mechariisnis and processes that 
occur in everyday life so tliat lie could beiler explain tliern t o  
his regular classes in chemistry and physics. It became evident 
t o  him that such training possibilities already csisted within 
our institution. 

Sensing an opportunity to learn while teaching, the science 
teacher actitally joined classes of stlrdents in tlic areas t o  be 
supplemented. Tlie agricultural mechanics instrucior intro- 
duced him as a teaclier of physical science who was interested 
in their course of  study and asked tliat the students cooperate 
in helping him along. 

Our teacher-student dressed in coveralls and participated in 
Iilboratory sessions wherein everyone dismaniled and repaired 
engines, overhauled hydraulic devices, and welded metals. All 
tlus was accomplished with tlie watchful participation of  tlie 
agricultural mechanics instructor. As practical realities of the 
work appeared in the laboratory, the science teacher explained 
the hows and whys. Tlius, 1:tboratory and lecture became a 
unified learning experience beneficial t o  all concerned. 

For example, in welding class, students are tauglit to  pay 
heed to electrode polarity when welding with a D. C. unit. Tlic 
sciencc tcachcr explained merallurgically why sucli attention 
is necessary. He did so by  discussing current flow theory and 
the arc temperatures derived therefrom. Laboratory discus- 
sions included other topics such as composition o f  electrode 
coatings and tluxes. Hazards of ultraviolet emissions and of 
vapors from arc decomposition products were pointed out .  
When attention shifted toward oxyacetylene processes, 
students were treated to  demonstratioris of metal combustion. 

In hydraulics class the science teaclier explained the physics 
of hydraulic machinery and the method of  calculating 
mechanical advantage. I-ie discussed tlie chemical and physical 

composition of hydraulic tluids, hoses. and seals. All calcula- 
tions regarding hydraulic devices were performed relative t o  an 
actually available piecc of equipment. 

Tlie  IS engines class provided iimple opportunity to discuss 
oxidation of  hydrocarbons relative to fuels and lubricants. 
Octane numbers wcre treated by comparing ~aso l ine  to exotic 
fitcls such as alcohol and n i t rome~l~ane .  The physics of  
carburetors and superchargers was dealt with as actual devices 
Ivcre dismantled. L.ubricant additi\res. structures. and applica- 
tions werc cxaniined in relation to  the cliemical and pliysical 
stresses placed upon h e m .  

.At every possible opport i~ni ty theoretical liows and whys 
were tied t o  practical observations in [lie laboratory. Students 
benefited from their opporiunity L O  understand each teaclling 
tool from a point of V ~ C M '  that s ~ ~ p p o r t e d  practical with 
rllrorrtical. Our science teacher benefited from his oppor- 
tunity to  supplement his understandings of theory with 
practical experiences. He also discovered tlle stiniuluting 
challenge that comes from teacliing studc.nts with which Ile 
would otherwise liave little encounter. His efforis to put 
sciencc into tlie very practical field of agricultural mechanics 
produced ncw descriptions. approaches, arid teacl~ing 
techniqircs that were helpful to  him in the formal areas ot 
cllemistry and physics. 

The product of our effort was a group of  students with 
increased understanding of  tlieir subject matter arid a teacher 
with an appreciation of anotlier field of endeavor. Perhaps 
even more iniportrlnt werc the attitude changes wrought 
among the participants. Students met a teacher who wanted [ o  
Icarn as well as to  teach and who was appreciative of  tlieir 
cooperation as he learned. Teaching a teaclier was a delightful 
experience that made tlie students eager to  display their 
competence. 

Successes tliat this approach liave enjoyed are doubtless 
related to  having a icacher join classes of sludents as a student. 
While the stitdents and their "classr~iate" came to know each 
other. an atmosphere of free conversation of enlightening 
proportions was stimulated. Tliey recognized that this science 
teacher was intcrcsted in them and in tlie dignity of their 
chose11 field. Their teachers had cooperated with each other in 
an effective way t l ~ a t  surpassed any guest lecturer approach. 

We attempted to unite the apparently different fields of 
agricultural mechanics and physical science in a meaningful 
way. In so doing we found an approach that brings tlie teaclier 
closer to tlie student in a less formal way 10 acliieve greater 
understanding of subject matter. Enthusiastic stitdent a r~d  
teacher response indicates tlie success of our experiment. 
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of the :\msrican Society of Apriculturd Engineers, Chicago, 
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In this day of  irir~ovative teaching there is an urgent need 
for den~onstration arid laboratory equipment which can be 
used in agriculti~ral engineering courses. The specialized needs 
of this area makes for a lirni~cd market: therefore, very little 
comnlercial equip~ilent is available and tlius it must he built at 
the local campus. This paper will offer a general procedure one 
can follow in order to build effective teacliing equipment. 

The steps in selecting and possibly building effective 
teacliing equipnienL :ire as t'ollows: 

I .  Determine type of eqitipnient needed. 
1. Demonstrations desired. 
3. Ascertain corii~iiercial a~ai labi l i t>~.  
If you elect to  build tlic teachir~g device then the following 

steps are in order: 
4. List components needed. 

a. purchase items. 
b. parts available in department, either as parts of 



outdated equipment or new components not being 
used. 

5. Secure price quotations and order t l ~ e  parts. 
6 .  Build the teaching equipment. 
7. Try i t  wit11 students. 
8. Develop Ilic software to  use wit11 t l ~ e  cquipment. 
9. Improve the teaching equipment. 
Late model machinery and tritctors are not :~lways available 

to the collcgc instructor. I l '  ;tv:tilable, there are usually 
limitations on how much anti in wllal miillner the equipment 
may be used. When teaching trnul~lcsl~ooting procedures, one 
hesitates to  put any  component out of adjustnienr and then let 
students determine the problem hecause of the risk of  damage. 

The author  teaches courses in tr;lctor electrical systems. 
hydraulics. and transmissions. These courses are primarily for 
studenis who will work as frtrni niacl~inery mechanics, parrs- 
men and dealers. hlodern tractors have sophisticated electrical 
systems and it would require a considerable sspense to  have 
such a tractor o n  hand to use. l~urtherniore, the chances of 
damaging the electrical components. burning the wiring 
harness or setting fire t o  the tractor are high. The Problem 
Simulator for Tractor Electrical Systems was designed b!. the 
author  to reduce or limit the amount of d a n ~ a g ~ ' .  

A modern tractor electricnl system was needed which could 
be programmed t o  simulate problems the student cvn ilnd 
usin: the  proper electrical test equipment. Also. this unit was 
to show several electrical devices which are peculiar t o  tractor 
electrical systems. A list of the problems the Problem 
Simulator should show was developed and are shown in Table 
I .  Table I also sllows tlie switcll positions to  simulate the 
various problems on the a c ~ u a l  unil. .At the time this unit was 
first built, there were only two commercial units available and 
these were pri~iiarily for au\omotivt elcctrical systems. 
Furthermore, the price wa:; lot) liigli ill comparison with tlie 
cost of  building the unit: tlicrcli~re, i t  was elected to build the 
unit. 

Table 2 shows the components wliich were needed to build 
the Problem Simulator. Items N o .  1 ,  9, 17. 22,  24, and 27 
were avai1:lblc in  the department as surplus Iterris No. 2 , 3 ,  12, 
1 1 ,  and 15 were purchased from the Delco-Rsmy Division of  
General hlotors Corporation. Dclco-Remy 113s an excellent 
sales policy available to  educ;~~ional  institutions desiring to  
purchase. electrical components for classroom use. h'lany other 
companies I~ave similar policies. Tlic remaining components 
were purchased locally from a farm machinery dealership and 
an au to  parts supply. 

Pictures of the Tractor Electrical System Problem 
Simulator arc shown in Figures I tliru 4. 

TABLE I 
TRACTOR ELECTRIC SYSTEMS PROBLEM SI\IULATOR 

Unit 
Affected Switch Position Problem 

Al  temator 

Indicator 
Lighti 

Gauges 

Alternator 

Rcgulstors 

I Up 
Open 
Dotvn 

1 Lip 
Open 
I)o\vn 

3 U P  
Opcn 

Down 
4 Up 

Opcn 
U0\\f11 

5 Kcar 
Ope11 
I'rorlt 

0 Rear 
Open 
1:ront 

7 Rear 
Opcn 
1-ront 

Normal 
I icltl re\i\lor riot in arcuit 

Norrrral 
A(' Intlicator light nor  in circuit 

Yorti~itl 
A(' : t t ~ t l  Oil Indicator lights dim 

not connecletl to su-itch 

Norrllal 
No ~ r o u ~ i c l  fuel \ender 
Poor gro~cntl  t'ucl wnder 
Norni ;~ l  
I%rr>kcn Ie;itl 111 L X '  ticltl 
Grountlcil lead in DC tirlti fu l l  output 
Nornl;ll 
HrokctI le~cl in :2C field 

Normal 
Kegulalor% riol grounded 
Poor ground 

I-gition Coil 9 

Lights 10 

Ignition 11 

Ignition 13 

lgnition 14 

Ignition 15 

l i p  
Open 

Do\\ n 
Left 
open 
Right 

U P 
Open 
Do\vn 
UP 
Open 
Down 
Rear 
Open 
I:ront 
Rear 
Open 
Rear 
Open 
Rear 
Opcn 
Front 

Nornial 
N o  ground - fuel ant1 oil gauges 
Oil \cn\itive to f'uci lcvel 

Nornial 
I<csistor open 
Ilcsistor shortcd 
Nor~ii;~l 
I3rokcn \\fire in harness lo flood light 
Ijad connection between switch and light 
Normill 
No ground - rear liglit tlashes 
I'oor ground 
Coil Isakagc 
Normal 
Condenwr leakage 
Norn~al 
Condcnser Series Rcsi\tancc 
Normal 
I3:rtl di5lributor ground 
Normal 
Coil Disconnected 
('oil Reversed 

TABLE 2 
COMPONENTS FOR PROBLEM SIXlULATOR 

I. Variable speed motor - one hp or more to drive the generator and 
allernat or. 

2. Alternator and regulator 
3. Generator and regulator 
4. Alternator lield re\i.;tor 
5. Indicator lights for generator. allernator. and oil prescurs 
6. Amnicler 
7. Oil pressure ~\ritche\ for hour meter and indicator lights 
8 .  Flcctric sc~iding uni ts  for oil prrshure and fuel Zauges 
9. I-lour meter 

10. Fuel and  oil pressure gauges 
1 I .  Ignition switch 
I 1. Ncutral start stvitch 
13. Starter \\lit11 bypass igr~itio~l circuit 
14. Ignition resistor 
15. Ignition roil 
16. Distributor 
17. h.lotor to drive ili\tribulor 
18. Spark plugs 
19. Circuit I)reakcr for ligh ts 
2 0 .  I,iphl s\vitcIi 
2 1. T\\,o headlights 
2 2 .  One rear work light 
23.  Re:tr red light 
2-1. Flashing fender light w i t h  tl;l\her 
25.  Hatleri 
26. Wirin?. resi\tance wire. nliscsltsncou\ liarti\vare 
27.  Boartf and bench to mount cornponenth 
18. S\vitches for the problcrn simulation 

Figure 1 - Front of Tractor Electrical System Problem 
Simulator 
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Figure 2 - Rear View showing battery and lighting problem 
switches 

'P- 
i d  i 

Figure 3 - Rear view showing motor drive for  alteniator and 
generator 

- 

Figure 4 - Rear view showing distributor drive motor 

After building the unit. it will probably be easier l o  use it as 
a demonstration unit until you are able to develop the exact 
methods you desire for its use. Probably the hardest job one 
has is t o  develop the laboratory exercise or software needed 
for the students t o  use the unit to its best advantage. Also. as 

Other units which have been built by the author  arc a 
hydraulic demonstration stand and a llydrostatic transmission 
and axle dcnionstration stand. Tlie hydraulic demonstration 
has either a 1 0  gprn gear type pump or a 5 gpm piston pump as 
a source of l~ydraulic power. These are powered by  a 7% 
horsepower single phase motor. hiany valve types and 
actuating devices can be demonstrated as well as trouble- 
shooting procedures with this  nit. At the present time, a 
backhoe control valve bank is being adapted to give good 
practice in troubleshooting the control system without the 
inconvenience of  working inside a tight backhoe main fr:uiie. 
Pictures of  tile above units are shown in Figures 5 and 6. The 
hydrostatic transmission stand was built t o  demonstrate the 
following: 

1. transmission operat ion. 
2. testing methods. 
3. the action of a differential. 
4. disc type brakes. 
5. transmission losses. 

Tlic anchor devices for the disc brakes are to  be equipped with 
strain paugcs to be able t o  read the o u t p i ~ t  torques at each rcur 
wheel. The transmission stand is shown iri Figures 7 and 8. 

The above two demonstration stands also demonstrate ver] 
effectively two large 11orsepowt.r single pliase motors and their 
special controls. These molors are likely t o  be found in farm 
applications where high horsepower is needed hut three phase 
power is rlot itvailable. 

Figure 5 - Hydraulic Demonstration Stand 

the unit is used. new problems to be s i~~lu la ted  will be Figure 6 - Backhoe Co~ltrol  Valve with Power Unit in 
developed. background 
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Figure 7 - Front view of Hydrostiitic Transmission :111d Al le  Figure X - View of Trans~nission Stand showing Disc Brake 
Stand used t o  Iiieasure torque 

Building your own laboratory cquipnient can be a time across easier to visualize. As long as there are specialized areas 
consuming but rewarding experience. Students respond to any for wl~icli teaching equipment must be built, the instructor 
equipnient which makes the concept you are tryirig to get \vill be called upon to build some of his own r.quipnicnt. 

The Present Condition O f  Higher Education - A Quotation 
HO\VAKD R. BOWEN, Claremont Graduate School 

I h e  I'ollo\vin~ is a quotation iro~il an addre>> by Cfo\\artl K. 
Bouen bcl'orc a lilnchenn mcc'tlnp ot' buhinrs\ leadcrs In Dalla\. 
Texas sponsored by the <-ouncil for I.inancia1 Aid to Fducation. 
Inc. 

Dr. I301ver1 \\.;IS formerly prc\iilcnl o i  th: Cniver\ily of lo\\;l 
and !la\ rcccnlly bccri nanicil ~irc\itlent of 'Thc C'larc~~iont 
(;radualc School. Clarcrnont. ('.~lil'orni;i. 

" I t  is no secret tliat higllc~ educ;~tion has bee11 i r ~  a 
turbulent period. Some of tile stresses in our society - those 
associated witli racial strift.. poverty, the war in Viet Nani. tllc 
overenipflasis on material v~lues.  and the oppressivcriess of 
1:irge organizations - havc bcen reflected on the campus. In 
addition, young people of  the present 18 to 23 gencration. 
whether in college or not. liave bcen struggling for adult status 
and adult freedoms. The outconic of these two sets of forces 
has been varying degrees of unrest on tlie campus. Tlrc 
i~niversitics Ii;~ve been trying to nlcct these new cor~ditiolis ; ~ r ~ d  
pressures. As yet they liave satisficcl ricitf~er the more milit:~nt 
students wllo want faster ctlarlgc nor many nienibers of t11e 
public who want to  continue restraints on  the young and ivlio 
are fearful of  open discussion of unorthodox or radical ideas. 
The universities in recent years liave been caug111 in the 
middle, arid liave been subject to criticism. and soriietimes 
abuse from t wo directions. 

"Tlic colleges and universities at this tinie nccd spccial 
understarldir~g and moral support frorn tlie public, from 
donors, ; I I I ~  fro111 political 1eadcl.s. There are many persoris 
today who would threaten tlle precious freedoni and 
autorioniy of  the universities by iiiiposing loyalty oatlls. 
restrictions o n  freedom of thougllt and speech. control over 
what is taught and what is studied. supewisiori over tlle 
selection of  faculty and students, and detailed control over 
internal budgets. Tliere are also some - both private donors 
arid public legislators - who wcii~ld withdraw financial support 
as a kind of punitive rneasurc. And unfortunately people ;Ire 
sometinies rather undiscriminati~ig in that they blame tlie 
Ilnir-ersit} o f  Texas, o r  Rice, or the University of  Iowa for 
what may 11;lve happened at San Francisco State or Columbia. 
For those wlio arc critical o f  higher education today, I would 
like t o  offer several thoughts. 

"First, tllc impression of higllcr education presented in 111s 
mass media c~npliasizes disorders and conflicts. Disorders liave 
indeed hecn disastrous at tliroe or four institulions in 

Calilrriia and New York. and have been mildly troublesome 
at many. I-lowever. tlie plain fuct is that disorderly conduct is 
rare and thar the ovcrwlielming majority of  students and 
faculty. 09 percent at least. at tnost institutions. cerlainly 
inc l~~ding  tlic University of lo\va, are performing creditably blr 
anv I ~ ; I ~ O I I ; I ~ ~ C  standard. Illdeed. some of  [lie disorder is 
I c ) n ~ c ~ ~ t c t l  I>y persons w l ~ o  ;Ire not students : i t  all. but 
I~angers-on. 'I'lie students witli few exceptions are orderly. hard 
working. morally upriglit, idealistic, comn~i t ted  to  learnins. 
and dedicated t o  the advancement of American society. S o  
yoilr~ger generation has ever seen eye t o  eye with its elders, 
arid this generation is no exception. But in morality, idealism, 
lionesty, and hard work tliey are suptrior t o  any previous 
collcgc generation and superior to  any other  m;~jor segment of  
our society. Tliey are far a1ic;ld of lily o\vn collcgc gencriirion. 
l'llcy :IIT 1101 perfect: some of them make niis~akcs: some of  
l l~eni    re rude and unkempt; sonietirnes they d o  and say s t ~ ~ p i d  
things. 1Ju1 who doesn't? To indict tlie wliolc present 
gencr;rtion of  s t t~dcnts  and young faculty - as some are 
inclined to d o  - is grossly unfair and irresponsible. 

"1'0 tllosc adults ivlio criticize the college generation I 
ivould say: Remember tliat these young people are your  sons 
;tnd d;r~rgliters and mine, not some abstract collection of  
~)col>lc tile universities havc gathered together. These yc-lung 
~ ~ c o l > l c  arc 11ic way they arc 11ot because of  wh:lt t l ~ c  colleges 
arid ~ ~ ~ ~ i v c ~ . s i t i e s  have done, htit hecause of what tlicir flrriiilies, 
tlicir communities. and A~iicrican society have done. But in 
fact tlie current crop of college students is in no sense 
degenerate. Tliey are on the whole admirable young men and 
U'olllell. 

"Second, the established colleges arid universities are 
oi~lstantlingly successful in carrying out their mission of  
education, research, and public service. They havc rlever been 
more crcalivc. or more stiriii~laling, or more effeclivc in serving 
socic~y.  A111crican higher cducation is the envy of  the entire 
world. By any criticism - abi l i~y of  faculty, standards. 
teacliing effectiveness. research ; ~ n d  scholarly acconiplishnient 
- Ar~icrican colleges and universities are vastly superior to  the 
institutions of  ten, twenty. or fifty years ago. 

"Tl~ird. tlic universities of America are today woven more 
closcly into the fabric of our society than ever before. Our 
ecolioniy, our governnicnl, our military strcngtll. our 
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