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PHYSICAL ECIEYCE IX THE SECOSDr1R'I.T SCAOOLS. 

BY CHARLES F. MABFRY, PROFESSOR OF  CEIEVISTRY IF THE CASE 

SCHOOL O F  APPLIFD SCIENCE,  CLCVELAKD, OHIO. 

I s  vier.. of tliii funrlnuiental charrgcs i n  n~e thods  of erlucrttion 
witbin the last t~vetity-five gears in testing esperinientally the 
educational value of suhjccts ~ ~ h i c h  formerly were no t  recognized 
as a part of l i l~era ltraining, i t  is to be expected that  the secondary 
schools sl1.,*1l4a ~ ~ a i tthe resnlts of such trials in the  higher insti-  
tutions. " i i  ' : i b . ,  and energy devoted to thecomparative efficiency 
of different metl-locls or the comparative value of different sub- 
jects in these schools should be extremely limited. They can 
afford no loss of time in nncertain paths. I t  is more reasonable 
and econotnica.1 to  leave all  teaching in experimental nlethods to 
tile mature juclgnlent and experience of educators who ha re  de- 
voted their lives tu this subject! and w l ~ o  have a t  their cornniand 
the  ample resourcrs of the college or the univereity. \\.it h no  con- 
straint$ in the  employment of their be& jutlgn~ent,  such as una- 
voidabl y e x i ~ t  in the common schools. 

With little thought it might seen] that the teaching in the 
c o n ~ ~ n o nschools, with aims and methods tviilely divergent f r o ~ n  
those in the higher grades, can be critically studied only by those 
~~7110 Uy~on close examination, hocverer, it ha re  them in charge. 
is evident that this difference is o n l j  one of degree? and experi- 
ence has shown cle ~ r i y  that the best suggestions for elementary 
training come from persons engaged in higher t~achinp. .  or from 
persons who are able to adapt methods of higher teaching to the 
wants of younger pupils. Indeed, the inethocls univerrally ac-
cepted as the most worthy are  the results of study and inrestiga- 
tion in the fields of advanced knowledge. 

Nevertheless, with the best rnethotls and  all the wisdom nncl 
judgment of generations of experienced educators, any ~ys te rn  of 
educat,ion may fail utterly if i t  is not supported by teac.lierr. who 
l ~ a v ean  enthusiastic interest in imparting l i n o ~ ~ ~ l ~ d g e .  Without 
t l ~ e  personality of such a teacher, one subject a s  well as another 
rnay fall into a tecljous, uninteresting rout i r~e  Even in labora- 
tory training, in which i t  is  not difficult to rriaintain a lively in- 
terest, t h e  teaching may easily take a form which fails to acconi- 
plish the  especial objects for which i t  is intended. The study of 
natura l  phenomena under skilful guitlance results i n  the protliic- 
tion of self-reliant stuclents. 

I n  the  domain of natural  ant1 physical science, instruction may 
now he considered as having passed the  experimental stage, not 
only in  the higher grades, hut in the comnlon schools, and the  
e:lucational value of such instructior is recognized as a part  of 
liberal education. Aside from the practical information, ~ v h i c h  
is a par t  of general linowledge, the characteristic benefits of s r i -  
entific training appear in the tllorough discipline in  methodical 
habits of s tudy and a n  intelligent use of the perceptions. If 
these are  the  results of the study of science in the higher grades, 
wily may not the  same methods, simplified and properly applied, 
form a part  of the m e m s  for the clevelopment of younger pupils? 
When \ve consider the great breadth of the field of knowledge 
ancl the limited span of the average human life to  compass it, i t  
seems a very short  intellectual step from the  development in the  
mind of the  child to the more mature  condition of the youthful 
intellect as i t  passes through the rarious stages of collegiate 
training. 

I n  most high schools attempts a re  now made to teach physics 
a n d  chemistry, but under very adverse circun~stances. There 
are  certain difficulties to be overcome in the proper development 
of such teaching, but  they should not be looked upon too seri- 

ously. The earlier condition, i n  which Latin and Greelr 'ix3ere 
selected as soon a s  the  stutlent had covered the ground of the 
elernentary English branches, is, happily, adjusting itself on a 
reasonable basis. Pe r l~apsit is of more importance that  tlip 
wide range of subjects included i n  the average I~igll-school course 
n~r i s tresult in a slight ancl superficial lznowletlge of n l a ~ l r  things 
rather than a thorougli training with r e f e r ~ n c e  to correct habits 
of thought and ~ t u d p  in any direction. I'robably thenlore serious 
hindrance to 1al)oratorg teaching in chemistry and physics to 
classes of a n y  magnitude is the expense of the necessary ap-
pliances and a lack of linon~ledge of a proper and economical 
expenditure of t ime and energy. 

The utility of physical science prol~erlg laugh1 a ?  a nlean? cf 
m ~ n t a lculture and discipline hap heel] f ~ i l l y  den~onsttated ill the. 
rigorous tests i t  has withstood in the severe crit icisn~ o f  nlodern 
educational methods. The particular value of such teaching is  
nlaliifest i n  the opportunities i t  affords for accurate observation. 
exercise in methods of inductive reasoning. and practice in record- 
ing the impressions in  the  form of notes. The inost satisfactory 
as nel l  as the most c o n ~ e n i r n t  method of imparting knowledge 
of the  principles of physical science to classes is by lecture-table 
demonstration. Text-hooks rnay be used as an  aid, but the per- 
sonality of the instructor behind illustrative experiments is the 
nloat direct, and in fact  the  only method hereby an  eager in- 
terest can be aroused in  the pupil. Lecture-ta\,le demonstratio; 
and latroratory practice under t h s  in~mediate  oversight of an  in- 
telligent instructor shollld proceed hand in hand. 

There is still another r i ew,  \rhich: i t  seenis to  me? is worthy 
of consideration. I'robably no one will deny that practical 
knowledge shol~lrl be imparted wlienever i t  is consistent with 
proper mental d i~cipl ine .  Certainly there are  important reasons 
for including a s  much practical information as possible in a n y  
high-school course. Must of the young men who graduate  en- 
gage in business, and a comparatively small number of the young 
women continue their studies berond the  high school. Any 
young man in  business has a constant use for knom~leclge of the  
chemical composition of substances, their  phgsical and  chemim~ll 
properties, and their uses. Much of such information mag easily 
be included in elementary courses of instruction. Every young 
woman should understand the  principles of vet~tilation, of sani- 
tary  appliances, the applications of weights and measures in  the  
household, and the ordinary cllemical changes which are  the  
hasis of the preparation of foods, as well as the  influence of tem- 
perature upon such changes. The ordinarg chemical changes in  
bread-making, in fermentation, in decay! and similar operations 
should be common knowledge; yet there are,  doubtless, very few 
of t l ~ e  poung lady graduates of the  high schools who possess a 
correct knowledge of this subject. 

X am well aware  of the apparent difficulties in the  way of cle- 
reloping laboratory instruction, and I shall venture to propose 
metlrocls which max be readily applied i n  any high school. I f  i t  
is granted that  the res~l l t s  of suita1)le instruction in c l~u len ta ry  
physica.1 science are  worthy of the  effort, these dificn;ties a re  
limited to two directions, and they ]nay he easily overcome. 
Perllaps the most serious obstacle is the  exl~ense  of equipment 
and maintenance of laboratory practice. In  :t loon1 40 by 30' 
fort?-eight desks may  he arranged with ample accom~l?udations 
for  ninety-six ~ t u d e n t s  working in t n  o divisions or for one hun.  
dred ancl forty-four stuclents a o i k i n g  in three di r is~ons ,  n,i t l~;  
separate drawers and lockers for the apparatus of each division, 
and with all necessary hood-space and sinks. The cost of the 
arrangement of such a laboratory, i n c l u d ~ n g  all gas - f i t t~ng  and 
plumbing, and all reagent bottles, in f ac t  fully equipped, except. 
with apparatus for indix idua! students, bhould be less than $1,500. 
The cost of apparatus needed by each ktudent ahould not exceed 
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$5. The cost per year of chemicals and of apparatus to provide 
for breakage should not exceed $6. A class of twenty-five stu- 
dents can be accommodated in a room 20' by 27', and the expense 
of a complete equipment should noL exceed $700. For smaller 
classes the cost should be proporbionally less. These esti~nates 
are based on the results nf extended experience in  the construc- 
tion and arrangement of several laboratories, which it  has been 
my forlune to superintend. 

The second obstacle mentioned above has reference to  the 
large teaching force which would apparently be required in such 
instruction. but i t  would seem that it  is rather a result of a want 
of knowledge of the best uiethoda of teaching physical science, 
both on the part of executive hoards and of niany teachers 
themselves. From the results of niy own experience in similar 
grades, as well as in more advanced instruction, I am convinced 
that  this difficulty is oaly apparent, In  a hizh-school course 
of three or four years, physics should be taught during the junior 
pear and chemistry i n  the senior year. 

In chemistry, two hours a week should be devoted to lecture 
demonatration, with two afternoons, of two hours each, to lahor- 
atory work, and one hour to a recitation on the subjects of the 
lectures and laboratory practice. The same method should be 
ailopted in  the physics of the third year, although from tile nature 
of this subject perhaps a text-book may be used more freely. 

Thr same laboratory will serve for both physics and chem~s  ry, 
and in physics the same apparatus will serve for different 
students. Hitherto the chief diEcultp in teaching experiment- 
a l  pllysics has been the high cost of the apparatus; but sugges- 
tions concerning inexpensive forms of apparatus have recently 
been glven for the benefit of the secondary schools by professors 
of physics, especially by the professors a t  the Jefferson Physical 
Laboratory of Harvard University, and such apparatus is for sale 
by the dealers a t  a small cost. The same instructor may have 
charge of physics and chemistry, and the success of such teach- 
ing would depend upon his particular qualifications. B e  should 
be allowed a t  least eight hours a week to prepare for class-room 
and laboratory exercises, with some aid from the  janitor or 
other servant. He should still ].lave considerable time rl hich 
could be devoted to such other teaching as might seem expedi-
ent ,  perhaps i n  some other branches of science. I n  the high 
schools outside of the larger cities the annual salary of an in- 
structor should be between $600 and $1:500, depending upon the 
size of the scl~ool. One instructor can easily teaell a class of 
thirtr members; i n  the larger schools, laboratory assistants would 
be necessary; lady teachers with suitable pleperation are very 
successful in  laboratory teaching, and this service could be com- 
bined with other duties. 

I am aware that  excellent training in elementary physical 
science i q  given in some of the high schools in the larger cities: 
but, notably throughont the West, such teaching, wheri it is 
given a t  all, is usually confined to routine text-book methods, 
with little, if any, experimental illustration, a t  least by the 
students themselves. Such a sjstem as the one herein described 
requires certain small expenditures, but the efficiency of the 
high-school instruction would thereby be greatly improsed, and 
the public would soon appreciate the  importance of sustaining 
efforts leading to broader and more practical training.' 

If a t  Erst the governing boards of high schools should feel the 
need of suggestions in the preparation of plans and estimates for 
equipment of laboratory rooms, I am sure that professors in 
charge of laboratories would gladly render stlc11 assistance. The 
success of thissystem requiresa knowledge of special methods, 
which many teachera do not possess, but they are enabled to acquire 
i t  in laboratories u hich are open during a part of the summer va- 
catior. The chemical laboratory of Karrard University was first 
opened during the summer of 1873 for the benefit of teachers, 
and many now Lave charge of responsible teaching 'tlirongh the 
knowledge acquired by continuous attendance during successive 
vacations. 

1 Every citizen is direotly interested in the welfare of the public schools, 
and all parents will heartily support any endeavor looking towaras the 
attainment of the greateathamount of useful knowledge, as well as the best 
mental development for their children. 

What has been said about physical ~ciencr? in the seoondt-try 
schools may apply in a different sense and on a higher plain to 
the condition of scientific training in many colleges. The in- 
creasing demand for the admission of college graduates to ad- 
vanced standing i n  schools of science shoulcl be encouraged, 
since the discipline of a collegiate course is a n  excellent founda- 
tion for advanced scientific study, provided i t  includes thorough 
instruction in the elementary branches of science. A college 
course should offer, as  a part of its required work, comprehen- 
sive training i n  general and descriptive chemistry and descriptive 
physics with extensive laboratory practice in both subjects. Blost 
colleges can also give elective instruction in qualitative chemical 
analysis, with some additional study in quantitative analysis 
Graduates from such courses, which should also include French 
and German, are well qualified to enter the junior year in  the 
best scientific schools. Unforttunately, a t  present, not a l l  collrges 
give a sufficiently thorough drill in elementary physical science, 
in  consequence of which many graduates who desire to enter 
schools of science labor under a serious disadvantage from a 
want of the more elementary knowledge. RTost, colleges, doubt- 
less, feel that  they devote as much attention t o  scientitic subjects 
as is consistent with the thorough general training that is expected 
i n  a college course. While this may be true in part, i t  must he 
admitted that thorough training i n  physical science should now 
hare aa important a place in a college course a s  mathematics or 
the ancient languages. I t  is  not to be expected that the college 
can provide the expensive equipment for the study of science that 
is the foundation of the school of science. But every college 
can afford the small expenditure that will thoroughly equip an6 
maintain u~orlring rooms for the use of elementary physics 
and chemistry, with sufficient instruction to render this study 
interesting and profitable. The feeling of mutual interest and 
dependence between the secondary schools and the scientific 
schools. and perhaps in  a less degree between the college and the 
scientific school as a professional school, should he promoted and 
encouraged; and whatever aid i t  is possible to render in either 
direction should be cheerfully granted. 

OUR VACANT PUBLIC LANDS. 

BY F. H. NEWELL, WASIIINGTON, D.C. 

THEtotal area of the public lands vacant in  1892 has heen es- 
timated by the  Commissioner of the General Land Office at,  in 
round numbcrs, less that  568,000,000 acres, these being located 
in 25 states and territories. Of this total by fa r  the greater 
part, as is generally known, is in t1:e western half of the  United 
States and mainly west of the 100th meridian. Taking there- 
fore the Dakotas, E'ebraska, Kansas and Texas, and the states 
and territories to the west of these, numbering in all 16, these 
contained nearly 542,000,0LO acres, or about 96 per cent of the 
vacant puhllc lands. The rernainlng 26,000,000 acres in the 
nine political divisions to the east of the states named may be 
considered as of l ~ t t l e  value, a t  least for homesteads. A great 
part of this is in  the swamps of Florida and Louisiana or in what 
are generally considered non-agricultural regions of Arkansas, 
Michigan, Minnesota and Wisconsin. The Fery fact that these 
lands have not been taken up, although open to settlement for 
many years, testifies as to  the doubts or failures of would-be 
settlers. 

The rate a t  which the  public lands are being sold is also should 
in the reports of the officer abore mentioned, from which the 
following figures have been culled: 

Disposal of Public Lands. 
1890............................. 12,198,831 acres 

1891............................. 10,477:100 " 


1892.............................. 13,664,019 " 
During the year 1892, the disposal of lands has been abnorma. 

in  quantity, owing doubtless to several causes, hut mainly fron 
the legisla~ive or official side rather than from increase of settle 
ment. As a rule it  may be said that the sales of public landr 
have beeu steadily decreasing year by year until 1892, wher 


