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Many teachers of hjch schlol mathematics contend 

that gen~ral mathRmatics should n~ver be included in the 

curriculum. Others say that general math~matics is one 

of the most valuable courses offered :n our high schools. 

The purpose of th:is reriort is not to prov 0 or dis

prove the value of general mathematics, but we must 

assume that there are classes in general mathPmatics in 

our high schools before this reDort cou1.d claim validity. 

In fact, general mathematics ½as largelv replaced 

arithmet3c in grades seven and ei3ht and ;s nearly always 

one leg of the clouble track progr,un in :ri!nth grade mathe

matics curricula. 

If one takes the old axi::::m that the v1hole is greater 

than any of 3ts parts and apnl:ies it to tL<: fielcl of 

mathematics, he can easily see that general ~athematics 

could be considered as the whole while the seouential 

courses such as a1Jebra, geometry, and trigonometry 

could be considered as the parts. 

Some teachers consider the interrelations between 

the parts of more significance than the parts themselves. 

I consider a knowledge of the ~nterrelatjonship of the 

parts as being a valuable ass~t as well as a detailed 
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study of the parts as being of cultural and educational 

value for both the non-college and college bound pupil. 

In other words, we need both. 

We profess that the bulk of the general mathematics 

curriculum deals with the material which ev2ry well

informed citizen should have at his command, but many 

of our teachers of general mathematics do not possess 

this information, not to mention the background necessary 

for teaching it to boys and girls. I felt that I was 

one of these teachers. With this knowledge of my inade

quacy of training ancl background, I began a study of the 

whole field of general mathematics. 

I first tried to determine the area of general 

mathematics in which I felt most inadequate. In this 

endeavor, I always arrived at the fact that I was inade

quate in showing the practical applications of mathematics 

to my pupils. In short, I was one of the students de

scribed by Zant1 when he said: 

Many students who have a thorough knowledge 
of sequential mathematics do not know the more 
practical things such as consumer mathematics, 
simple statistics, the ability to use tables 
and the like. Hence, we must see that students 
who are interested in secuential courses in 
mathematics are also required to make them
selves competent in that Dart of mathematics 
which is n~eded by everyo~e. 

1James II. Zant, "The Improvement of High School 
Mathematics Courses as Recommended by the Commission 
on Post-1.\Tar Plans 11 , The Mathematics Teacher, Vol. 39, 
(1946), p. 273. 
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After having established this weakness in my 

training and background, I then began a study of how 

to remove this weakness. Realizing that I must become 

acauainted with as many applications as possible in a 

short length of time, I obtained as much material as 

I could on mathematics laboratories. 

Strictly speaking, mathematics is not an 
experimental science, yet it has an almost 
unlimited number of applications to economic, 
commercial, engineering, and industrial 
situation, and to the natural sciences. 
These applications are probably more inter
esting to most students than the abstract 
material of textbooks. If applications 
are selected and studied in such a way as 
to emphasize th 0 mathematical principles 
which underlie them, they are valuable 
from a math~matical standpoint.2 

I was surprised to find that the mathematics labora

tory is not just a mere phrase, but that many teachers 

are havjng great success in teachinc general mathematics 

in this mann2r. I was also surprised to find that so 

much material has be~n written on this subject. 

It must be emphasized that the whole course of 

general mathematics does not lend itself to laboratory 

or field work, but many units do have wonderful practical 

applications. It must also be emphasized that the labora

tory method of instruction does not take the place of any 

part of general mathematics, but only tends to strengthen 

certain units throughout the course. 

2c. H. Butler ancl F. L. Wren, 
Secondary Mathematics, (New· York: 
Company, Inc., 1951), pp. 120-1. 
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ase2 of m~thematics. For 

example, Vej<ak3 says: 
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r::t.tr"1}1:3. I11str1-1c-ti()TI i:·1 t~·J_js ,~10i_1r·ir~.t of 
math0matic~ th~rcfore larcc part should 
b2 ;;f th-:: ':mrk-sho~1 or 1 aboratory tyi,e. 

4n 1 ,.4. G. (? els, "T11c~ Use: 
Vur1,osos n 'T'110 i(.,.~-h"'!T['."\ -/- .'. C"' _,_ ;_-· ...._. , ~ J.t,..,:t, L J .. :..•.- .·., _ L- __ , ~-· 

of Apnlications for Instructional 
Teach,~r, Vol. 34-, (194-1), p. 83. 
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After I became convinced that a laboratory approach 

· to the teaching of a part of general mathematics was a 

logical and adequate approach, I began an investigation 

as to which phases of the laboratory material suggested 

by leaders in the field would be of most value for me 

to study. After careful investigation, I found that I 

was weakest in preparation in mathematics of finance and 

the use of and mathematical principles involved in measur

ing and surveying instruments. My enrollment in a course 

entitled ".Mathematics of Finance" seemed to be a logical 

way to correct the first weakness. But what of the measur

ing and surveying instruments and their applications to 

general high school mathematics? There was no course 

available. So, beine a persistent individual, I proceeded 

to find the answer for myself. 

During the remainder of this paper, I shall report 

a part of my findings on "Measuring and Surveying Instru

ments Suitable for a General Mathematics Laboratory." 

It is my wish that the bringing together of this material 

will not only be a great addition to my training as a 

teacher of general mathematics, but that the reporting 

of this information will make ready reference material 

available to myself in my teaching position and for any 

of the other members of the National Science Foundation 

teachers who care to make use of this paper. 

In order to simplify the report and to make it 

easier to use for future reference, I shall limit my 
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report to only about twenty-five of the some one hundred 

instruments studied. These twenty-five were chosen be

cause of either the mathematical princi.ple involved in 

their uses, ease with which they can be obtained or 

made, or interesting applic2.tions in v,rhich they are used. 

For further simplification, I sh~ll divjde the 

remainder of the report into six sectJons in the follow

ing manner: 

1. The name of the instruments or pieces of 
equipment, the5r general appearance, and 
a source of available classroom-size 
photographs, where applicable. 

2. The mathematical principle involved in 
each of the instruments, where applicable. 

3. The current retail price of each of the 
instruments. This price will be for the 
lowest priced instrument of good grade 
as found in current catalogs of scientific 
supply houses. · 

4. Some uses and applications of the instru
ments adaptable to the mathematics 
laboratory. 

5. The instruments that can be homemade 
and procedure, where deemed necessary 
or applicable. 

6. The instruments that can be borrowed 
from other institutions or agencies and 
where each of these could be borrowed. 

viii 
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CHAPTER I 

INSTRUJl'T\NTS AND TIIBIR AP-PB.1\JzANCB 

Followjng is a list of instruments chosen for the 

basis of this report. 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 

Angle mirror 
Jacob's staff 
Plane table 
Alidade 
Proportional dividers 
Clinometer 
Groma or surveyor's cross 
Hypsometer 
Planjmeter 
Level 
Compass 
Transit and rod 
Sextant 
Vernier 
Pantograph 
Juadrant 
Plumb line and bob 
Odometer 
Chartometer 
Theodolite 
Ruler, tape, and m~ter stick 
Micrometer 
Balances horn pan type spec if icall y 
Carpenter's square 
Nephoscope 

The angle mirror is used in laying out angles or 

circles when given a known diamr=--ter. It consists of 

two mirrors on a frame, the rnjrrors meeting at an angle. 

The Jacob's or cross staff has the ar,pearance of 

a cross with one of the bars shorter than the other. 

The shorter bar is made so that it will slide along the 
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longer bar in four directions, to the right, left, 

f onvard, or back,,vard. 

A plane table is nothing more than a draw:i.ng board 

mounted on a tripod. The r,lane table usually has 2, 

compass along one edge. It is free to rotate on the 

tripod, but fitted with a locking device so that it can 

be held in one position. 

/\.n alidade is nothin3: more than a ruler Ivi th a 

sighting device attached. Some alidades have sights 

with vPrtical slits at each end and others have tele-

scopes attached. 

Proportional dividers or compass~s consist of two 

equal bars joined by an adjustable screw in which the 

distance from the screw to one end of one bar is equal 

to the distance from the screw to one end of the second 

bar. This also makPs the distances from the screw to 

the other ends of the bars equal to one another. This 

is the same as having two sets of dividers with different 

lengths of legs but open at the same angle. 

11The clinometer is a sighting tube viri th cross wires 

nlaced at the outer end. A quadrant scale graduated in 

degrees from Oto 90 is mounted on the side. 111 

"The Surveyor's Cross is a modern ad.apation of the 

groma of Roman times. The former consists of a double 

1B. C. Hayne~, Techniques of Observing the 1c1Jeather, 
(l'Jew York: John 1,"hley and Sons, Inc., 194 'i), pp. 55-56. 
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double alidade with the two parts rigidly set at right 

angles on a tripod. 112 

A hyrsometer consists of a rectangle that has been 

divided into small squares and a plumb line and bob 

attached to one corner of the rectangle. 

A planimeter is an instrument used to measure areas 

of irreeularly shaped figures. It arrears to be two 

rods connected by a hinge. The other encl of one of the 

rods is arranged so that it will not slide while the 

free end of the second rod is on a roller with the roller 

being graduated. 

Nearly everyone has seen a carpenter's level. The 

surveyor's level is very similiar except that it has a 

telescope attached and the level is attached to a tripod 

when in use. 

The compass is a direction finder and appears in 

many forms. Most people have seen one at an early age 

in life. The compass is simply a magnetized needle free 

to turn on an axis. 

The transit :i.s simply a telescor·e mounted on a 

vertical protractor anct these two parts can be turned on 

a horizontal protractor. The levelint:; rod is used 1n 

conjunction 1vith the transit and level anc.l :ts just a long 

rod marked off in equal lengths similiar to a ruler. 

2 A. Leonhardy, M. Joseph, and R. D. McLeary, New 
Trend Geometry, (New York: Charl':'s E. Merrill Co., "-'I"9'40), 
p. 341. 
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The sextant consists of a sight piece, two mirrors 

and a graduated arc arranged so that angles in any plane 

can be measured. 

In 1631, Pierre Vernier invented the vernier. It 

consists of a small sliding scale parallel to a large 

one. Verniers are found on sextants, mercurial barometers, 

and other precision instruments. 

The pantograph consists of at least four rods joined 

to form a parallelogram. It is adjustable to form other 

parallelograms having sides of different ratios. 

A quadrant is a quart~r of a circle. In making 

use of this instrument, we attach a plumb line and bob 

at the right angle [or center of the c:ircl~ and graduate 

the arc in degrees. 

A plumb line and bob is simply a string with a 

weight attached to one end. 

The odometer invented by Leonardo Da Vinci is a 

wheel with an attached counter that counts the number 

of revolutions the Hheel makes ,\Then it is rolled along 

the ground. 

The chartometer is very much like the odometer 

only much smaller. The chartometer is used with paper 

on a desk while the odometer is used :in the field. 

The n1odern theodolite looks much like the modern 

transit but differs in one respect. Instead of having 

the telescope directly lined with the eyepiece as in 

the transit, the theodolite has the tube of the telescope 

4 
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perpendicular to the eyepiece with a mirror to reflect 

the light. It will be shown later why there is a dif-

ference in construction. 

The micrometer caliper is U shaped with a bar that 

can be extended from the inside of one end of the open 

U to the other. 

A balance is a bar with half of the bars weight 

extending on either side of a kn5fe edge on which the 

bar is resting. The horn pan type of bv.lance has pans 

of equal weight attached to the ends of the bar which 

allows objects to be placed in the pans and compared as 

to weight. 

A carpenter's square is two bars meeting one another 

at one end of each bar at right angles. One bar is 

usually larger than the other. 

A nephoscope looks very much like a television 

antenna and mast except that the crosspieces are the 

same length and all the crosspieces are equidistant 

anart. 

Classification of Mathematical 
Instruments, 3 With Sources* 

*Abbreviations used: 
B. & s. - - Browne and Sharpe Co., 

Providence, R. I. 
Cenco Cat - Catalog of the Central 

Scientific Co., Chicago, 
Illinois. 

3The National Council of Teachers of Mathematics, 
Multi-Sensory Aids in the Teaching of Mathematics, 
Eighteenth Yearbook, (New York: Teachers Collep-e, 
Columbia University, 1945), pp. 198-200. ? 
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Comp. - Used in "From Comp" .to mean 
picture supplied by the 
manufacturer. 

K & E Keuf f el and Esser Co., Nev.r 
York City. 

KW - - Catalog, Kelvin White Co., 
Boston, Massachusetts. 

In the following classification will be 
found the name of the instrument, followed by 
a few selected sources of pictures large 
enough to be of use in the classroom. 

Section I - MEASUREMBNT INSTRUM"ENTS 
Part A: Laboratory Instruments 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2. Length 

Calipers - Cenco Cat.; B. & s. Cat. 
Micrometer screw - Cenco Cat.; 
B. 8r S. Cat. 

3. Mass and Weight 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Analytic Balances - Cenco Cat., 
From Co111p. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Part B: Applied Instruments 

1. Surveying 
Groma - So. Kensington Museum 
Quadrant - Third Yearbook National 

Council of Teachers of 
Mathematics 

Plane Table - K & E Catalog, From 
Comp. 

Theodolite - So. Kensington Museum, 
From Comp. 

Transit - K & E Cat., From Comp. 
Level - K & E Cat., From Comp. 
Leveling Rod - K & E Cat. 
Surveying Compass - K & E Cat. 

2. Navigating 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sextant - K & E Cat., From Comp. 
Nautical Comnass - KW Cat. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Section II - CALClJLATION INST9.UMBNTS 
Part A: Graphical Methods 

1. Draw.ing Instruments 
Prooortional dividers - K & E Cat. 
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Pantograph - K & ~ Cat. 
/ .............................. . 

_ _/ 

_ __/ 

2. Nomographs 
Vernier Scale - Picture of sextant 

3. Lengths of curves 
Cur!e M2asurer - A. Gall~, ~athe
mat1sch~ Instrumente, Le1pz1g, 
1912, p. 6:S. 

4. A.re as 
Planimeter - K & S Cat., From Comp. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Part C: Solving Bquations 

1. With balancps - L. Jaco~, Calcul 
Mecanique, Paris, 1911, p. 132. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Figure 1. Princinles of angle mirror 

Tf a ]:<?r1,0nc1:ci11c1-r is to be constn·,cted 
to line KTI at B, si3ht from G through a 
·.vindcn,, above the n:· rror at D to s taL,,, I: at 
rt C(Jnvei1i.r~n.t point i11 l 1.11e r:.-s. Tl1.211 ~:.zt,rc 
2. sc?co11cI sta.J~~e 1 s0t v.~··1 1J-y" ari ~ss:~_st8 .. nt so 
th:J_ t its irnac:-': is ref J 2 ctcd t 1 v3 ce, as 
indicated by the arrows in the diagram, 
and aprears in the m~rror at D, dir0ctly 
under anc2 in lin>? with the strike X seen 
through th"' ,vindow. Then the line BL 
is per~~ndicular to K~ as desirect. 1 

TlY" rnatJ:crr1at.:ca1 princ-ir1e is th;:tt angle K'SL will 

always be twjce angle HPD. 

11,,.,on11"··alu Tocc. 1-11 "n(~ HcT 0 """ P· lLl'"l 
• , ,__7 .,;.. CL J_ ) ' "_,. ..:.:, ·~ } I 7 Ct.-'-,~ ~ t 1 ·-; .,.___., . J Ct ..l y ' · , ,~ / • 

8 



C. 

/ 
/ 

/ 
/ 

B 

Figure 2. Principle of measurement 
bf vertical dis~ance with 
Jacob's staff. 

13C = /\B Jc DB 
A~ 

--- -,,,,,, 
]) 

--- / 
-- -- I / e __ __. -- B . 

A<$ A<-:Y--& 
C. ---- c:-C ---- ' -- -- ' -- --

Figu:re 3.. Mathem3.tical Principle of 
measuring horizontal inaccessible 
distance with a Jacob's staff. 

D'S = .!\/\ x BC~ 
,'.,() 

The fundamental operation of the Jacob's 
staff is that of measuring the angle of sight 
of a given object. This is done by nlacing 
at a determ:inable d:i.stance from the eye a 
suitable object such as a short rod, so that 
its ends coincide with the lines of sight 
from the ends of the obj~ct to b? measured. 

E. 
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The natural means of carrying out such an 
oDeration are the outstretched atm and the 
flngers of the hand held close together 
and at right angles, to the 2.rm. i\ t some 
period of man's history some unlmovm 
individual must have noticed the relation
ship between the size of the angle of 
sight and the number of fingers held 
together. 2 

The method used in the simplest form of a Jacob's 

staff is to change the length of the arm which varies 

the angle instead of varying the length determined by 

the closed fingers. 

One finds the desired distances by solving for 

parts of similiar triangles as shown in Figures 1 and 2. 

The plane table and alidade are used as a team in 

elementary mapping and surveying. f~nce, they are 

discussed as a team rather than separate instruments. 

They use one of two rrinciples, either the principle 

of radiation from a point or intersections of lines of 

sight taken from both ends of a given, or established, 

base line. In either case the alidade is the sighting 

instrument ancl the plane table is the dravdng board, 

level, and point of reference. 

Proportional dividers are used for enlarging or 

reducing maps and such. This instrument is simply based 

on the principle of proportionality of corresnonding 

parts of similiar triangles. 

2Tl .,., t . 1 C · 1 1.· T 1 C H th ~ . 1e l'Ja J.ona ounc~ 01 eac.1ers or F1a · ~mac1.cs, 
Surveying Instruments, Nineteenth Yearbook, (Hew York: 
Teachers College, Col ur,1b5.a University, 1947), p. 83. 
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The tracer of a planimeter is passed round the 

per3phery of an area to be measured. This moves the 

flangP ~1Theel, 1,rhich eith 0 r turns or slides on the paper 

according to the direct1on the tracer is moving. 

The pl::rnimeter is actually an integrate:r. The 

instrument simply measures the ordinate of the integral 

curve and. 1ve multiply by the constant of the machine to 

get the area of the figure~ 

The basic principle invol vecl in the level wh:ich is 

used in surveying is to establish planes in which the 

lines of sight will be horizontal. 

The principle i_nvol ved in the compass is that no 

matter vvhere a person is located on the northern hemi

sphere, one end of the compass needle nearly always 

noints to the same point. 

The compass needle cloes not point to the 
true nort1t pole but to the magnetic pole. 
The angle bet1,1een true north-south meridian 
and the magnetjc merjdian is call1=d the 
magnetic declination. Imaginary lines 
connecting places having the same declina
tion are called :lsogonic lines. These 
lines are very j_rregular. The declination 
in the United States ranies from 22 degrees 
west to 24 degrees east. 

The transit =~s an :instrument used to rnr:;asure angles 

as well as to level. It measures an;;les :in both vertical 

and horizontal planes. "It thus provides a combined 

12 

4The National Council of Teachers of Mathematics, 
Selected Tonics in the Teachin~ of Mathematics, Third 
Yearbook, nJew York=-Teachers Collr-:~o;e, Columbia University, 
1928), p. 215. 



means for securing all data needed in any field problems 

in surveying or mapping or in the indirect measurement 

of distances. 115 

The leveling rod is required for all leveling work 

and for some of the work with the transit. It is simply 

an oversized ruler. 

A convenient hand instrument used for 
measuring angles in any plane and an indis
pensable aid in determin:ing the latitude of 
a shjn at sea is a sextant. The sextant's 
name is derived from the fact that it con
tains a sixty degree arc of a c5rcle. In 
Figure 5, DD' is a sixty degree arc of a 
cjrcle whose center is M; this arc is grad
uated from zero degrees to 120 degrees. MC 
is a movable arm, which has a mjrror at Min 
line with i~ and pernendicular to the nlane 
of the sextant. ~ixed at M' is anothe~ 
mirror, the horizon glass, also perpendicular 
to the plane of the sextant anrt narall2l to 
MD' • E is a small t,~lescope f ix~d across MD' 
and pointed toward the mirror M'. Since 
only the lower half of this mirror is sil
vered, if the observer wjshes to find the 
angle of elevation of the sun, he first 
sights the horizon through the unsilvered 
portion. Then the arm MC is moved so that 
the ima~e of the sun is rPflected from 
mirror~ to mirror M' and-thence through 
the telescope to thP eve. The observation 
consists in bringing the horizon and the 
image of thP sun into coincidence. The 
angle of elevation of the sun is read on 
thr->. graduatecl arc. 

Because ~tis often djfficult to seP the 
horizon, a buobJ.e sextant is usually use cl. A 
small spirit level is attached to th~ tube of 
the telescope, and when the bubble ~s centered, 
the effect :is th2 same as that 1.1hich is pro
duced when the horizon 3s sighted.b 

5 
Butler and Wren, p. 115. 

6Leonhardy, Joseph, and McLeary, pp. 231-233. 
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Angle MFM' is equal to twice angle D'MC. Hence, 

arc DD' must be graduated from zero degrees to 120 

degrees. This comes from the fact that an exterior 

angle of a triangle ecuals the sum of the opposite 

interior angles. 

Figure 5. Principles 
of sextant 

A vernier is sometimes attached to a sextant or 

other instruments when accurate measurements are wanted. 

The fact that two scalps side by side one of ,,vhich 

has all primary units subdivided into ten equal parts 

and the other has nine of these subdiv:is ions divided 

into ten equal parts which makes each division of this 

scale one-tenth of a primary subdivision shorter than 

a primary subdivision enables us to measure accurately 

to one-one hundredth of the main unit. An instrun2nt 

such as this is called a vernier, after its inventor 

Pierre Vernier. 
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The pantograph, an instrument used in enlarging 

and reducing maps and pictures is based on this principle; 

if two polygons are radically situated, they are similar. 

The quadrant, as the name .implies, .is Et qmuter 

arc of a circle and the principle involved in its use 1s 

the same as in the clinometer. 

ThP plumb-bob 1·1hen suspended from a line ;Nill point 

the line to the center of the earth on the bob end and 

toward the zenith on the suspenrled end. 

The odoneter and chartometer use the principle that 

the circumference of a circle is two times pi times the 

radius of th!~ circle. Thus by count in:_; the number of 

ti.mes the wheel rotates one can obtain the distance 

travel0d by measuring the radius of the wheel and comput-

The theoc1olite uses ex2.ctly the sar:-1e mathematical 

. . 1 th ·t pr1nc.::p .. es 2.s e trans 1. - • 

The ruler, tape, and meter stick are used by the 

principle of finding a certain distance in t2rms 

small"'r known distanc2 by countini the number of smaller 

distances within the larger distance. 

The rnicrometP.r uses tbc principle of the vernier 

1n measuring distances very accurately. 

The horn pan balance uses the principle of equality. 

Two obj~cts equal ~n m::i.ss, one in each pan, will make 

the bar of the balances assume a horlzontal position. 

15 
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The carpent~rs s~uare uses the zcom 0 try of the r~ght 

. . 1:r:.-,. 

tri,Tnt;les ;JJ1c1 ps.rcd.lel 1:inr-:s to obtain th2 c'::'rect5.on 

of n:ovem2nt zmr: v .. ,,J.oc:i_ty of cJouds. 

·-
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CI-L'\PT13R IV 

USE OF u.JSTRUMENTS IN CLASS 

C, C 

Jlb I I I I TI I1JJJJ]B 
Figure 6. One use of angle mirror 

Figure 6 shows an exercise that can b2 performed 

with an angle mirror, tape, and pole. A person wants 

to sketch a map of the bank of a creek or some other 

irregular line. 

Lay off a straight line AB some 
distance from the creek and mark every 
ten feet or some other interval. Then 
place at pole at Band have one student 
at A with an angle mirror while another 
student stands at the bank at C with 
another pole. The student at A has the 
one at C~rnove until both poles line up. 
Angle C,AB is then ninety degrees. The 
distance C,A is measured and noted. As 
soon as all the offsets are measured it 
is easy to plot the map by connecting c1 , 
c2 , and so on. The area between the line 
AB and the creek may be found by using 
the trapezoidal rule: Multiply the 
distance between the offsets by half 
the sum of the first and last offsrts 
plus the sum of the other offsets. 

1The National Council of Teachers of Mathematics, 
Third Yearbook, p. 205. 
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Other projects that can be solved by use of the 

angle mirror are the laying out of a football field or 

tennis court. 

A Jacob's staff can be used to measure vertical or 

horizontal distances when one or both ends of the line 

one wishes to measure is inaccessible. Some examples 

are the height of a flagpole or the distance between 

two points on the other side of a river (there isn't a 

bridge and the operator can't swim]. 

The plane table and alidade can be used to map an 

area bounded by straight lines and also to find the 

horizontal distance between two points, each inaccessible 

from the other and from any third point. The Jacob's 

staff can also be used in this case of inaccessibility. 

19 

Proportional dividers are extremely fascinating to 

students and can be used to enlarge or dra'N to scale almost 

any picture, map, or draw·ing. 

The clinometer is used to find the angle of elevation 

of any structure such as a build:i_ng or flagpole. The 

tangent of the angle found 1n this manner times the dis

tance from the structure will give the height of the 

structure. 

The chief use of the groma is to lay out right 

angles. It can be used to make indirect measurements 

such as AB in Figure 4 of this paper. Angles Band D 

are made right angles by use of the groma, if BCD and 
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ACB are straight lines, and if the distance BC, CD, and 

DE are known or can be measured then the length of AB 

can be computed. 

The hypsometer, a simple form of height-measuring 

instrument, is often used by forest rangers and lumber-

20 

men to determjne the height of trees. Its uses are very 

similiar to those of a clinometer only a different prin

ciple of mathematics is used in the hypsometer as described 

in Chapter II. 

The only practical use of the planimeter is to 

measure area of regular or j rregul ar figures dravm on 

a piece of paper. Howevpr, th.is area on the paper may 

be a map and in proportion to a larger area such as a 

field or pasture thereby making it possible to determine 

the actual area of a field by this method. 

To level means to find how much higher or lower 

one !)oint on th2 earth's surface is than. 2-rv,t1Y, r. There 

are several factors such as difference in elevation and 

the nature of the terra:in bet,.,1een the po in ts that affect 

the method of leveling. The modern bubble tub,=,, level 

isn't necessary in carrying out these projects but is 

certainly one of the instruments which make the job 

much easi"'r. However, some of the simple jnstruments 

mentioned earlier may be used if the modern level is not 

available. 
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Figure 7. Principle of leveling 

The fundamental principle of ordinary 
leveling is made clear in Figure 7. The 
height of a point A above an arb3trarly 
chosen horizontal plane the datum plane 
is assumed. A level instrument is set up 
in such a position that sights can be taken 
on a rod held at A and B. All the lines 
of sight from the instrument at any fixed 
height determine a horizontal plane. 
Suppose that the sight on A reads 10 ft., 
while that on Breads 4 ft. Then the 
horizontal plane of sight is 10 ft. above 
A or 30 ft. above the datum plane; there
fore B, which is 4 ft. below the plane of 
sight must b2 26 ft. above the datum 
plane, and the difference in elevation 
beti,reen A and B is 6 ft.[· . . J2 
If the points A and Bare so far apart that they 

both cannot be seen from one point, th2n the elevation 

of points between A and B must be found ancl the leveling 

instrument moved to these points until the difference 

in elevation of A and B can be calculated. 

A compass can be used jn the classroom to show the 

students how to det 0 rmine directions if they are lost. 

2The National Council of T"'achers of Mathematics, 
Nineteenth Yearbook, p. 354. 
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It doesn't lend itself 'iJell to r~neated exa.rc.1se, but 

every person sbo1:J_d lmcrw how to use a compass. 

The transit can be used to solve any of the problems 

which can be solved by the use of tha level, hypsometer, 

groma, clinometer, Jacob's staff, or angle mirror prev-

iously described. It can also be used to solve problems 

in ~hich the cuadrant or theodolite are used which will 

be described presently. 

The sextant can bP used to determine latitude and 

the height of objects. March twenty-first and September 

twenty-third are the best dates to determ~n~ J~titude. 

On these two dates there need Pot be correction for 

declination. 

Most sextants have a vernier attached to their arc. 

This makes it poss :JJ1e to teach the use and pr inc :i ples 

of the vernier right along with teaching the use and 

princ3ples of the sextant. This offers another oppor-

tunity of teaching two principles at one time. 

The pantograph can be used to enlarge or reduce any 

plane figure of reasonable size. 

The quadrant can be used to measure the angle of 

elevation of arty point above the horizon. This is due 

to the fact thc1_t ongl":s ':dth th<? s:1rne complern~nt are 

etJttal. 

The 0uaclrant can also be usec in levelin,~~ 'i:hich 1vas 

described earlier in conjunction with the level. 
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It is interesting to note that the first attempts 

to measure the earth's circumference were made by the 

use of the quadrant. 

The plumb line and bob have no use in their own 

right other than to find the vertical. However, they 

are employed as a part of certain instruments such as 

the quadrant and hynsometer. 

The odometer can be used to measure distances such 

as the dimensions of a football field or even curved 

distances such as the length of a terra~e line or curved 

sidewalk. This fascinates boys and girls because they 

can quickly measure long distances with no more of a 

measuring device other than a short ruler to determine 

the radius of the wJ1eel used on the odometer. 

The chartometer can be used to measure the perimeter 

of any plane figure or the circumference of solid figures 

such as the cylind~r. & good exercise is to measure the 

miles of shoreline of a certain lake on a map which has 

been drawn to the desired scale. 

Wind directjon and velocity aloft can be determined 

by the use of a p31ot baloon and a theodol:te. The 

theodolite is a transit w~th the eyepiece making ri_ght 

angles to the main tub2 of the telescope :instead of 

directly in line with it. The pilot baloon filled with 

a certain amount of helium will ascend at a known rate. 

Therefore it can be followed ,vith the theodolite and 
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the baloon's elevation and azimuth determined at certain 

time intervals in which the baloon should be at a known 

altitude. This makes it possible to calculate the wind 

direction and velocity at that altjtude. 

A transit could be used :for th3s ·.vorl'.: and sowetimes 

is. The only difficulty Involv2cl is that t!'1e trans.it is 

always pointing near the vert:ical and the observer soon 

tires at his job 1°.rhen he has to lo~dc ur for aff7 length 

of time. The theodolite w:ith a mirror arrangement allows 

the observer to look in a horizontal direction all of 

the t im1=. 

Nearly everyone knows of many uses of th':':' tn.pe, 

ruler, and meter stick. The ch:ief purpose of having a 

meter stick in a mathematics program is to introduce the 

metric system. Some examr:-les 1'\Tould b? for the b-:-,ys and 

girls to determine the length of their feet i~ centi-

meters. Many young people cto not actually understand 

the construction or use of t11e rvl~r. The Hrst step, 

then, in the effect3v~ tnach3ng 0f linear measurement 

is the stud~ of the rneasur~n3 instrument. The teacher 

should know that the pupils unclerstancl the construction 

and principles of the instrument before asking for 

specific exercises t~ be done by the pupils. 

'\n interesting demonstration ,,1ith a tape :;;s easily 

performed. A right angle can be J.aid out ~ith a one 

hundred foot tape as shown jn Figure 8 with the ends 

of the tape at A anct Band the rizht angle at B. 

24 
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CIL\I'TSR V 

nmv CAN ON1 i"t'\.KTI THBS 13 IESTRlWl-SPTS? 

Homemade instruoents will not usuallv give as 

precise rneasurem2nts as co111rn2rcial instruments, but for 

classroom use they are sufficiently accurate. Homemade 

instruments havP two advantages over thP commercially 

nroduced. F3rst, students taJ::e more Y"'r3cie in e(Juipment 

use the instruments. Second, the mathematical principles 

11 ,,.J 1 1, thn 11·1<·~- JI 1·· ·_,.•c, f· "'"'·1 - , P l;l·n] 7 upo __ ,,L Cll __ ,_ .c.~,::, trt.r.1en ~S a1.. .. ,;a._,1_,C are UOr~ -~ ,._,_ -) to 

be understood by the children if they make their own 

instruments. 

The angle 111jrror is easily constructed by us:tng a 

miter box to cut two grooves in a short ~iece of one by 

four lumber at forty-five degree angl 0 s. These grooves 

should overlar ont2 another nea,r the edge of the board 

and be just wide enough so that cheap mirrors will fit 

snuglv into the grooves meeting at the point of inter-

sect ~on of the grooves. 11Jhen the mirrors are inserted 

the instrument is completed. 

A Jacob's staff can be constructed from two yard 

sticks and a stove bolt with a wing-tip nut. Cut one 
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foot off one of the yard sticks, saving the two foot 

~iece for the instrument, then take ½oth sticks and 

remov2 a center rortion about one-fourth inch wide 

extend:ing to wit1iin one incb of the enc'.s of the st::cks. 

Then nlace the shorter stjck on the longer one in the 

form of a cross, 1nsert the bolt through both sticks, 

and tighten the nut. 
1 

Butler and \'Jren-1. ha.v"' given conmlete c2!rect3ons on 

Prorortional divid 0 rs can De nade by a nroce~ure 

much the same as in the makins of a Jacob's staff. The 

chief differences are that the st5cks should be of ecual 

length an<l shorter [the length used is entirely d~pend

ent upon the wishes of the craftsman] than ir the former 

procedure and both sticks should be po~nted on both ends; 

A good way to makrc> the roir;t :is to start 3.bout two :inches 

from an end of thP st1ck from the ~ns~de of the angle 

form.20. and cvt d-iag()nally tc, thr:' very tir, of the:> stick 

to th 0 outs.:idP of thP angle. 

A surveyor's cross Ciln be:> rm.de u', t;1.king twc) rulers 

toward each other. Pins cc1.n 1_y, :'. nsertec1 :into tlv-, ruJ r-,,rs 

equidistant from tLe 0clges to be usec: as s:ights. It is 

very imn_,ortant that the rulers cross P,a-.ch o·ther at r~ 0 ht - , - - C- -'-b-'· 

angles anc1 at po.:ints mich-12.y bet,veen H12ir ends. 

1 Butler and Wren, pp. 119-120. 
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A hypsometer 1s easily constructed by pasting a 

sheet of ordinary graph paper on a rectangular board 

and attaching a plumb bob and sights. Shellac will help 

to protect the paper. The plumb bob should be attached 

directly under the far sight and so that the plumb line 

will superimpose one of the dark divlsion lines of the 

graph paper when the hypsometer is sighted jn a horizon-

tal position. 

The plan.:imeter, theodol ::i te, and 111icromet,~r are much 

too difficult to construct to be attenpted by an amateur. 

It seems best to leave thejr construction to the pro

fessional instrument makers. 

The Eighteenth Yearuook2 of The National Council of 

Teachers of 1'-fathematics gives a complete description of 

. . . b ~ how to make a trans1 t ancl the::ir N:meteenth Yea,r ook..., 

shows hovv to make a level. 

A leveling rod may be made by taking a ten foot one 

by four board and marking it off in f~et and inches or 

tenths of feet. 

A compass .:is made by magnetizing a naedle by rubbing 

it on a magn"'t, i1-1sert.1ri.g the neecne thr'JU[:;11 a cor;: with 

2The National Councjl of Teachers of Mathematjcs, 
Mult-i-Sensory Aids to the Teaching of },'.athernat:1cs, 
Eighteenth Yearoook-,-(New York: Tea.chers College, 
Columbia University, 1945), pp. 189-191. 

3The National Council of Teachers of Mathematics, 
Nineteenth Yearbook, pp. 129-141. 
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each end sticking out an ecual distance, and floating 

this aoparatus in a container of water. 

Since a student sextant can be obtained at a 

nominal price it is not recommended that time be spent 

in trying to construct one. 

The pantograph could be constructed fairly easily, 

but t:i11:e sp2nt in crmstructing one covld be bf:'tter used, 

since the princjple of the pantograph can be dPmonstrated 

by even a toy pantograph which is available in local 

department stores at a lower price than Pnumerated in 

Chapter III. 

Construct a simple scale with all 
nrimarv units subdivided into ten enual 
~arts ~long one edge of a piece of card
board in the making of a v 0 rnier. On 
anoth<"r card1Joard clraJ,r a line equal in 
leneth to n~ne of these subdiv~s3ons an~ 
subdivide this again into ten enual narts. 
Bach division of-this scale is one-t~nth 
of a primary subdiv~sion shorter than a 
nrimary subdivision. Therefore, when the 
zero of the secondary scalg coincides with 
the zero on the main scale, the first 
division of the secondarv scale is one
one hundredth of the mai; unit sh8rter 
than the first prjm8ry subdivision of 
the main sc2J_e. This value is known as 
the least count of the vr>rnier G .. J 

In general the division of the vernier 
which coincides with a division mark on 
the main s~ale gi~es the reading of tke 
second dec1mal point on such a scale. 

A quadrant is constructed bv cutting out one-fourth 

of a circle from a piece of lumber on a jig-saw, marking 

Ll 
'The National Council of Teachers of .Mathematics, 

Nineteenth Yearbook, p. 342. 
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this arc off in degrees, and attaching a plumb bob and 

line at the point of tlv~ ninety degree angle i.vhich is 

a radius distance from the arc. 

A plumb bob and line is made by taking a small 

weight such as a fisherman's weight and attaching it to 

a piece of string. 

An easy way to jmprovise an odometer is to take 

the front whe0l and fork from a bicycle ancl paint a 

stripe across the t .ire. Th~; s ":'nables th"" oppr a tor to 

count the numb2r of turns the ,,,,heel makes whPn pushed 

over the line to be measured. 

A typist's eras~r in th 0 form of a sruall whe(>l should 

be marked so that the number of turns can be counted 

when it is rolled over a line to be measured and one 

will have a perfectly good chartometer. 

Rulers, tapes, and meter sticks can be made by care

fully copying fr~m a commercially manufactured specimen. 

Horn pan balances need not be purchased if they 

are not available. Simplv attach small Easter egg baskets 

or something similar to a meter stick or yard stick that 

has been balanced on a knife edge. Care should be taken 

that the balance ls not disturbed ,,rh"'n the "pans" are 

attached. 

SincP carp~nter's squares are so readily available, 

time should not be spent in trying to construct one. 

A nephoscope is not of much value unless the height 

of the object observed is known. Therefore, unless a 
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nephoscope ~s readily available, a class in mathematics 

shonld not be concerned too much in the actual use of 

this instrument, but the study of the math?matical 

principle involved and the showing of a picture of a 

nephosc 
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CF-L'\.I'T"GR VI 

WHERE CAN nrrn BORROW TFBJ1i? 

It is possible to borrow the following ~nstruments 

from the county engineer, so;l conservat3on district, 

or county agricultural stabiljzation committee. Some 

of them are somet:irnes borro1.,,ecl from tbe narent~, of boys 

and girls in the class where they will be used: angle 

mirror, plane table, alidacte, proportional divid 0 rs, 

clinometer, plan~~eter, surveyor's leveJ, transit and 

rod, odometer, chartometer, and pantograph. 

A school nearly alvrays mn1.s a carp0nt"'r's sc0 uare, 

horn pan balances, rulers, tapc>s, ;:md meter :c:-.t3ccks. 

There are not many of the following instruments 

availab1 .. e in many comnunities so it v;ou1cl bC:' very d:iff :i

cult to borrow them: nephoscape, theodolite, quadrant, 

sextant, hypsometer, surveyor's cross, an~ Jacob 1 s staff. 

Hmvever, most of these are easily constructed so 

they are readily avajlable to any teacher who wants to 

go to a little trouble to have them made. 

UsualJy some student in the class will have a 

com~ass, and is glact to it available. 
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I . ·- Verniers are usually ;:ittached to! some of the 

instruments mentioned above. 

The micrometer can :x~ :)orro1,.,ecl from mach:ine shops 

3n the community. 

A WORD OF C/-\UTIOJ-J 

Some of these ::'instruments ar::> }te expensive as 

has been shown and s:--)me are also ve:ry c1<?13cate. Th 0 re-

fore, jf an 1nstrument is borrowed, the teacher should 

assume full resronsibility in seeing that the instrument 

is returned as sonn as possi~le anrt in as good con(ition 

as 3t was 1cvhen rrowed. It ~s better to make or buy 

an instrument 3f poss"ble b 0 cause of the fact that ill-

fe0ling is sometimes created from ' . oorro,v1ng. 

It has hr.:> 0 n sc1..:id tJ-:a t the pure 
ma themat 3 c ian :is never as hap:::y as 1,vhen 
he does not know what he is talking 
about - W. F. G. Swann. 

'J'Jhen you c:::tn rn2asur2 what you are 
speaking about and exnress it in numbers 
you J.;:nn1v something about ~t; but wl,c-:n 
you cannot rr.ea~itre i.t, \.vhen you cannot 
ex~r 0 ss ~t ~n numbers, y0ur knowledge 
: S Q r ;:) , p ;:J C~ • p Cl ·1 • C- '1 ./- .; C r -:, J_ lr ; 1 
_!, .. C c.. m.,<.,:c_,I ... ccllC•. l,,nvc·,.~_ ..:,, <cC Lory ,c, .. •nc. 
Lord Kelvin 
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