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An examinati on of the work given in electricity in connection 

with the Physics Laboratories i n a number of the High Schools of the 

country and a study of the work planned by a number of the best Laboratory 

ianuals , shows such a wide di fference that it has suggested a plan for a 

Laboratory course which shoul d be a combination between theory and actual 

practice. 

In collecting material for this thesis I first sent out letters 

to the nearest large city High Schools and to a number of county High 

Schools asking for the list of their experiments in Physics Laboratory to 

cover the work given in electricity. Of the seventeen letters sent out 

fourteen answers were received only ten of which contained the required 

lists, the others stating that they gave no work in electricity. 

In tabulating these lists we find the widest divergence in the 

nature of the work done, from mere child•s play to an imitation of the 

college Laboratory Course. The courses varied widely, probably as much 

with the competency of the instructors as with the available materials and 

the time offered for the course. The courses offered from the city high 

schools were in almost every case larger and more practical than those 

offered by the county high schools. This fact might be due to the 

lack of materials but is more likely due to the inefficiency of the 

teachers since _in the small ·schools a specialist in one branch is forced 

to teach several . The work given by the city high schools wqs mostly on 

· t f tn' e smaller county binh schools on static current electricity, tha o 6 

electricity. · 1 r~or t.'he one course could be but little The mater1a s 
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above the other in pr1ce while the former gives to the student some idea of 

electricity, its uses and possibilities, the other nothing thetis of any 

practical value tbe.work being qualitative rather than quantitative. 

·rbe nature of the work given in the smaller schools suggested the iciea that 

the apparatus was probabby handl ed by the instructors, the pupils merely 

taking down the data. This helps the student little more than text-book 

work ana is very un:sati sf actory. 

Two of the lists which were·received stated the nuobers of tne 

~~periments ~hicb were used in two of the manuals r.bicb I nave revieT.eo 

so tney will not be taken into .cnnsideration. Fror the lis~s received 

I too~ "tnoss experin:ents which .we:re given !nost generally and seer:ed the 

best ana found out ~bat percent of tte lists gave those experirre~ts, as is 

s~c~~ 1n the following data. 

through t3e lists of Laboratory manuals given bel~" to see how tie act3al 

practice cJmpared with what authors bavs given alo1g that lins. 

The data is as follows. 
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Froc t he above data is easily se~n ~ne rri1e Oif:erence between 

t he laboratory manuals and t he 3ign Scnool work . 

the Wheatstone Bridge and the Snecific Resista~~e r. e~e t ne only t~o 

given by all of the manuals and of ~ne tnicteea ~roolems ~ne To?e~a 

Manual Traini ng gave the highest number- nine. Tois sugges~si tnat a 

combination mi6bt be made and the iiea which I tri€d ~o car~y OQt i~ ~2e 
"' 

following exgeriments was to give a course Trhico coul~ be carried on 

with as little outlay as 9ossible for apgarat1s anQ s~ill give ~o ~he 

stu den~ a thorough understandin~ of electri cal c1rreat s a~d ~hei~ us~s. 



~--~------------~------~----------~~------~---C\10 

.. 

~ ,. 

Some allowance must be made for the time in the course in which this i s to 

be given. The one planned would probably not be simple enough for any-

thing less than t~ird or fourth year High School pupils. 

No day current of electricity is required for these experiments 

as the current from dry or storage cells is sufficient for all. THis 

takes away the danger from allowing students to handle a high current, 

Also of their running delicate .instruments. The first half of the 

experiments are mostly on the theoretical part of the work, the last half 

o~ practical experiments bas3d upon principles of which every boy and t 

girl should have a knowledge, sucn as toe wiring of a door- bell, the use 

of electric lights and the cost of such, ·and the study of the parts of a 

small motor and dynamo. Any work with a tan~ent ~alvanometer was not 

introduced on account of the Trigonometry involved in its solution. · 

Since one instructor. could scarcely oversee the work of more 

than twenty four pupils at a time, the apparatus planned i s for that 
~-; 

1"' number. · The exoeriments could not of course be given to all twenty . . 
four pupils in the order as arranged but it would be best to gi ve the first 

half to all before beginning on the last prob~ems. 

The methods given for the work on the various experiments were 

those which seemed .the most practical and give the best results in the 

The aooaratus for the experiments should all be grouped . ' quickest time. ~ 

1n the Laboratory but arranged and data taken by the pupil , being worked 

.out w1th the m0thods 2iven in the.instruction sheets, so that the 
9 hee-\s . 

student, not the instructor, does the work. The . instructio~sbould 



either be furnished by the school on each Laboratory day i n a type­

wri tten for m or should be printed so t hat the students could purchase at a 

low price. · They should be On paper the same size as used i n the number 

six loose fly note books. The instruction sheets as given could be so us~: 

The following list of ap9aratus is <tne which includes all things 

required for the course excluding t hat ~pparatus which would be found 

in any experimental laboratory. The prisee were taken from the catalogues 

of two Chicago Supply houses and could probably be duigl icated by any good 

company. · 

Ap9aratus . 

2 Dynamos ----------------------------------------------------- $ 8.76 

a Motors -------------- --------------------------------------- 8. 75 

2 Detecting Galvanometers 

1 Dt Arsonval Galvanometer 

-------------------------------------
---------------------------.---------

a Resistance Boxes -------------------------------------------

2 f!heatstone Bri dge ----------------- -------------------------

30.00 

25 .00 

16.00 

12.00 

2 Voltmeters ------------------------------------------------- 62. 00 

2 Ammeters ------------------------------------------------- 42. 00 

4 Stor age Cells -----------------------------------------------

12 Gravity Cells --------------------- --------------------------

8 Dry Cells -----------------------------------------------

2 Horseshoe Magnets -------------~-----------------------------

2 Electric Bel l s ------------------~------------------------

20.00 

10,80 

.go 

4. 00 

4.00 

t-l\ 
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2 Keys ----- ---~---------------------------------------------~- $ 3. 00 

6 4 c. p • . Lamps ------------------------------------------------ .ao 

2 Pus tl Buttons ------------------------------------------------ · 24 

1 Bar liagnet 

2 Small Jars ------------------------------------------------ . !)Q 

1 Oil Bath ------------------------------------------------ · '50 

1 do z. · Gl ass Sheets ------------------------------------------- · 15 

Bl ue pr i nt paper ------------------------------------------~ --50 

Iron Filings --------------------------------------------- . QiS 

Connectors and Binding Posts ---------------------------------- 2. 40 

t i t l b. No . 30- Copper Cotton wound ---- - - -------------- - - -----

2 lbs. No . 24- II II II --------------------------- 2.60 

2 l bs. No . · 16-:-· " II II --------------------------- 1. 30 

1 l b. No. · 8- Unwound ------------------------------------ . 37 
-----------

$ 257. 46 

Di scount 1i4 off makes the cost of apparatus $192. •10· · If the 

funds were l ow a combination voltmeter and ammeter might be used bri n~ing 

the cost down to about $175. 00 

The outl ine of experiments which fo l lows was written after 

having coll ected the apparatus, set up t he experiment by the method given 

and taken the data so that the experiments are al l practical and can 

easily be performed by the average high school student. · The experiments 

would reouire an avera6e of two hours for th eir solution as is generally 
- 0 

allo~ed for all Laboratory oeriods. 
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Ex9eri ment I. : 

OBJECT.· 
To map the magnetic lines of force about a horse-shoe ~agnet. 

!HTF;Rl~LS . 
Two sheets of blue - print ~aper the size of the note b{)o~s. A 

bottle containing iron-filings~which is covered with cheese cloth. Two 

sheets bf glass the size of the pa~er, two ilorse-shoe magnets. · 

INSTRUC•riONS. 
Arrange the magnets, ~ole to ~ole, and then co~er T~itb the 

glass ana tap unti l they arrange themselves accor5ing to the lines of 

force. Reverse one magnet and ~epect. Darken ube roo~ before exposi3g 

the blue orinv oaoer, sorinkle on filin~s, tao and cover with the other 

~lass .. gxoose 3 to 7 minutes to the sunlight, then sha~e off uhe 

filings and let lay in running.water for 30 minutes.. Beoeat reve~sin~ 

one magnet. When dry the prints should be put in file with the notes in 

which general facts and deduction should be stated. 







Experiment II.· 

OBJEC'r. 

To study one method of current producti on. To construct a cell 

which hegins action auickly and gi ves practically a steady current. 

MATERIALS.· 

One gl ass .i ar, a copper , and a zinc of the crow-foot type. · 

A quantity of copper- sul phate and some zinc sulphate solution. · A Voltmete 

an;d an ammeter. 

I~STRUC·ri·JNSl 

Unless new the .i ar and metals should be cleaned. 

coooer into the botto m of the jar and pack with copper- sulphate. 

Put the 

Fill the 

jar two- thirds full of distilled water. Put 1n the zinc and carefully 

cover w:i.th thP. ZnSO~ sol ution, · belng sure not to mi x the li quids. · Take 

the .current and the vol tage .wi th the ammeter and voltmeter . · Short circuit 

and let set over night , then take the drop and .current. · .eov:er ·the liquid 

with a sl ight film of oi l. 

and of the short circuit. 

Explain the use of t he oil , the two liquids, 
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Experiment III. 

OBJEC·r. · 

To measure, by means of substituti on, the .resistance of seyeral 

wires, .Also t(j) find the .comparative resistance of .wires connected .in 

series and parall el. : 

APP ARP.TUS. : 

A mil- ammeter , or a galvanometer, a resistance box, a gravity 

cell, several lengths of wire and double conmecror~ 

DI REC'fiON S. 

Connect in series the cell, ammet er, resistance box, and un-

known R. of vn re. Take current. · Make connections with doubl e coume-

ct ot s wi thout the unknown and remove until the current reads the same. 

Repeat. Try the same with a german silver wi re. Which has the largest 

.resistance ~er em~? By removing plugs from the R. Box find the change in 

the current for each tenth of an obm change i n resistance. Connect the 

co9per and german silv.er .wiras i n series, take current and find R. by the 

Resistance Box. How mi 6ht this be found from former data? Connect t oe 
:> 

two . v:ires in parallel, take the dr9p across and the current. · Sol v.e 

for the R. : of the two. 

\\5 



Experiment IV. 

OBJECT. 

To measure, by means of a Wheatstone Bridge, the resistance of 

two .cails of .wire and to find the specific resistance of equal lengths of 

coQper and german silver wire. · 

M ~Ti£RI AiJ S. 

' 

A slide-wire meter bridge, a gravity cell, a -resistance box, 

two coils of wire, eoual lengths of • \ v<. <- . 
g.s~ and Cu. w1res and a sensitive 

~alvanometer. 

DISCUSSIO N. 

The Wheatstone Bridge is an instrument for measuring unknown 

resistance by comparing .it with a known. · It is based on the fact that 

.when the terminalsof a galvanometer are connected over points of equal 

Potential there will be no deflection. 
c 

A. 

If the given circuit be divided at ~-

either branch equals the resistance x 

B. 

to B the potential o~ any point 

the current. If the potential 

higber branch than the other there will be a deflection of the 
an one 

on e 

is 
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needle. Then we have the ratio of t he arms, a x d ' = C X C'. Since the 

resistance of a wire i s directly proportional to the length a wi re fastened 

over meter stick is used as two arms, a known R. and an unknown as the other 

two. · 

INSTRUCTIONS. · 

Work out the connections for the bridge. Introduce as one 

.Resistance, a coil of fine copper wi re. Take several plugs out in the 

known resi stance to establish a ratio between the arms. 

ance of the coil . Exchange p~sitian of box and coil and repeat. Take 

an avera~e. Repeat with equal l engths of german sil ~er and cop9er wires. 
1 

By means of the formulae r= R - find the specific resistance, determining 
a 

a from a table by measuring the diameter with the micrometer calioer. 



Experi ment V. 

OBJifCf. 

To find the tem9erature coefficient of Besistance for cooper 

eire. -

A?~ At~ATGS . · ~hea~s~one Bridge, gravity cell, galvanometer, resistance 

box,v.essel of oil , gas burner, thermometer , and a coil of cop9er wire. 

DI SCUSSIOcl. 'l:he ·rem?eratm:e coefficient qf fiesistance is the in.ccease in 

tte rssista~cs per OJ~. aer de~ree change i~ te~9~rature. Then we would 

I = r - ... 2 ~1 the nav.e ------------ CD where r 1 c-na c? corres9ond -vo t:t_ and t 2 , 
r't{li,., - -., .. ) formulae-uhea be~~g line totel change in resistance divided by tne total 

caange in te~9erature ti~es the initial resistance. 

I~TS·r 8:0 C'.II8 N S. 

Connect the cell,galvanometer and bridge using the coil 

immersed in ail, as one resistance and a Resistance Box as the other. 

~ut the the~mo~eter into oil bath, always stirring well before taki~g e 

J:eadin.g • Take reading at roo ffi tewoe~ature. Start the burner and rai3~ 

the T. by ste9s of about five degrees until it reaches t)0
6

, taking t.ce 

bridge readings eacn time. Solv~ the brid~e readin~s for the total 

chang<? in ·r. Then: by means of G) solve for K. Do the same with inter-

mediate 9airs of temperature and the C·~rresoondi:H_l 9BH' S of resistance3. 

Plot a 

U8 



~---r--------=--=-------------====1 I \'1 

Experi ment VI. -

OBJECT. · 
To find what arrangement of cells wi l l give the strondest , 

current for a given external resistance. · 

P.P!? ARP.TU S. 

Four gravi~y cells, ammeter, voltmeter, wires and doubl e 

connectors.~· 

DIRECTION'S. 

Take the drop across each of the four cells, also find what 

current each gives. Then join the cells in ~arallal. · Take the entire 

dro9 and the current. Join the four cells in 9arallel . Ta~e the drop 

and current. What 9roportion of the sum of the E. M.Fts is the one just 

found? HoYI does the current compare with the former one.: · Jo:in· two 

sets of cells in parallel and then connect these in series. · This is 

called banking. Take the drop and current. · Which of the three methods 

gives the largest current? How does the E.~~. F. · vary in parallel and 

seri~s arrangements? 



E:xperi:nent VII. 

OBJECT. · 

To test the accuracy of an ammeter by means of the amount of 

copper deposited by its recorded current in fifteen minutes on two copper 

coils immersed i n CuSo 4 ·soluti on. -

A~? ARATUS. -

Si s gravi·ty cells which are connected in Are. - An ammeter , a 

stop watch , two copper coils , two small jars containing Cuso4 solution. ­

Two rough coils of wire. 

DI RffiCTIJNS. 

filtered. 

If ~he OuS04 solutiJns have not ~een used before they must be 

Cleanse the two unwound copper coils by dipping 1n l ye water, 

acid, then distilled water. - Dry very carefully and weigh on Analytic 

Balances. Place one in each glass jar, inside a larger coil .of rough wi~e, 

being careful that they do not touch. Connect the ter~i nals of the battery, 

ammeter, and the tVIO sets of coils all in series ana ES the ·last connection 

is made, turn on the stop ~atch . · Get run fifteen minutes .and then break 

the connections. .Dry carefully .and ·weigh. fte know that copper deposits 

at the rate of . Q00329 gms. · per sec. · pr. amp . 

Solve for the cur rent .and fiad hor. near it corr-esponas to the 

ammeter readi ng. 



Experiment VIIL . . 

OBJIWT. 
To investigate a new method of producing electric currents, 

namel y induction which illustrates the princi~les upon which the dynamo 

and telep hone operate. 

~PARATUS. 

D• Arsonval Galvanometer , a bar magnet, a coil of wire on a 

hollow core, two dry or four gravity cells, large and small copper wires. · 

DIRECTIONS. 

Connect the coil several feet from the galvanometer. · Thrust 

1n the N. pole of the bar magnet . Is there a deflec Gion? Wi tbdraw. 

In what direction is the deflection . · Repeat more quickly. · Re'lerse ends 

and repeat. · What do you learn from the ·rate of cnange and direction of 

the lines ~f ~orce? 

Around a bar already wound wi·Gb heavy wire, wrap evenl v, forty 

turns of fin e copper wire. · .!ttacb ·the galvanometer to the fine wire and 

the four cells to the coarse. · What is t he deflection of the needle ob 

the n make n of the circuit?· Wind on forty more turns and read the 

deflection . · How would you say tbe number of ·turns of wire influenced 

the amount of i nduced current? 



Exp:eriment ·IX. · 

OBJECT. · 

To study the windings and operation of an electric bell. 

APPARATUS. 

P.n electric bel l, two push buttons, three Leclanebe or two 

dry cells. · 

DIRECTIONS. 

Study the windings of the bell and make a diagram explaining 

the operation of the clapper , and showing the essential parts. · 

Set up the bell on a board. Connect in series with the two dry 

cells, putting in the push button so that pressure on it will ring the 

bell. Why is this fixed to break · the connections? ·Next put in the 

second ·button so that the bell wil l ring from either. 



E}tp eri men t, X. 

OBJ.EC·r. -

To study the winding and operation of a small motor with the 

relative value of shunt, · series, and compound windings. 

MtTERI ALS. 

P small motor, t hree storage cells, an ammeter and a voltmeter. · 

DIRECTIOc;TS. 

From the binding posts trace out the windings of -the field 

and armature. Is it arranged for direct or alternating current? What 

is the gresent winding? Screw on · to a long board. Connect · to the 

storage cells and notice· the direction of" the motion. -Does · reversing the 

cell t erminalSreverse the motion? Why? Undo one of the ·terminals of the 

fiel d wi res, and attach · the ·cells to one field and one ·armatlre terminal . · 

Trace current. · Put · the ammeter · in series wi t!l the motor and the val tmeter 

over tie ·terminals of the motor.· Bow does the amount of ·energy consumed 

comp are with the other winding? By the use of binding posts ·introduce 

into tbe Fiel d in series with the armature a ·short length of german silver 

wire. · Thus varying · the Field resistance. How does this ·effect the 

· speed? Take · the drop and amperes.· 



Experiment · XI . · 

OBJECT. · 

To determine the · efficiency of a system composed of a small 

motor and dynamo and td determine the cost of electric l i ghting. · 

.AP!? ARATUS. · 

A small motor and dynamo set up on a board, a key, three 4 

candle power lamps, three storage cells, a pulley, voltmeter and a~meter.· 

DI REC'l'IONS. · 

See that th e pulley wheels on dynamo and motor are 10 line 

t~en scr ew onto the board. Adjust the pulley. Put the voltmeter over 

the terminal of the dvnamo . ftttach the three stora~e cells to the motor 

by means of tne key. · Start the curr ent by holding down key and take the 

voltage from the dynamo. · Connect in series the ammeter and electric 

lights and attach to the dynamo terminals. · Take the volts and amperes 

after it has run for a minute. Put the ammeter and voltmeter in so that 

they read the current and the voltage of the motor. Find the watts of 

energy put into t he moto r and out of the dynamo.· Then the efficiency = 

what per cent the out-~;>ut is of the in-put. · 

If amperes x volts x seconds f -~---------- -------------- =Kilo-watt.· brs.· find .the cost o 
~ooo. · 

running·the three 4 c.p.· l amps for 24 hrs. · at 15~ per kilo-watt bour 



The folloVIing .l ist of laboratory rules would, if adopted, save 

both the instructor and student time and unneccessary work . · It wi ll 

force the · student to be careful wi th the apparatus, and to be orderly. 

It also gives him an outline of the way in which the experiments should be 

written up. : 

Laboratory Rules. · 

.I . A?Daratus must be left in the same condition as found. · 

II . · Experiments must be written up and handed in for correction at the 

next Laboratory period. 

III.Order in Note Books. 

1· Instruction sheet. · 

2. · Name and number of· experiment . · Names of · experimenters - Form of 

aooaratus used- Sketch of the apparatus as adjusted- Theory on .. 
which experiment rests- Data and experimental results. · 

IV. · If not accepted the experiment must be rewritten or if · incorrec~ · the 

data must be taken again. 

\~S 


