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FIRS! YEAR EXPERIMENTAL PHYSICS

INTRODUCTION

The purposes of a course in experimental physics are in Reneral to famiharize students
with the construction and operation of physical instruments and apparatus, to teach them the
methods of determining physical constants, to train them to make accurate observations and
to record the latter in a satisfactory manner.

Work in the Laboratory: The entire experiment which has previously been assigned should
be read over carefully by the student before coming into the lahomtory. When an experiment
has been completed to the satisfaction of th(; demonstrator, another one should l>e assigned
before leaving the laboratory.

All original observations should be recorded in the laboratory note-book only and preferably
on the right-hand ruled pages, the left-hand pages lieing reserved for rough notes and cal-
culations.

Original observations should never be erased. An erroneous entry should Iw neatly crossed
oui. The neatness with which the oritjinal ob.servations are recorded, even if crossed out,
forms an important factor in determining the students rank.

The metric sy.stem is employed, and, unless otherwise directed, lengths shf)uld lx> measured
in centimeters, masses in grams, intervals of time in seconds, and temperatures in degrees Centi-
grade. Estimate tenths of the smallest divisions on all graduated scales whenever the accuracy
of the result will thereby U; increased, using decimals and not fractions.

Record any n'imbers or distinguishing marks on the apparatus used.
When an experiment is completed, the apparatus should always l)e left in a neat, orderly

condition, and any apparatus supplied by a demonstrator or assistant should be returned.

Reports: A report on each experiment is to be prepared from the original observations.
The completed report should usually comprise the following:

Name of Experiment Date
Apparatus: Include all numlxrs or distinguishing marks.

Observations: The original record of these should be in the book.

Results: Include formula; with the values of various quantities substituted.

I r J^j ''^P*"'*^ '"^ **^ ^' written on the right-hand ruled pages, and all computations on the
left-hand pages. Use logarithms when possible. Use of the proper numlx-r of significant
hgures is important. In all computations, the first non-significant figure should be retained
and then dropped in the final result.

Curve Plotting: The relation between two variable quantities may be clearly shown by
plotting them on cross-section pajXT. The values of one quantity, usually the independent
variable, are represented by Abscissm or distances parallel to the Y or vertical axis and of
the other, the dependent variable, by (hdinatcs or distances parallel to the A" or horizontal
axis. The scales of abscis.sa; and ordinates, which need not l)e the same, should lie chosen
so that the range of values ii. each case extends at least more than half-way across the paper
The scales should be such that each large division on the paper wiU represent some factor or
multiple of 10. - -

Each heavy line on the paper is then assigned a number, which should l)e a multiple of
he scale adopted. The points may then lx> plotted, and a smaU circle drawn around each
to indicate its position clearly. If two curves are plotted in the same space, the second set
of points should be distingui.^hed by crasses or squares instead of circles. The best-fitting
curve should then be drawn through the average position of the points. If it appears that the
function IS linear, a straight line should hv ruled in. All curves should first be plotted lightly
in pencil, and then, if satisfactory, they should be inked in.

f e. j
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No. Name op Experimext
1. The Balance
2. The Micrometer Caliper
3. The \'ernier Caliper
4. The Spherometer
5. Composition of Forces
6. The Simple Penuulum
7. Law of Moments.
8. Pulleys
9. Archimedes' Pki\( iple .

10. The Jolly Sprixcj Balance
11. Mohr's Balance
12. The Specific Ciravity Bottle
13. The Const.ant-VVEKaiT Hydhometeu .

.

14. Boyle's Law
15. The Fixed Points of a Thermometer.
16. The Air THER.Mf)METER
17. Coefficient of Expansion
18. Specific Heat
19 Latent Heat of Fusion
20. Vapor Pressure
21. La';ent Heat of Vaporization
22. Hycjrometry
23. Mechanical EguivAi.ENT of Heat.
24. Magnetic Fields of Permanent Magnets.^
25. The Deflection ALa(;netometer
26. The Electroscope
27. Magnetic Fields of Cirrents
28. Measurement of Current
29. Ohm's Law '.'.'.'.'.'.'.'.".

M). The Potentiometer
31. The W'heatstone Bridge
32. Electrical EyuivAi.EXT of Heat. .......

.

33. Ele(tro-Chemical Equivalents
34. Electric ( "ells.

35. Induced Cirrents
36. The Sonometer
37. The Reson.\nce Tire
38. I'hotometry
39. Heflkition and Hefra( tion of Light
40. The Prism
41. The Vnsc.wy. Mirror
42. The Convex Mihuou
43. The Convex Lens
44. The Concave Lens
45. The Micromopk and the Tele.scope
46. The Spectroscope
47. The Polariscope

Date

Name of Owner. .

Na.me of Partner.
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FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

THE BALANCE

N.B.-Read carefully the entire experiment before attempting to use the balance,

findings slHwTn'^^of'thJhf"''^ "T/^" u'"
'^' "^ "^ '^' ^"^^^'-1 balanc. (O W

App^tus: A sensitive balance; a set of gram weights; a grain weight; a piece of brass

£

Fia. 1

a nla?e' ^Tfhl on ,'"T»k'^vJ'*
''" '"'^'^''' f^''"* ^^^ '"^*"'' «f th« knife^ge C resting upon

neat equa wo ght 11ut„^7 ZJ'v hI'"
'"'^•^"^^''^

^ ^"^ ^' ^^"" -'-h'"pirof
counterblncrd by movinr^Se nut N^^ ' * '""'"^^'^ '° '^' ^^'«*^^ ''^ **^^ P'*'^'^ '"*" be

A balance is said to have great sensitiveness when a large deflection is caused by a very

d ft

II

fc.BtlSlswiJ' a*
.«vv,.,



C is usually adjusted to Ue on the line AB inder one-half the maximum load for which the
balance is designed.

By the position of rest is meant the point on the scale -S over which the pointer wouldcome to rest if given sufficient time. As this would take too long, the Method of Oscillationsw employed Suppose as the beam oscillates freely the pointer swings fron- to b and back

fLn Ihl^'
^^- .^'""S to frictional resistance, each successive swing will bi a little shorterhan the preceding one. Therefore o,, the middle point of ab, will lie nearer a than will thetrue position of rest mn. Smularly o,, the middle point of be, will lie on the opposite side of

mn. However, the point midway between ^-' and b will lie practically on mn. Tims the

effect of damping is to render it necessary to take into account an even number of swings
across the scale, and tl...ref„re an mfd nu.nter of successive readings. Hence it f^'iows that
the point midway between

(i+c+e

3
and

b+d
i. e., the point given by

2\ 3'"+:y7
may be taken as the true position of rest.

The sermtivenexs of a balance is the change in the position of rest due to one milligram
in either pan. It depends somewhat u|)on the loa.l in the pans. If after the true positi<.n

wiirHiff f r ;
""^ n'illiKram i. J, ed on one of the pans, the new position of rest

will differ from the former by a d.v • Then the sensitiveness is a, and l/c is the
fraction of a milligram which will change the jxKsition of rest by one division

In weighing an object by th,> Meth.^l of Oscillations, sup,K«s,> that sufficient weights have

^oJt: 1^ '
'''" !" '^"'f""' 'I"

"'•J'^^* '" *'"' "^'^"^ P-' - *hat the position ofZ
o rh.™ ' r

"': P"^'*l"" "f. '''^' '» -5 '''Visions, ,hen i-l,. milligrams must U^ added toor subtracted from the weights ,n the pan to give the true weight of the given object,
rrecautions to be ol).serv<(l:

(1) Handle the weiijhts with the forceps, and when removing them from the balancealways return them to their proper places in the box
"amnce,

(2) See that the beam is support..!, off the knife-edges, whenever any weights are addedto or removed from the pans or whenever the t«.si,ion of the rider is changed The rider isthe Ix^nt piece of wire which should l>e found on its support above the beam. The knif^dges

^ I r *^ ''^"'^r
"'""' ^^'^"'"'^ '^"y ''-''' ^'^ constructed of agate, a material which isTrS'though hard and otherwise desirable.

oriiue,

whoi^fl"''"'^**'''
''""" '-''""'^ ''''''''y' ''*• '^''^'^ *""* •°^'«^"^<1 carefully, making the final turnwhen the pointer is opposite the middle of the scale

it UDon ^^L!ltlV''T^ "i*"
*'" ^"''';P'' "•" ""^ *^" ^^ «^'"«'"K ^y ^"ddenly lowering

it upon t' ' kn fe-(dg.8. The lK>ani may Ix- set swinging by fanning one pan gently.
(•>) All final adjustments of the rider, and all obst>rvations. should be made with the case closed.

Procedure: (1) To Fi„d the Position of Rest. Ilelea.se the l)eam and set it swinging Thepomt..r shou,
, mov.- over at L-ast 10 divi..^ ;,t not off the scale.

««'"«'"«• H^e

Sitting dinn-tiy in front ..f the baiai. cermine the positi.m of rest bv reading "leext erne ,K.situ>n of the swings. Five ..onsecutive readings should be taken, thn-e oifonc siuand two on the other. P...a,l the s.-ale from left to right, .) .t the left, 10 in the r^iddle Zd20 at the right. Lstmiate tenths of divisions, and record your obs^Tva ions as follows

15.75

my^Mi

.
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Position of rest with pans empty, 9 49

.he
*^:°t^ ISX*^"'. "' '"'"» " "^ •"" - " ^«^ «-"»'. "" f-e

weiih. of 1 miMigTM, in the1^" "'""^ "'"'° "^'^ " <''™'"" ' " » «q"i-.leDt to .

the iStt:Lt.r£'tu:d' "^ - "•"" ^™° "» "»" *• p-™' *,«,„,„.«„„

r.hn;:^.r^pVFS^^^^

8mm> to be added to » .„™,^,SC he ^riX " ^''"'- '."'' ""'' ?« """''*' "' """li-

Sr roT^rr ?'™£* -'^-'is "n'tv^::; '° "^ '^' ^^ "-»'

C:>:.j^-"'
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FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

THE MICROMETER CALIPER

the nlZV^Z:^ J"a^S
'''''' '" ''' "" "^ ''^ ^^"-^^ ^^^^^' -<^ ^ 6"^

ront.u'';HkS'piacfT; /iTth"' T"; '?"'' "'
'I

*" '^"°'^* ^^^'"'""« ^'^^ instrument when

rovo u ic A advi; ho 7Z ^''f'.•'"••'••tP'""!'"'^'
^o the pit,-h of the screw .so that one

dIvS on V fW ^ ^^7 ^ ^^""""^^ J"'^^ """ •"• *" ^'^'^ instrumentH one-half of a

»- aua numocr that t.io reading can Ih; convemently recorded aa a decimal.^

Fio. 1.

(OVIB)

' > < '. .... A -

.
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After familkrizing yourself ./ith the method of reading the caUpen, measure the diameterof the cyhnder and of the sphere provided, being careful to measure th^^ Imeter o^Sboth m inches and m centimeters.
uiouiewr ui eacn

Rich student is expected to take the entire set of readings. This can be done withoutloss o^ time as one can use the inch caliper while the other is u«ng the^ntLter caCTake at e.ast five readmgs of each diameter and two " zero correction " i^S both

mete"
"

afcS.
""'*"' " """"^- ''""° '"^'^ '^°»' ^^ '^ num^TTce^lf.

Record your readings and results on the blank paper as foUows:

First zero correction readings
Headings of diameter of sphere
Mean reading for diameter of sphere .........'.
Second zero correction readings
Mean of first and second zero correction readings
Corrected diameter of sphere
Readings of diameter of cylinder
Mean diameter of cylinder
Third zero correction readings
Mean of second and third zero correction readings. ..
Corrected diameter of cylinder
Number of centimeters in a foot deduced from measure^
ments of sphere

Number of centimeters in one foot deduced from measure-
ments of cylinder

Mean value of one foot expressed in centimeters. .

.

Inches Centimeters

A'"*i

rjf*^;^?i-;
U\

m^-&i!^^Mmmmi^m^M!!^^m



FIRST YEAR EXPERIMENTAL PHYSICS

MBCHANICS

THE VERNIER CALIPER

App««tus: A vernier caliper; a magnifying glass; object to i^ measured

engineering and other scientific instrumenN^^rL '^'^'^""-^ ^^ » P^en Boale. Ita use in

tance of thoroughly maaterinritrprinS
^''^ ^'^•^''^'' ^"'^ ««"««. the impor-

The principle of the vernier is as fnlIniL«- «ai.i;„„ „i »u
«oale. the vernier, divided into i^l^ ^ of sucraTenit^hS'.r!?-

'^'^ '\^ '^'^y
are equal to n±l „f the smallesT divi^ns of Th, «^lo r .^ ^^ divisions- of the vernier
only the case where

oivisions of the scale. In this expenment we ah&ll consider

«v.d. = («-l)8.d.,

writing v.d.-for vernier divisions and ..d. for scale divisions.

Hence

and
lv.d. = ^-=i8.d.

n

1 v.d.<l8.d. byis.d.

Scale

with slo ^ale'ditS„;,'";;J niuoJuiM,.;;;'" of'' ule ;!';;;;' ff?" " ^^
V^-

^"••"i-r coincides
of the vernier is A s.,1, for

' '""'"^'^ ''''''^'""' *» '>« read at the z^o

I
6 v.d. arc loss than 6 s.d. by /j s.d.

I
Thus we see that this vernier reads to „',«.! tu . .l-

(OVXR)

«^^^^§i^^^^f^fei



and that each tenth is divided into four parts. Hence 1 diTiaion is equal to A or .025 inch,

and the difference between 1 v.d. and t 8.d. is

^X.025 =1.001 inch.

The reading of the position of the zero of the vernier in Fig. 1 (a) is 1.206 inches. It

should be noticed that the vernier reads f-actional parts of the smallest scale division only,

and that if the zero of the vernier is opposite the second, third, or fourth division of a given

tenth it is necessary to add .025, .050, or .075 inch as the case may be.

Procedure :7 In Fig. 1 (6) the scale and vernier of a centimeter caliper are shown as they

appear when magnified.

Find, aa above, the fraction of a centimeter to which one vernier division in the figure

corresponds, and write out in detail the way in which you arrive at this value.

Examine the verniers of the caliper provided, and find to what fraction of an inch or a

centimeter one vernier division corresponds. If the verniers are dupUcates of those of Fig. 1,

note that fact. If they differ, work them out in detail as for the vernier of Fig. 1 (6).

Having become familiar with the reading of the verniers, measure the diameter and the

length of the cylinder provided. Take three to five readings for each linear dimension and find

the means. Tabulate your results neatly in columns, leaving space to add the readings, and

find the average by dividing by the number of readings taken.

The veto reading, i.e., the reading on the scale when the jsws of the caliper are closed,

should be read and recorded. If this reading differs from zero, apply the proper correction

to the means of the readings for the twelve measurements.

From the formula rr'l where r is the radius and I the length, calculate the volume of the

cyUnder in cubic centimeters and in cubic inches. From these values obtain the number of

cubic cm. in one cubic inch.

S^bSS^P m



FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

THE SPHEROMBTER

Object^ Eiperiment: (1) To meaeure the tUckneas of a piece of glas, and (2) to measure
the radius of curvature of a spherical surface.

^^

surfa^r*"*^'
Spheromet«r; block of plate glass; piece of thin glass; centimeter scale; spherical

*K ^ri- Jf"
«I*^'"°™«t«'' w a form of the micrometer screw. It consists of four legs,

three of which form the vertices of an equilateral triangle while the fourth is at the center of
the triangle. Attached to the central leg is a divided head which travels along a vertical
scale. This vertical scale i.s divided into small divisions each of which equals .5 mm., which

!f r^u'' ^ u "^U
!'"^'^' ^ *^* ^^'^ «•=*'« ''"""Is th« turns of the divided head. The

divided head has 100 divmiong, and since a complete revolution raises the foot .5 mm., each
division corresponds to .0005 cm That is, when the divided head is turned through one smaU
division, the central foot is raised or lowered .0005 of a centimeter

The spherometer, as ite name indicates, may be used to measure the dimensions of a spheri-
cal surface, and hence to find thejad.us of curvature of a lens or a mirror. If the spherometer
IS placed on a spherical surface, the central foot must be raised or depressed by a smTu distance
in order that aU four feet may be m contact with the surface

Lety4Z)S= the section of the sphere ACBD included between the feet;
r = the radius of the circle of the feet;

R = the radiiLs of the sphere;
n = the elevation or depression of the central foot.

Suppose ABD to h(> small. Then DB approaches a straight line. Therefore DB^-
Triangle DEB is similar to triangle BDC.

a^+r'^.

Hence

Therefore

5 SO that

BD DE , „„„
DC^BD' ^^ BD^ =DCxDE=aX2R.

a2+r2 = 2aft,

R='-
2a

Procedure
: (1) To Find the Thickness of a Piece of Glass. The zero as marked on the dividedIhead IS probably mcorrect. Determine the true zero position by placing the spherometer on

(ovxb)

it..iJ-TSSiieiSti:^sa^^?^s^<s'.^Bri!BS»^iiss-iSisss.Ji:^



the plate glass and adjusting the position of the central foot until the point makes contact
with the plane glass surface. This may be done by the sense of touch as follows: With one
hand hold the spherometer finnly upon the plane surface, while with the other gently turn
the milled head until it ceases to move. It will be noticed that the screw turns very easily
just at the point of contact due to reduced friction. A little practice will determine this point
very readily. Adjust the instrument and read the divided head. Repeat this five times and
take the mean.

Now determine the thickness of the piece of glass. Place it directly under the central foot
and adjust as before, taking five separate readings. While turning count the number of com-
plete revolutions of the milled head and determine the fraction of a turn from the divided liead.
The difference between the last reading and that obtained on the plate glass gives the thickness.

(2) To Determine the Radius of Curvature of a Spherical Surface. The spherical surface pro-
vided is that of a lens. The radius of curvature of such a lens is the radius of the sphere of
which the surface is a part. Having determined the zero position place the instrument on the
curved surface. Adjust as before so that all four feet make contact. Make five separate
determinations of the distance a.

Remove the spherometer to a piece of paper and adjust it so that all four feet touch.
Press gently down so that an impression of the feet is left. Measure the distance from the
center point to each^f the other three points and take the mean. This equals the radius r
of the circle of the '^It

Calculate R.

'^*rJr :^^^-%i?
fttr:4*?.f

^-m Ar 'iV3^ K̂^ ^'^-•^k«^



FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

COMPOSITION OF FOl.CES

Object of Experiment: To verify Lami's TLcorpin and the Parallelogram Law.

Appantus: DrawiiiR board hinged ao that it can b*- placed verticaUy or horizontally large
sheet of paper; thuaih tacks; two spring balances; scale pan of known weight- braes weight-
centimeter stick; square protractor.

' '

Theory: Every force has magnitude and must act in a definite direction. Hence it can
be represented by a straight line, the lenyth of the line representing the magnitude of the force
and the direction m which it is drawn representing the direction of the force. Newton's Second
Law of Motion implies that when several forces act on a particle at the same time, each force
produces its own effect regardless of the action of the other forces. The single force which
acting alone, will produce the same effect as the combined action of these separate forces is
called their resultant. The separate forces arc called the components.

Suppose two concurrent forces P and Q act on a particle and that they are represented
in magnitude and direction by the straight lines AB and AC. Then expt>riment shows that
their resultant is represcmted both in magnitude and direction bv AD, the diagonal of the
parallelogram of which AB and AC form adjacent sides. ThLs is known as the Parallelogram

Analytically it can be shown that the magnitude of the resultant R is given by

ft^ = F^+g-'+2PQcasa,

where a is the angle between the lines of action of the two forces. If the forces act at rieht
angles, then a equals 90° and

A- = P-'+Q-.

-Mso if the forces are parallel, then a equals 0° or 180° and

R' -F'+Q-+2PQ,

R = P+Q.

Lines drawn to the right are by convention considered positive and to the left negative The
l.ist formula must then-fore be intcrpretefl thus: The resultant of two parallel forces ,s equalm magnitude to the algebraic sum of the components, and the direction of the resultant is
given by the sign of R.

, .

^^
'^^'if,

^°'"*^*^*^ ^' ^ '^''^ ^^ «'' «<> arranged that their resultant is zero, they are said to
be in equihbnum. It can be shown in this case that

P _ Q _ R_
sin p sin g sin r'

(over)



where p, q and r are the angles between the fore ',

of the angle between the other two is a const it.

That is, the ratio of any force to the sine

This is known as Lami'a Theorem.

Procedure: Pin the paper to the drawing board and raise it to the vertical position. Hang
the balances from the pegs and tie a thread to the two hooks so that, hanging freely, the
iKittom of the loop is about half-way down the paper. At any point of this loop tie a second

thread ao that it will not slip. From the free end suspend the scale pan. Place the weight

in tlic ytan.

Beneath each of the three threads make very carefully two small dots, one near the knot
and the other near the edge of the paper. Near the threads record the forces P and Q as

indipat<>d by the balances. Obviously the three forces are in equiUbrium and any one force is

in magnitude and direction the resultant of the other two.

Remove the weights and the balances and lower the board to the horizontal position.

Draw the lines representing the directions of the forces. Using any convenient unit, mark off

i>n the lines lengths to represent the two forces P and Q. Complet« the parallelogram. Then
verify the parallelogram law by measuring the diagonal of the parallelogram, and calculating

the force represented by it, using the same scale as before.

("oinpare this resultant force with the total weighs suspended by the third thread. If they

arc found to be equal, the law has been verified.

Find the sines by dropping perpendiculars and determining the ratios by measurenient,

and thus verify I^ami's Theorem.



FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

THB SIMPLE PENDULUM

Object of E^riment: (1) To find the effect of amplitufle of vibration, (2) to show thatthe tune of vibraUon is proportional to the square root of the length, and (3) to find the value

Apparatus: Simple pendulum; two meter sticks; watch.

nnnH?J!f^'^'" Ad^T'."'^"^-'"'" '""Pf""^^ ^'J' ^/^Rhtless thread forms what is called a simplependulum. AlthouRh it is imposmbl,. ngo-.ously to constnict a simple pendulum, we mav<losely approach the required conditions if we suspend a small metal sphere H a long andv.ry th.n hread. The distance Mween the ,K,int of support and the center "of the bob iscacd the length of the pendulum. A double swing fn«n one side to the oS^er and back bcalled a vibrahon. The extent of the swing from the mean position is called the TmpM

to ifi^ll ?w
'^P":*^"* " P^^n**;'"""' '-onsisting of a particle attached by a string to 0. If leftto itse f, this ,M-,uhi un, will take up a verti.al position IhrouKh <). If drawn a«,de to 4sition ^

z wir'; .'
:v"

'"""'
'rT'^ ':

'•'"""^' ^^ ^"^ "'•-•--•" -i^' "^ «»"" f--
< \rv. t.on

c'on. «;; at ; "Th "r "•^'^'n
''' " .'^"'"••-"^-^ '' "- •""F'.-ent grows smaller andiHxonMH wro at / Ihe particle will gain kinetic etierg.v in moving from A to /' and in

uuZ will'
!'"'

T
"" '"/ ^'^'"'•"^""'^- Th<- .notion is mnpic harn,o,uc mo(u,n, and the

•
.

c Hill cont.n.i,. to vibrate from si.ie to side until it is brought to n-st bv the oprJngln.tu.nal fora-s. if ,1... un.pi.tude of ^^.ratlon is small, it can U- shown that the tmieTf'Jle
;.<.Hpirt^ ubraiion ,. K.vcn by T ^2^y^l where I is the length of the pendulum, and g is the

I
acwlcration due to gravity.

Hence «-4,^~

(OTWI)



Procedure: (1) The Effect cf Amplitude of Siring. Adjust the pendulum so that it is

exactly a meter long. Start it swinging through a small arc. One observer stands directly

in front of the pendulum and counts aloud every time it passes in the same direction through

the middle position, while the other observes his watch. When both are ready, one b^ins
counting the transits out loud thus: —3, —2, —1, 0, 1, 2, etc. At he taps with a meter

stick on the floor while the other records the reading indicated by the second hand of his watch

to half a second when the tap occurred. The first observer continues to count and marks

5, lO 15, 20, 25, 30, 35, 40, 45, 50 by a tap, while the other records the time at each tap.

Subtract the time at the 0th tap from the time at the 30th tap. This gives one value for

the time of 30 vibrations. Do the same operation for 5 and 35, 10 and 40, 15 and 45, 20 and
50. These five values should agree fairly well. From their mean obtain T.

Do this for amplitudes of about 5° and 45°.

(2) To Show that the Period is Proportional to the Square Root of the Length. With the

pendulum swinging through a small are, determine the time of vibration as above for four

other kngths, in this order: 14C, 120, 80 and 60 cm. The time for the 100 cm. length has

already oeen taken. Calculate T, T^, and T^/l for each of these five lengths.

Plot 7^ against I on squared paper. The fact that all the points lie on a smooth curve

indicates that some law connects T and I and the form of the curve shows that T* is pro-

portional t« I. This is also shown by the fact that the quotients T^/l are practically constant.

(3) To Find the Value of " g." Using the results obtained in (2), calculate g for each

of the five different lengti s and compute the ave: vjfi.

Tabulate your results thus:

J T r. Tyi 9

60

80
.

100 (5°)

100 (45°)

120

140



FIRST YEAR EXFi^RIMENTAL PHYSICS

MECHANICS

LAW OF MOMENTS

Object of Experiment: To verify the law of moments, arxl (o apply the principle of work
to the lever.

Apparatus: Graduated bar mounted at its center r.f Rravitv; five scale pans of known
weight; two 500-gram weights; 4(K)-, 300-, and 200-gran. weights; unknown weights; centi-
meter scale.

Theory: The momevt cf a force about a point is th<. prtnluct of the force and the length
of the perpendicular irom the point to th<- line of action of the force.

The lever is drfinpd iis a rigid l.ar free to turn alxnit m.uic |M,iiit (\ called its fulcrum.
In this cxperunent, if the fulcrum is at the center of gnivity of the bar. then the weight of
the l)ar need not Iw considered. If weights arc hung fn.m each side ' the fulcrum t'<e con-
dition for equilibrium is that the sum of the moments on one side Uc fulcrum equals the
sum of the moments on the other side. That is I'XAV = QxBC.

Therefore
Q^Ar

(1)

If, while the bar is in equilihrium, it is given an angular displacement fl, then the weight
P moving through a vertical distance r/ will do work .((ual lu l',l. Q will be raised by
this displacement through a distance (/', and the work done on it is ((piid to Qd'. From the

AC d „ . . Q (Ifigure it is clear that — = -.
oC a

Hence from (1) ^ = :j; <,r Pd = Qd'. i.e., one force nmltiplied by

its vertical displacement is equal to the other force multioli". bv its vertical <iisplaeenient Thi.s
proves that the work done ..n tlie lever by the ajjplic i ,rc(> e<iuals the work done by the
lever on the resisting force.

Procedure: Balance the two .VlO-gram weights <,n .ach side- of th.- bar. Measure their
distances from the fulcrum. Verify the fad that their moments arc ,.,|ual. In every cas.-
the weight of the pan mu.st be added to the wcigiit it sui)port<.

Place the .{OO-gram ..eight near llw end of the bar an<l balance with the .'.(l')-gnmi weight
on the other .side. Verify the law of moments. Turn the rod through .i riHul-nite angle and
mea.sure the vertical displa.rm.-nts of ,.ach weight, 'l-his can be ,ione by lowering one s..|,.

unti the pan rests on tli.- table, .md ineasurinK (he heights of thr Mipports of th.. pans above
the tabic. Then do the same thing with the other pan resting ,,n the tabli-. The v< rlical dis-
placements an> easily obtained by .v'ubtraclion. \erifv the fart that the work donr bv on.-
wemht equals the work don.- .m the .)th.-r. Kxpr.-ss thr w.i.k .Ion., m giam-,r.,tun,t,-re andm ergs.

Raljitw-n two weiffhts .-i! difTi-!':'Jit •v.ir'.t-- .-'.:

thnn- weights on one ,«ide against two on the
Calculate the error in .-ach case and th.-

,

near the end .)f one arm against the oOO-gram weight
value of the unknown weight.

oth.r. Veiify the

jK-rc'-ntage error.

^iic" nn the rilhti. Ai.-o balance
l.'iw of moments i.i each cas«'.

Balance the unknown weight
.Vpplying th.' law of moments, find the
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FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

PULLEYS

Object of &periment: To studyTthe pulley as a machine, and to find the mechanicaladvantage of dillereat forms and combinations of pulleys.
mechanical

Apparatus: Four single pulleys; two blocks ot three nullcvs each- two sralo ,,„„ i

of stout thread; meter .tick; frame from which pulleys cLTsu^pli '^'

puucj be fixed (l-ig- D- If a strmg r .sing over the pulley support*, a weight W at one onrfIt can bo balanced by a force P at the other. Since C is the fSlcrum, thTpx/c=irxM=or P= H
. there

^ no fnction. If P moves a distance A' th.n W mov^s a distance AT anJthethe work clone .s PX or WX. In this cas<. the mechani,.al advantage is simp^onc of direc^ic^,If the pulley IB movable (Fig. 2), then at any instant PX.ir- = irxi<r where C is thfu"crum. Hence W/P= 2. The ratio W,P is called the mechanical advantie In FIk 2 fP moves a distance X, W will move a distance Y. From the Drinciole of Tho' mnLii; '
I

irS
- '" » -v, xt";.1LS, er»„^JL.'wL 'i:^S r'£ L'lf to"]

J'
If the weight u; of the pulley is considered, then (W+w)Y= PX. ^

Pio. 1.
Pia. 2.

I

-idorin, ,he pull,,,, I,' llu. .,,'l,t ,,.|, w , H Jl.'v j1, " '"i
"""",' <'™-

mechanical advantage = j =- -—

tage = = —^ P K p-

Procedure: Suswnd fho nnllcv u? i" Fi" !• n- '- • _:
^.•..h,H ,, lance, an.i ,hat one moves up"., much ^ii: :ii;:rn::;L':i:^

"""" ^"" ^""^l

(OVBB>



equals 2. Verify also that for any displacement of P, that of TF is one-half as much. Giv
P a displacement of 25 cms. Calculate in gram-centimeters and in ergs the work done o
both sides. The weights of the pulley and the pan must be considered. The small dif!erenc
in the work done is due to friction. What percentage of the total work is spent in friction?

r^
\^

r~\

r'\

^'7^

Fio. 3. Pio. 4.

Arrange the pulleys as in Fig. 3. Suspend a pan with the 500-gram weight from tl<€

lower pulley. Repeat the above obaervations and verifications. The work done is dven bv
PX = {W+w)Y+6wY = WY+7wY. ^

Pass a string around the two blocks as in Fig. 4 so as to include all the pulleys. Suspend
a 500i^am weight from the lower block and repeat as in the last case, finding the mechanical
advantage, the work done and the percentage of work spent in overcoming friction.



FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

ARCHIMEDES' PRINCIPLE

Object of Experiment: (1) To verify Archimedes' principle, and (2) to find the specific
gravity of a soUd.

Apparatus: Tin vessels; copper beaker; stone; wooden block; metal block; thread,
balance and weights.

Theory: Archimedes' principle states that a body immersed in a fluid loses weight equal
to the weight of the fluid displaced. If the body floats, the weight of the fluid displaced must
equal the weight of the body.

The ratio of the weight of any body to the weight of an equal volume of water is called
its relative density or specific gravity. By Archimedes' principle the specific gravity may be
defined as:

weight of body in air weight of body in air

weight of water displaced loss of weight in water"

Procedure: (\) To Verify Archimedes' Principle. Weigh carefully the smaller of the two
tin vessels, the stone and the wooden block. Fill the larger ves.sol with water until it over-
flows through the spout. As soon as it stops dripping place the smaller vessel beneath the
overflow tulw and carefully immerse the stone. Det«»rmine the weight of the displace*! water.
Repeat for the wooden block making sure that it floats upright. Using the copper beaker
and the bridge weigh the stone immersed in water. Compare the weight of the block in
air with the v.eight of the water it displaces. Also compare the loss of weight of the stone
in water with the weight of the water displaced by it.

(2) To Determine the Speafic Gravity of the Stone and of the Metal Block. The specific
gravity of the stone can be calculated from the data already obtained by applying the formula.
Determine the specific gravity of the metal by weighing it in air and ia water.
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FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

THE JOLLY SPRING BALANCE

Object of Experiment: To drterinine the stjocific RPiivity of (1) aluminum (2) brass, (3) a
saturated salt solution.

Apparatus: Jolly spring balance; piece of aluniiuuui; piece of brass; saturated salt solution.

Theory: The density of any substance is defined as the mass per unit volume. Hence
, ., mass
density =—i

.

volume
The ratio of the mass of any volume of a substance tf. the mass of an equal volume of

water is called the relative density or specific (jravity of that substance. Thus specific gravity
is expressed by the ratio

weight of body
weight of equal volume of \vater'

By Archimedes' principle a body immersed in a 'iquid loses weight equal to the weight
of the liquid displaced. Since the volume of the liquid displace ' must equal the volume of
the solid, specific gravity may Ijc defined as

weight of body in air

loss of weight in waler'

Hence for a solution, the specific gravity is expressed by the loss of weight of .i body immersed
iri the solution divided by the loss of weight when it is iiumersi'd in water, since the volumes
displaced on both cases are equal.

Instead of expressing the weight in grams, in this experiment it is expres.sed in millimeters
of extension of a spiral spring. By Hwke's law the extension of a spring (within certain limits)
is proportional to the weight which it suspt>nds. Hence instead of reading the weight in grams
read the weight as mihimeters of extension.

The Jolly balance consists of a spiral spring suspend<>(i verticallv with two scale pans
attached to the lower end, the lower one (.f which must aKva\s Ik- iminersed in water at such
a depth that but a siniile wire emergi's from the surface of tli(> li<|uid. Behind the pans are
a mirror and a millimeter scale. A small i)ead or a pointed wire serves as an index and its
position on the scale should be read to one-tenth of a nullimeter. There will iK> no error due
to parallax if the reflected image of the index coin<>ides with the index it.self. The instrument
should be adjusted so that the spring hang.s parallel to the upright and the index comes directlym front of the scale.

Procedure: (1) To Find thr Sprcific Gmvity of Ahiminum. With the lower pan immersed in
water take the zero reading Eo. Lower th.- Ix'aker to the bottom of the upright and place
the aluminum in the upixT pan. Rais<- the b.'aker until the lower pan is again immersed
Read the extension E„ produced by the body in air. lie,, .ve the bodv to the Iow(>r p-m'
taking care that no air bubbles adhere to it. A.ljust the beaker and read the extension eI
produced by the Ixxly in water.

Calculate the sfwcific gravity from the formula

of brais
^^ ^""^ ""^ ^^'^"^'^ ^'"""^ "-^ ^'"''"^'' ^'^^'^^ *^'' '''^'''''*' P'"o<'«'dure for the piece

(3) To Find the Specific (Irnritu of the Snlumt.tl Snii S„l„h„„ i?,,.,i i.,. „ 5,,. jj._
small glass sinker. Head the scale with the .smker sus,H-,ule,l m air.' 'A.ljust" the""l«.aker so
hat the smker is submerged and read again. Replac- the water by the salt 9<,lution and with
the sinker submerged take the reading.

Calculate the specific gravity of the salt solution.
Replace the salt solution in its container, rin.sc the glass and wash the sinker.



mM

:'/','



FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

MOHR'S BALANCE

Object of Experiment: To determine the specific gravity of mlutions, using Mohr's balance.

Apparatus: Mohr's balance and fixtim^; solutions of different densities.

Theory: The apparatus consists of a balance beain divided into ten parts. From one end
is suspended a glass sinker, while the other end is so counterbalanced that the beam is in

equilibrium when the sinker is suspended in air. With the balance arc three riders, the unit,

the tenth, and the hundredth riders. The largest is sf> madt^ that its mass is exactly that of

the volume of water displaced by the sinker in actjordance with Archimedes' principle. If

then the sinker is suspended while immersed in water, the balance will be in equilibrium

when the unit rider is at division 10, i.e., suspended on the hook with the sinker. "The tenth

rider has a mass .1 of the mass of the displaced water, and the hundredth a mass .01 of the

mass of the water displaced. Suppose in a particular case the unit rider is on division 8,

the tenth rider on division 2, and the hundredth rider on division 5. The specific gravity

would then be .825.

Precaution: Be very careful after using a solution to pour it back into its own bottle and
rinse well the glass vessel and sinker before using another solutifin.

Procedure: See that the beam is level when the sinker is hung in air. Verify the weights.

This can be done as follows: Suspend the sinker in water so that it is entirely immersed.
Place the units rider on the hook. If it is correct, the balance will be at zero. To test the
tenth rider, place the unit rider on division 9 and the tenth rider on the hook. Then .9+.l = l

and it should balance again. Place both the unit rider and the tenth rider on division 9 and
the hundredth rider on the hook. Again it should balance since .9-f .09-f .01 = 1.

Now find the specific gravities of the solutions given.
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FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

THE SPECinC GRAVITY BOTTLE

Object of Experiment: To determine he specific gravity of a liquid and of a solid in
fragments by means of the pyknometer, or specific gravity bottle.

Apparatus: Specific gravity bottle; distilled water; salt solution; fragments of rock-
balance and weights.

'

Theory: By definition the specific gravity of a bo<Iy is the ratio of its weight to the weight
of an equal volume of water. The specific gravity bottle if< designed to hold a definite volume
of a liquid. Of the many forms used, the one provided for this exix'iiment secures its constant
volume by means of a stopper with a capillary tube. Obviously the volume will b.> the same
whatever the liquid in the bottle may Ix-. Hence the specific gravitv of liquids can be obtained'
since the masses of ecpial volumes are easily determined and compared. Also bj- the application
of Archimedes' principle the specific gravity of a solid in fragments can be found.

Procedure: The volume and therefore the'density of a liquid varies considerably with its
temperature. Hence in comparing the given solutions with water, car<> should l)e taken that
they are at the same temperature. For the same reason the bottle should not lx> held in
the palm of the hand, but should be handled by the neck. All weighings should be made
to the nearest milligram.

(1) To Find the Specific Gravity of the Rock Fnigmrnt.^. Weigh the empty bottle (B)
being sure that it is clean and drJ^ Place not n.on- than 100 gni. of rock fragments in the
bottle and weigh again (B+R). Fill up the remaining space in the bottle with distilled water
and insert the stopper. As some of the water will be forced out of the capilir.y tube dn-
the bottle and weigh again (B+R+w). Empty out the water and the rock, rinse thoroughly,
fiU with distilled water and weigh (B-^W). The sjTubob. in brackets stand for the various
weights obtained.

J- J^Tu ^\ ^^"^? '^''*'''*-^' ''^ ^^"^ '"*'•' ^"^ Archimedes' principle is the weight of the rock
divided by the weignt of the water displaced by the roc!:, ..id is given by

R
W-w-

(2) To Find the Specific Gravity of a Given Solution. Fill the bottle with the salt solution
wipe dry and weigh. The weight of the Iwttle filled with distilled water hiis already been
obtamed. Calculate the specific gravity of the salt solution.

Precaution: Rinse out the specific gravity bottle thoroughly and wi^ the stopper at theend 01 the experiment.

f





FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

THE CONSTANT-WEIGHT HYDROMETER

Object of Experiment: To calibrate a hydrometer, and by means of it to measure the
density of a given solution.

Apparatus: Ungraduated constat* " v '' iiydrometer; commercial hydrometer; distilled

water; salt solution; solutioa of copp i sulphate; laiJ ^jlass jar; centimeter scale.

Theory: The principle of the hyi w ,(i i> that •- floating body displaces its own weight
of liquid. The commercial instrument ".isir ts .! a holk.v gl<;.«s tul)e, uniform in cross-section

and .vpishtc'd at one end. A scale is mur'xtu '!;von it, gradu.itcd directly in density. In
different liquids the hydrometer sinks to different depths, dcfHTuling upon the density of the
li(iuid. The smaller the diameter of the tulK> the grejiter the sensitiveness. In such a case
a long tul)e vould 1h> required for a great range of densities, aiul a correspondingly large quan-
tity of the liquid wrmld be required. To avoid this, most hydrometers have a limited range,
so that different liquids require different instrmncnts. Thus there are lactometers, alcohol-
ometers, et'".

Suppose a hydrometer is inunersed in a liquid of density rfi, and the level h of the surface
of the liquid is marked on the .stem. It is next placed in a liquid of density d^, where ^2
is grciiler than rfi and the level h of the surface of the liquid is marked. Ix't «,- he the weight

of the hydrometer. By Archimedes' principle
"'

and J are the volumes of the liquids displaced

in each case. Also k-h is the length of stem between the two marks. The volimic of this

w w

length is
,
--;- and the volume ro per centimeter length is -^

—

r^.
"1 '*• tj — (i

Th- refon;
ir /I 1\

Now let the hydrometer t)e immersed in a liquid of unknown density d and the level I

of the .surface of the liquid marked on the .stem. Suppfxs<> d is greater than di. Then l-li
IS the length of stem between the marks for these two densities.

Then
IV)

l-li\di dl- (2)

dl is a known <lensity, nn can l)e det^rmineiJ, and h, h, I and w can l)C measured. Hence d
run Ik- found.

Precaution: Return each solution to its proper bottle, and rinse the hydrometers and the
jar each time they arc used.

Procedure: Remove the lower cork and weigh the unmarked hydrometer which ia to be
raliiir!it<Hl. Fill the tall jar with (listille<l w.u.r and immers<> the unmarke<l hydrometer. In
tins cjvso rf|= I. Measure the length /i* of the hydrometer tuln- which projects from the water.
Pour back the di.stilled water and fill the jar with the siUt solution. Its density di may \k found
by the (!»muiiercial hydromcirr I'lun- the unmarked hydrometer in the sjilt solution aiid measure
the expDw^l length I, of th(< tuln'. Pour back the suit solution and thoroughly rinac the jar and
the hydroinetiTH.

(alcubite tin from formula (I).

The other n-eeptade ii>ntains a solution of coppiT sulphate of unknown density d. Fill
the jar with some of this .solution. Place the unmarkecl hydrometer in the solution and measure
Wie exjjomHl length I o' iM'fore.

i
Calculate d from foi inula (2).

1 Verify your result with the commercial hydrometer.
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FIRST YEAR EXPERIMENTAL PHYSICS

MECHANICS

BOYLE'S LAW

Object of Experiment: To verify Boyle's law.

Apparatus: Boyle's law apparatus; barometer.

Theory: C'omprostiiliiliiy is oiip of the fundamental properties of gases. If the pressure on
all enclosed miiss of pis i.-i chanRcd, there is a marked change in volume. The relation between
the change in pressure and the corresponding ehange in volume was first stated by Robert
I-oyle in ltiG2. " At a coinliuit trmpinitiire, the volume of a mass of gas varies inversely as
tlic pressure to which it is subjected."pressure

Thus if

Then

subjc

V'o = the initial volume of a mass of gas,

Po=lhe initial {)res.sure,

l'' = .some f)ther volume of the same mass of gas^
P = the corresponding pressure.

VoPi) = VP= a coiiatan t

.

Or it may be written l' = -p, where K is the constant.

This simply means that if the pressure is douliled the volume will be halvec*
In the ap|)aratiis provided, a ma.ss of dry uir is enclosed in the right-hand tube. Suppose

that the level of the mercury in both tubes is the same (Fig. 1). Since there is equilibrium,

I'l.i 1. Fui. 3.

I

the downward pressure at .\f must e<|ii.il the upward pressure at A^ according to Pascal's law.
Hut the downward pivssurc at .1/ is the atmospheric pressure B. Let r = the volume of gas
^n. i.i«,i. Mmii i.y Hoyie"f( iaw isV-^K.

Now sup|H.s<' the oiMM tube is rais«-d so as to increase the pressure on the enclosed air
(Pig. 2). By Pasial's la*, the upward pressure at N equals the downward preesure at M'.

3
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But the downward pressure at M' is evidently composed of two parts—the atmospheric pressure

on M and the weight of mercury of height Hi. Since the atmospheric pressuro is measured

in centimeters of mercury, the total pressure at M' can be written B+Hi. Lo' « the new

volume, which will be smaller than V.

Then by Boyle's law {B+Hi)Vi=K = BV.
There is one other possible case (Fig. 3). Suppose the open tube is lowered until the level

of the mercury in it is below that in the closed tube. Here the upward pressure at N' equate

t..e downward pressure at A/ which is B. So the upward pressure on the gas is B-//2.

Let 1*2 be this volume, which will be larger than V.

Then as before (B-H2)V2'BV = {B+Hi)Vi = K.

Procedure : Read the barometric pressure B. Adjust the closed tube until the bottom of

the stopper is opfxisite the 100 cm. mark. Lower the open tube until the mercury level in the

closed tube is very low. Read the two levels of the mercur\-.

Now adjust the open tubt> so that the mercury level in it is raised by about 12 cm., and read

the levels for this new position. Continue to take readings by raising the open tube by

intervals as indicated above until the upper limit of the scale is reached so that altogether

at U^ast ten sets of readings have been taken.

Record vour results thus:

I.^vj'1 (>p«n 'i'ulu .1 Tuhr Bill

The products {B±H)V should agree fairly closely, since they are values of the constant A'.

Plot a curve using pressures as ordinates and volumes as abs(is.sa>. The curve obtained

is a portion of an equilateral hvix-rbola. The fact that the points all he on a smooth curM'

indicates that some law connects P and V. The verification of the particular law is obtained

from the agreement of the curve with the theoretical one or, in this case, by the equahty of

the products.
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FIRST YEAR EXPERIMENTAL PHYSICS

HEAT

THE FIXED POINTS OF A THERMOMETER

to ^dlTfio^^^Z'' fiIdinr;i""T
"",""" '""'"^ "' '^ "'^'•"'™' thermometer, and hence

thermometer
^ """ ''"' t^'P^rature corresponding to any reading of the

so„.c^^r, j;;:::""""^"^^ '" '- '''''''
^ '->'- ^"«' -^h crushed ice; a steam hy^

fixod^!;;-:?:\,;^,;r';;;;;;;:,:l;;:;:!;:'';;;!;r r','
"'*^" '-"mes necessary to redetermine the

vnvnJu,„u\i,ur t,, ti,
.

•
""^ '' "'*"^"t f'"* determination of the reading

;:;":r''''''«
" •'" ^'"''^""^ -•' •'•"''"»^ .on.,K>ra,urcs of water under a known baromeTrk

and !i:;no;i:^,vt';ir;;,:::;.;r;:::i;r ';,;;:/;;:;, ';i:;;r''^
" -^"^'"^

'r'^^
^^"°*«^ ^^ '•^

f, ;
* it.Kiin^ wnoM tlic tlicnnomcter is unmersed m steam

..ne .,Hn:;<.r!r;;:::;::; ;:"„;.!'";.
" ""

""'^"•r-^'^'
-^ standard ';;^;..frincr^ of

sin,.,, tl, V
"'""'"> '" "'< I'l'-^^urc raises (li,. lK)ilin(j-point of water 37° C Therefore

a^ luu L., it lollops that the true t,.m,xTature T of steam is given by the equation

T=m+.37(B-76):

when> fi is the haronu-tcr rc>ading expressed in ,.entuneters of mercury.

right wf- .i,r;;;7:;:;: •,,;;:' ,f r"""' "'"T'-'r""
"^''""^^ ^'^ ^^p^^-"'«' «« ^he

o-iuil to (7- m t,.,, I ,
'

'"'* therniunieter divisions are

of 1 1

'?'?''
.

"''"'• ••'^^""'i"K that the capiHarv Iwe"f th.. thermometer >s of un.forn, ernss-se.iion, .t follows that

One thcrmomrUr dii '•"'""
="/ _, ''"'"' '''!/"« C'rtitiijrmk.

of tl^'u*'^""'
'^'';'' •' ""'" ''^"'"''' '"'"••.•'.tion ^^oes on in t^e h.Ib

olisei Viitioiif

•ough any
for the fr(>eziiig-(x)int

-mo'

'onsi.ierahl,- ran^.. „f teir,|vratiiie. !h<
shou dfH.,akenl».f..,e those fo, the |.,.n,nK-,K„n,.

•^'<'-'"..> ahnost statinn.r .., ,1 ,1
" '''''''''''^' '"'""'" ^'^

vaN until fiv,.
„'•'"'''• ";"' ""• <l'<'nnoineler at one-nunute inler-i e rn ^''"S;"::* :;;:

"'-•-'"-"<• sy^f-natie change.

-^tnn of the the.; , e ! . ;;
" "''" ''^ miMTuheular to the

«.^' of the L^
'

'

e ';::':/" "'-'•—- -^ take the avcr-
i

-«o'

\ahie of
t,.

l'^:r.;"l.""'."'"
'•'"':•• "--''"f '•'• '.ypsoineter is al.„

Flo. 1.

»' .d>

the Lull) ill the hand

il two-

apixan-; ai«,ie

"" " """'•
•"V"'V'

""•"-•" -.•r f."onrih;-..;:and, after warming .t bv
(lie stop|)er. ,'»

slowly insert it int.. tl... ..•a

nice the
th,

holding

of .he ...rmometer •;^;:;;id 'ur:,z ;;.e's::':/ ^C'J'r't!'^':^^^^*l-
>'<; elean, ., that, as the steae, .-o den I on i will l ""i '^^'i ^'T"'""^'

'^'''^^pr ,.st a, the .,..,,,.,,, ,,,,. ,,, steJ' t^' U::'L^y:^i-'\^^^ ^J^
I (ovEa)



wm'^-^-m^^mw- ^''mm im^fr^^^^.i^>

the preasur. within the hyp«.meter is not sensibly greater *>-;-
!;*^"^,^^l°"by ^

'""^

manometer tulx,. Obtain the thermometer readmgs as before, and tlenot* the mean by t..

{^^oir^eXSde a diagram simi^r to Fig. 1. but -«^ the^vdues obtained for T,

U and t, inserted Find the value of one scale division of the thermometer.

Problem- Suppose the thermometer reads 60" C. when placed in a certain solution. Find

the t^M^mpe;^";^; the solution (1) in degrees Centigrade. (2 in de«'-/^-^f;'i-
.,„ ,,,

Write tin- formula for the true temperature ^/"'^7«"^;"K to any eaamg^^

thermometer fsted, inserting the special values found for (., etc. Hmt. <-(true value

division) X (number of divisions x is above true zero).
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FIRST YEAR EXPERIMENTAL PHYSICS

HEAT

THE AIR THERMOMETER

Object of Experiment: To (letormiiie the coefficient of expansion of air by means of a
Jolly constant-volume air thermometer.

Apparatus: A Jolly air thermometer with a quartz hull); a hypsometer; a ves.sel for
cracked ice.

Theory: By Charles' law the product of the volimio V and pressure P of anv given mass
of gas IS proportional to the absolute temperature T.

If Po, I'u and To iei)resent the values of these quantities ut 0° C, then

Py^PnVj^
T 'To

•

s the temperature on the Centigrade scale corresponding
If w(> write (To+ t) for T where t

to T ilegrees absolute, then

from which we have

1

is

PV = P,Vu(\

cwfficicnt of expansion of the gas

1

T,

and is written a.

k^-

Henco we have PV =

rp ..^ the
In

Pol',, (l+at).

If either /' or l" is kept constant, when a gas is heated, a may In- measured bv observing
the increasem cither the volume or the pressuir aU.ne. In the Jollv air thermometer the
vohinu. of air eiu'losed m a quartz bulb and heated is kept constant bv" increasing the pressure
to which the air is subjecK-d An adjustable m.Mrury column is provided for this purpose

^ince V IS constant, we have P = Po(l+al) which gives u.s

P~Pn
" = "7v (1)

No corre.t,.m is necessary for the volume chang.. of the (,uartz bulb, since the eo<.fficient ofexpansion " <iuart/. ,s very small; neither is . necessary for the volume of air in the tulx-
(onnccting the bulb with the manometer colui,.n, since iIk- vohm... of this tuln^ is small com-
pared with the voiuuiv of the bulb.

Procedure: Obtain some finely cra.ked ice, well moistene.l with water. Insert th.> quartzM,b of the thermometer m the vessel provided (.„ the ice. an.l puck the ice well around theulb. A.ljust til., manometer ..olumn until the nnreury lev.-l co,n..s to the arbitrarv zero on<he scale. Kea.1 the barometer .a.efully to fi„,l the air pn'ssure on the op-n manometer tul»e

subt 'clinTrr"''!.
'" ' '" ''• '^ ')' '" '•''"'' "• "" '-'"•""«•• r.-.'i.l,ng after a.lding orsubtialmg th.- dilTeretHr m n.ercuiy level in the two arms of the manometer

fr,,n, h'''i ''''''i'''r'
'"';.''<•'••;""• ^""'I.V (al'OUt 1,5 miiutes is sufficient) remove the bulbfrom the ice an.l place ,t i„ the hyp.someter, wh.Te it is surround.-d bv live steam Adjusthe manometer .•ohinin until the MK-irury level ,s brought to z.-ro on "the s.ale. Head thebarometer again, and hml the temiK'niture of the ste.uii from the formula

t = im+.:n{B-7i\).
\Uen the reading is .s^vn to l>e steady, ..bserve carefully the reading <,f the mercury level in

ZZ'iri '",""
"'r""""'--

'i'" <'•"-' "- i"—
•
"f p,,.ssmv m centimeters o nJrc^due to the heatinir. subtnict tlu. r,m,lin.r ,.f .i,( _. i i ...l . ,• • -l 4

-i,,,„ j;n.
, ,,

- - ..-! — i:j ir-.f: nUvii the !iUlD W;i6 at U" Cllus difference is e(jual to P-Po.
Now CHleulate the c(H«fficient of expansion a from formula (1)
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FIRST YEAR EXPERIMENTAL PHYSICS

HEAT

COEFFICIENT OF EXPANSION

Object of Experiment: To determine the coefficient of linear expansion of brass

mctefSr^heiSrr ''''"'^"^ '"""= '^''^^"'"^^'^^ "~«P«= «teel centimeter scale;

unitis^of'^/^ifjir i.x'r s:^::^ h^Th r'^«"^^
^^

*^r
-"--- ^"

to^b^constant at all temperatures, ^1 ir'nliSrirn,^t 'Itr^iri^l^^(^^^^^^

•s h-l, and the increase in unit length for a temperature change of t,-t degrees is
''-'

Hence the increase in unit length for a,, increa.se in temperature of one degree is

i{ti-t) i(h-ty
which is the coefficient of Unear expansion.

I

rr.J!Z:i^^T.A.,:rr tI
;^^''^^"'^^•" ''^^ ^^-termination of . ari.s in

».y direct rnoasuronit I e ,; . niicromoZ ?""" '^ "'"';' '? ''"'^" *" ^^*^"'»"'^ accurately

A screw with a divii, 1 .rc'rr™ T th v""
'

'" "'' f""" .«f ^ micrometer microscope
to Ik. coin,.id,.nt with the imto 1 turn n

'""'' =\,'">-^-^-h""'. «hi''h <un In- arranged
across the field of vision. li^nZ^^'^';^X:::Z^'' 7T^' T '"' "''"''' *" ^^
to form one boun.larv of the fiHd i^ i^i. id d^nv h","*^,

""'''^
'". '^' "'i"os.o,H. so as

are so made that ..h one >'on.Z^u^^ ^tZ^^^'^ T'^'^ "^T^'
'''^

tance Mween the teeth is the pitch of the scr-w S, ..

"'''''''• •''•" ''• '»" ^'S"

object and the cro.s-hair is sol t^.yZi^;n.^''''u\u ^7'''''"^ ''^ ^'"'""' "" '^-
moves with it and away from the cros nJ t .

^"^'^ '""'"^ "' ""• <'"' '"'"Re
over the .same mark and eo ting the num . . whr"':,,

'"'

'^^^'^^^^l^
*'?<' <"--l.air i. agah.

divided iiead, the displacement of^the m;;k';ai:l;|::;; ':;z:!:t z::^::^
'' ' ^"™ '^ *^^

to t^rs:; wS^::r^,si^;,:-;/L:?r"^ ^^ ^^-^^^'-^ ^^^ -p^^- ^" ^^

Ihe rod whose- expansion coefficient is t<. bo ,i >„.., i < ,

!;,?!j.';l*"i"«^ ™''^ ." '^^t^ H.;::;;.i;:;L,;:,,'":i,:'™T ™!':.rv~:

(oveb)
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Having removed the thermometer, replace the stopper and allow '^'^^.^"^^^^ ^^:,

formula <i = 10O+..37{»-76). ..„,„„ *ho fiplH of view of the microscope.

It will be noticed that the mark
•jf^.^^^^J'^^t ^'^^^^^^^^^^ coincides with

With the steam still flowing, turn the divided head until the cross nair agai

E&timate the fraction of a turn

the mark. Count the number of whole turns passed over.

from the two readings of the divided head.
micrometer screw. To get it in millimeters

This gives the
^^^--^^^l^.^^'^^^^^^^r mark o a '^1 scale pLed on the stand.

remove the microscope and ocus it "".
r,'""'™,^^'X cross-hair one millimeter. Calculate

™S,S. Icnu.h'^ol the rod from the mKk io the pk»> -.hen, .t „ fixed.

Calculate the coefficient of expaniiun.

.«

'i
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FIRST YEAR EXPERIMENTAL PHYSICS

HEAT

SPECIFIC HEAT

Object of Experiment: To cletormino the specific heat of copper by the Method of Mix-
tures.

Apparatus: A .siiitalilo caloiiinctpr ami (yliiulrical heator, which is a modification of Reg-
nault s appanlus; a iii:uss of copixT wire; two thermometers.

Theory. Hy the sixritic lirat of a siil)stance is meant the numlx-r of calories required to
raise the tem|x'iatuic of one unini of the substance one denrei- Centigrade, the calorie tjeing
(iehned as the amount of heat neces.sjiry to raise one gram of water from 14.r)° to 15.5° C.

Supix»«' a known iiulss of co[)(mt If, is heated to a temixTatiire tc, and then quickly lowered
mto a mass of water H„ contained in a copix'r calorimeter of mass H't.

U't the initial tcmiK-rature of tiie water he /, and the final imiform temperature of the
wafer and (•oi)iX'r Ik t,. Then the (luantity of heat lost hy the ma.ss of copper H', will be
equal to .sU M—h) calorics ,s l^'ing the six'cifie heat of copjjer; and the quantity gained by
the water will U' e(|ual to ir,„(/,-/,), and that gained by the calorimeter will be equal to
^»t{h-ti), smce the calorimeter is of copper. Hence, assuming no gain or loss of heat
externally, we can write

i^\Vi{t-tj) = WAl,-ti)+s\Vt{t2-h).

Therefore WJh-h)

The <|uantity .sTI'» is called the " wtiter equivalent "
f)f the calorimeter.

Procedure: First fill the steam n,,„,,rat<>r alH)ut to the shoulder, and start heating the
water, lie sure to have a she<'t of .islxstos uikI't the burner to protect the shelf or table.

Weigh c.irefnUy the nuiss of coj.ix'r wire H,. Su.six-nd it bv a thread inside and nearly
lialf-way down tlie cylindrical h(-at(>r. Insert a thermometer into the c.Miter of the mass of
copptT wire so tliat it .I.k's not lomli the inner sides of the cvlinder and read too high.

Connect the steam g.^neralor, and let th(> steam flow through the cvlindrical heater till
ttie eopiH-r luus Ueii raised to a hif-h teniix'iatiire, which .-ihoiild Ix- about 95° C.

While the steam is flowing, (lelermine t!u' weight ir, of the calorimeter (the inner copper
U'aker only).

Fill the calorimeter with wal.'r to 1 cm. from the top. lK>ing careful to take enough water
so tluit It wil completely cover the copixr wire without overflowing. Again determine the
weight, and deduce the weight ..f water U',,.. The wat<-r in the calorimeter should l)e cooled
to atx)iit n ( . below nxnn tein]X'ialure.

Place the calorimeter inside the felt-lin(>d vessel.

.hist Morv low.'ring the heated .-oppiM- into the calorimeter, .stir the water in the calo-
rimeter and read its tem|x>rature /,.

Read the t<'ni|X'ratiire of the copfxT wire tr.

Now place the .vdorinu'ter under the cylindrical heater, and quickly but carefully lower
he inas.s of e„p,x>r into it. Carefully stir th(. water with the thermometer and re^ the

tngticst temiXTatiire Ij reached liy the mixture.
Substitute these values in the formula, and calculate s.





FIRST YEAR EXPLRIMENTAL PHYSICS

HBAT

LATENT HEAT OF FUSION

Object of Experiment: To determine the latent heat (.f fuMor. of ice.

Appiratus: A ealorimeter .onsisting of a copper In-aker in a l..,x to reduce errr.rs clue to
radia ion; a second cop|x-r leaker to contain ice; thennonicter; hltc-r pafHT; forceps; l.roken
ice; t)alance and weiRhts.

Theory: The Uilml hat of fusion of any sul.stan..- is .!,.(,„.<! as th,- ninnlH.r of <.alori<.s
required to convert one gran, of the solid at the nu'hin(;-p.Mi.l into li,,uid at the .sune tem-
perature.

Suppose a quantity of ice of weight W, be dropi^..! inf.. a <|ii:ui.itv of Nviter U„. a a
temperature h and the mixture he ..tirre.i until the in- ,s .n.lt,,! ;iiid the water is of umiorin
temperature <2. The h.-at ahsorlxnl l.y th.- ice without chant;,, of fmiKTature will Ih^ AH',
where /. is the latent he.at of fusion of ice. The mass H', will furth.r.non- l,e rais.d to a tem-
perature to, m that the total heat absorbed is equal to LW,+ W.t., calories

DenotmK the sjx'cific heat of the calorimeter by .., and its weight bv IC,, its water equiva-
lent IS sMt, so that the heat lost by the- water and calorimeter is (H'u fAH',)(<i-<2)

Hence assuming no gain or loss of heal externally,

LW,+ ]\\t2 = (W^+s]Vt){ti-t,).

and therefore , _(W^+.4Vt)(t,-i..)

Procedure: Weigh carefully the empty mi-tal cnlorimet(T containing the thermometer
which IS to be used as a .stirrer. Fill the calorimeter with v.:,ter to 2 cm. from the top an.!
weigh It. Heat the water by means of a burner to about .SO" to :{2' ('. Place the ("ilorimeler
in the box and read the temiH'rature accurately.

U.sing the forceixs drop in chips ..f ice, which have be,„ well ,|,ie.l bv folding th.n. in
hltcr paper. The ice chips should b<. about the size of vouv thumb. Trv to keep a fiiilv

3'h^"^ ,']"'*"*'*•'' "f,,"'' I'"''^"^ '" h'^ ^^•^*^"'-' '"' '!" ""' •'ll-v the t.-mpentm-e t<. go below
10 L. Stir thoroughly with the thermometer until the kisi i„| of ice is melted at-d then read
tlie temjierature accurately.

Again weigh th(- calorim..ter with its contents. The irurea,s.. in w<Mghl gives the w.-ight
of the ice added. Th.- .speciHc heat of the calorim.icr mav be taken as ()<>.")

Calculate the latent heat of fusion of ice. Express your answer in calories, in joules i>nd



m
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FIRST YEAR EXPERIMENTAL PHYSICS

ToPoay

HBAT

VAPOR PRESSURE

Object of Experiment: To determine the boilinR-point of water at different pressures; and
hence to find the pressure of saturated water vapor at different temperatures.

Apparatus: The apparatus consists of a flask F, from which a tul>e leads through a con-
denser to the bottle Z*. Cold wat.>r is circulated through tlu- outer tuln; C to condense, steam
passmg over from f. Prom B a st-cond tulx; leuds by m.-uns of a three-way stopcock S to
a mercury manometer M and to an exhaust air-pump. The thermometer T gives the tem-
perature of the vapor over the water in F.

Theory: At any definite temperature, a pure liquid can exist in equilibrium with its vapor
at one and only one pressure. This is the pre.s.sure of its saturated vapor.

If the external pre,s.sure be greater than that corresponding to any temperature, the tem-
perature of the liquid may be graduaUy raised untU the pressure of its vapor is equal to the
external pressure,

when it will Ix^gin

to boil. The pres-

sure at which the

liquid boils is there-

fore the prr;vsure of

its saturated vapor
at that tempera-
ture, and the deter-

mination of the
boiling-point of a
liquid under differ-

ent pressures is a
coni cnient metho<l

of finding the pres.sure of it.s naturat.-d v.por at d.ff.-rent tcnqx.ratur.-s. This methfKl, kn.mn as
the DynnmcalMHhod, is n.or.- .i...n.ntc than liic Stot,cnl M,th,«i, i„ which th,- li(,ui.l is intrcnlucedmto the top of a barometer ImIm- an,! the dcpn-ssion of th,- mercury colun.n noted at known tem-
peratures. This IS esix-cially so in the ca.se of traces of very volatile impurities in the liquid.

Procedure: Head the barometric pn-ssurc //. If at any tin... the difference of level of the
tne two amis of the manometer is h. then the i.rcssure in F i.s (H-h)

4 iU ^V,'^ ""^^'''V
'^" '"""•'••'•'' «'•' ""• »*'•• "f <»'<' room. Start the water fhrning slowly

I hrough ( and light th.- g;i. under F. After bo,|,„g ...mmences re,lnce the flame -o that tlictube lea.ling from F to the .on.ienser is nowhere ,•„.,,,/,„/,, (iije.l with . on.lensed ..team

(-ar,fi^ll> read T to one-tenth of a .ieg.v. alter makmg ..ure that it has Iwcome eon.stant
Next start the water Mowing Ihrou^rh the pump, an.l turn N m. a.s to .xhaust the apparatus

until the manometer in.h.ate.. a dcrcxs,.! pressure of ;< or 1 c..„t.meters <.f mercury Turn
-
•; '^"'^ to close the apparatus both fr.im tlu- pump and from the out.^ide air. .\fler .s. eing tluit

J
he Hari... h mirticently re.lu.ed an.l the temiH-rature an.l pr.-ssure are remaining n.arly M.-ady

V fake Ihree or f..ur readings of each.
^

^ (-..ntinue .i..,r..asing the pres.sun> I,y steps of 3 .,r 4 e.-ntimctcrs of mercury, and lake
J
readings until the boiling-point is in the n.ighborh.KMl of 70^ ( .

' ««r^'"".u'^
""' ?"^" P'""'' •'""'• ^""'""^ ''' '•'^'ffuliy, admit a small aniotmt of air, and take

; readings thus in the revcr»«> order.
?i§l Tabulitte fillnil riivtsnifs ^k?-i

Plot a curve with tem|Hratiin's its abs. is,-*a' and pres,siir. .s as ordinates

U\) im'''f
•'*''

'|";,;''r;'f
;.'","" t«"'"'«-i'"""

f-- -^ 'I'^^'^m- ..r .,„e .cntim.-ter in pressure near

Itempl-iatures'!
'"

' '" ^''"
'''""^' "" "'"' '""''' """ ''"''' "*''"'' ""^ '''^^' "^ ^^"^
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FIRST YEAR EXPERIMENTAL PHYSICS

HBAT

LATENT HEAT OF VAPORIZATION

Object of Experiment: To determine the latent heat of vaporization of water.
Apparatus: A calorimctor consisting of a eoDoer beakpr in a K«v « ^a

radiafon; boiler; water trap; thermometer; bairce rnd weJhL
'^"'^ "™" ^"' '"

c.lo:S'::ju.rer^.t;rertt;^Z7t lil/'S:
-•^^^--/^'^efined a« the number of

a specific pressure.
^ ^"^ '"^""^ *° '^ ^'^P"'" ^* t^e same temperature under

i. Jn7.!Z m r:;l;:j„:;^7i;:;. '"^rr^
'"^^^

;: r"^'^^
'^^ -^^ »^'- -* ^ temperature

of the nuxture Ik. ^/ The l^lt S . latTv T' f
''^' '^ ^* '''^ "'^'^'''^ temperature

will be L\V., when."/, i the kten h^af If
^ ',

"""
i"

^^"densing at a temperature t.

to the final 'temp...J;;: L wm"! rt lolXTJt'Vt Tfu..'''''
"^

.f'
'\«-'^«

amount of heat Kiv.-n out bv the steam in r,Lh I ;'"\ ""•<'• "'2) calones, so that the total

Hence

and therefore L =
W,

— U.-h).

into the wat.-r.
*^' ^""P'''-^'""-' accurately just before stea.n is passed

Having allowed sL-am to p.iss fre(>iv thr«.uirh fh.. fnhin„ t^, u .
Mean, tuln. into (he wat.-r nearly t,. t\u U u T i,r r n

"^^'^ * '"'""*''• '"^-'rt the
. temperature of al«mt 30^ N ^2'

( ,s I,^
St, contmual y w.th the thermon.eter until

r-ratur,.. Again weigh ,he .-alorime.er wi I i..,;'
s The i^

""' ""'^ '''
J''^*'^'^*

^™'-
weight of the st..an. a.|,|,.d. Tho tenuM-rit e ft.

""' '"iTeas.. m weight gives (,.c

^=iOO+.87(ff-7(i) wlH.re « l the I 'rom i. „
''"'"^'^y ^'<•. obtained from the formula

may Im" taken ,is Am.
I'-irom, (ne pressure. The specific heat of the calorimeter

Calculate the lateut huat of valorization of water.
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FIRST YEAR EXPERIMENTAL PHYSICS

HBAT

HYGROMETRY

Object of Experiment: To detennine the dew-point and the humidity of the air by means
of a hygrometer.

Apparatus: A standard wet- and dry-bulb hygrometer.

Theory: If an inclosed spate is partly filled with wati'r, .some of the water will evaporate
and fill the space above. This will continue until a definite amount of water vapor, depend-
ing on the temperature, is present. The space i.s then said to be saturated. If the temperature
is raised, the space becomes unsaturated and more wat.T will evaporate until it Incomes
saturated. If, however, the temperature is lowered, some of the water vapor will be con-
densed but the space still remain.s saturated. Hence at any temperature there is a maxinmm
amount of water vapcir which a given space can contain.

Now water vapor Ix'haves like a ^tas and consequently exerts a j)ressure which conforms
to the relations . pres-sed by the ordinary gus laws. It follows that the water vapor pres.sure
in a given space >uries as the amount pre.-icrit and hence at anv temperature there is a maximum
water vapor prcufurv or vajior tension ;is it is sometimes called.

All the above facts are still true even if the space also contains any gas or gases which
do not act chemically on water vapor. This is the case in the earth's atmosphere where a
certain amount of water v.ijjor is niixcd with the air. The varying amount of water vapor
in the air is clos«'ly as.soci;ited with the weather, and also affects the dr>-ing power of the air.
The healthfulne.ss of iiir also dep; ii.N <j;ieatly on the amount of water vapor in it.

When sjiturated air is cooled, ioiidens.it ion occurs in the forn) of dew, fog, mist, hoar
frost, rain, snow or hail. The tiMiipei-.tlinc at which condeiiKition occurs is called the dnc-poh.t.
The ratio, expres,scd as a jHTcentasjce, of tli" amount of water vapor present under given con-
ditions t() the aminmt necessary to cause s.ituiation is called the rc/o/)ir humidity. This ratio
IS al.sj) given by the vapor prc><suri>s com-spt.iiding to tlicst- amounts. The mass of water
vapor in imit volume is c.illcd the .7^-o/,(^ humidity. It is the object of hygronietrj- to deter-
mine the aqueous state of the air by d'trrmiiiing the three -piantities defined above.

The most satisfactory inslnmieiit for the |)uri)os«' is Mason's hygrometer, which is usually
known as the wet- and dry-bul!) hygrometer. It consists of two similar thermometers mounted
side by side, the bulb of one iM-ing covered with muslin which is connected to a dish of dis-
tilled water by an absorlM-nt wick. The w.iter wbjeli re-i-hes the muslin evaporates and in .so

doing cools the bulb of the thermonieter. The bulb of the other thermometer is kept drj' and
It indicates the tem|>eratiire of the air. It is evid.iit that the amount of evaporation and
the amount ()f the con.se'iuenl crxiliiiL; of the wet-bull) Iheriiionieter will deptnid in some
inverse manner tm water va|)or already present in the air.

The following empirical formula shows the relation between the actual wat<T vajKjr
pressure, /) cm., at the air lemi>eiatuie t' ('., aiul the saturated water vapor pies.sure, /\ cm
at the wet-bull) lem|)eratuie <„" C.

I) = l\ - 0.-).'(7-/„) (I)

If /' is the saturated water va|M)r pressure at t", the relative humidity is equal to

100 p
I'

The dew-f)oint may al.so Ix- defined
vapor pressure is etjual to p.

lo tmd the niiiss of water \a|ior |)er c(

form ot Cluu-lcs' law;

(H-r cent (2)

us that tem|)erature at which the sjiturated water

i.e., its density p, u.-<e is made of the following

pT poTo

(oveb)

vKs e.y ""«ki. /:' lEiTW^Mmrw^r^m^M*^^'^'



Solving for p and substituting for the other factors, the absolute humidity is given by

.000804XpX273 _.0^89p
"" 76X (273+0 273+i'

(3)

Procedure: See that there i. water in the receptacle and that the muslin is moist, but do

* u M^ >,» m.islin or the wick Be sure that the other thermometer is dry.

°
f1 he airacr tie «> that a steady current of air removes

and find p and the relative humidity.

meter. Calculate the amount ot water vapor m a room 14 by 8 by 6 meters uooer lue

above conditions.

/i^' W^MT^^UMW^



FIRST YEAR EXPERIMENTAL PHYSICS

Fio. 1.

HBAT

MECHANICAL EQUIVALENT OF HEAT

Object of Experiment: To determine the mechanical etinivalent of heat.

Apparatus: (Vace's apparatus as shown in Fig. 1; an accurate thermometer; 'hand wheel
or motor; balance.

Theory: Grace's apparatus consists essentially of a hollow cylindrical brass box C, over
which is pass<>d a non-conducting ril)bc)n R. One end of this rib-
bon is attached to a spiral spiinR .S", wliile from the other end is

suspended the weislit H'. This weight must 1)0 of such a mass
that it will Ik> rais(><l from the luuse of the apparatus when the
box C is rotated by means of the; pulley /' in the direction indi-
cated by the arrow. ,Vt A is shown a side tul)e which permits
the insertion of a tlicriuoinetcr at the iK-ginning and the end of
the exi)eriment for finding the tdiiiH-raturc of the water contained
in r. At li is placed a small N'.H'der counter from which the
num'"r of revolutions of (' during the experiment can easily be
obtaiiic.!.

Work is done against the friction fx^twcen R and C, and as
is always tl,c .lix' an equivalent (|uantity of hetit is produced.
As R is practicuMy a non-conductor of heat, and as T is attached
to the spindle i>y means of non-conductors, i.e., boxwood and
ebonite, almost the cntir(> quantity of heat generated gws to heat
the bra.ss calorimeter (' and the water contained therein.

Denoting the weight of the water by H'„ and that of C by Wt, the number of calories
of heat to raise them 1° C. will l)e

Wv+.095ir,,

where .095 is th<- specific heat of the brass and Xm \\\ is the water equivalent of the calo-
rimeter. If /, denotes th.> initi.il t.'miKrature and h the final temperature, then the number
of calories of heat developed will l>e

(ir„ + .09.'5ir»)(6-/i).

The mimbcr of ergs of work done can lie found as follows: Let W denote the number
of grams sus,H.n<l..d fn.ni /,'. an.l w the nunilxr of grams of force exerted on the oppo.site end
of A" t>y .S, then the irsull.inl for N.rte,! by R will be (H'-ir) grams, or {W-w)g dyne^
where

;/ deimtes the force with uhich gravity acts on a mass of (me gram. Ix-t n be the
niiinlMT of revolution, of C and ,/ be Ih.' diam.ter of C in centimeters. Then the total distance
through which Ih,. lor.... (ir^,r),, .lyn.s a.ls will l,e und ..entmu^ters. Therefore, since' by
ilehintion,„n.. dyn.. acting through on.- ....ntiniet.T d.K'S om; erg of work, the total work done
against friction will Im'

(ir— tr)iiiiird ergs.

Now if J is taken a.- the numlMr of .rgs whi.h an- .-((uivaL-nt to one caloric, we can write

(.\yu + M-,\\\)(l,-(i)J = (W -wjgriTrd,

'(W',+.0y5H-,)t7a-^,")-

Procedure: H.-move the ..dorimeter C from the spindle, s<>e th.at it contains about 100

2Zi rti
'""'

"""I'
'"

'"T"""' f " """"' ."""'"^ ••••"'••* '^"' ^'^^^ "^"d calorimeteraiKmt 8 C. below room tcmix-ratiu-c replace V on the spindle and clamp it in position.

(OTV)

;inn tri<T«'foi'e
./ = .

:-w:t*'W^^M^W. w>
Sfc;lf'^^.

^-
'^e-fl*'.j *-ii



Now observe the temperature of the water in C. In order to be able to •n«ert the^
mometer into A without lo^ of water, turn C until the tube A xs nearly hon«,ntal and above

r^ wSr Then replace the stopper in A. The time at which the temperature .8 read should

^lt;rit read the counter, place R and W in p<.ition, and rotate CM jugular

intervX during the time that work is being done agau.st the fnctional ^orce^^^Joll
tl

SoVof the upper end of the .pring S should be carefully read and recorded at least t*n

rKn tiL. Tssunnng that approximately ^75 revolutions are reqmred to ra.se the tem-

^rature 1° C, calculate what the final reading of the counter slumld be m "--d^; ^^^^ f
e toal

temperature mav be about as much above that of the roon) as the m.t.al t^^iP^'-^ture .s below^

me^Thl numlH^r is reached, note the temperature, the t.me, and the final readmg of the

"''""usinK a small spring balance, or a 8«.1» pan suspended by a thread passing over a pulley

find thTLce "tufn-d to pull the end of .> up to its average pos.t.on durmg the tune that C

^"
Frrtrr'r:a!;;*nt"whioh should b.^ repeated if t.me permits, calculate J.

The values of d and of »', are marked on the apparatus.

tiw^^P^^^^FF^^^ ^si^sLt^z%-^m^^ti'



FIRST YEAR EXPERIMENTAL PHYSICS

1 MAGNETISM

BIAGNETIC FIELDS OF PERMANENT MAGNETS

Object of Experiment: To study the distribution of the magnetic lines of force around
magnets and groups of magnets by means of iron filings.

Apparatus: Two bar magnets; a horsoshoe magnet and koofjer; a disk of soft iron; iron
filings; sifter; a board with grooves to hold the magnets; sheet of paper.

Theory: The spaoe in the neighborhotjd of a permanent magnet is characterized by this
property, that it acts with a mechanic.il force on a magnetic pole when placed in it. The
old idea of action at a distam-e has hn-n <!i.sciirdod and the spjice is consideriM] an being altered
m some way not as yet cksarly understood. That it must be to some extent a pro|.erty of
the ether is at once evident as nia^nctic efi, uts are aM.' lo penetrate vacua. This region
about a magnet is culivd a rtuign^iic

fi. Id. The din!ctio;i <jf a magnetic field is taken by con-
vention to be that in which a north-seeking pole is urstd. 'J'he atren^th or tntvn.slty of the field
at a given point is defined as the force in dynes whi.^fa would \x exerted on a unit north pole
placed at that point. A field of unit intensity is tli.Tefo- on.- which would e.xert a force of
one dyne on a unit pole placed in it. .Such a unit field is sai<l to contain one tulje of force
per sq. cm. of surface taken ;'.t ri;?!it an^li's to the direction of the field. The number of
tubes is always chos«'n so that the pr(Hluct of the area of cross-section of each tube and the
field-intensity is equal to unity.

Lines of force, -m defined (luantitatively, are obtained by replacing each tulx; by a line
passing along its ;i.xis. A uiiifoini field is of course repr<>«<-nted by ijarallel straight lines.

A magnetic line of force is always a continuous closed curve. Thus, in the case of an
isolated bar magnet, by convention, each Hne of force leaves the magnet from the north pole,
passes around to the south pole and then through the material of the magnet back to the
north pole.

Substances difTer greatly in rKTmcahility, which is the ea.se with which, as compared with
a vacuum, they allow the passage of PKignetic lines. Tho.se sui)stances like iron and nickel,
which possess a pcrmoahility greater than that of a vacuum, are said to Ijc imramagnetic. For
some, the permeability is slightly less than that of a vacuum and these arc said to be dia-
magnetic.

WTien an iron filing is placed on a sheet of paper in the field of a permanent magnet,
the lines of force crowd into it a;id it Imtoiiks :i m.^net hv induction. On tapping the paper
to reduce friction, the filing accordingly sets il>elf with its longer axis parallel to the direction
of the magnetic field.

Magnetic lines (^f force act .-is thouj'h poss'-ssing a rc.il plivsicd existence in the eth(>r and
tend (1) to contract loiiiiifiidinally and (2) to reix! one anotlier laterallv. Many of the
Fiheiiomena of tli(> internet ion of iii.igintic poles cm i xpbin.-d on these two simpli-" hypoth-
eses. Thus the fonv of attniction e\-rt..d l.i twccn two unlike p,.l,.s is explain,>d i)y the first.
-According to the second hyi-othesis the lines from an isolated north pole shmikl radiate in all
directions and the pol<- should be in ( (|uililiriuin, ;is is the case. Now .suppose a second north
pole IS brought up. The syin!netri( .d errangenieiit of the lines about both poles is destroyed
and the tension : long them t.-nds to pull the ]w\vs .away from e.ich other. Thus they appear
to re|M'l each other ami for convenience :ire usu;dly spoken of as actuallv repelling each other.

Tl"- imiMirtance of a detailed knov.ledgr- of the fields about magnets is at once evident
when It is renicmlK'ted that the efficient oin-ration of electrical machinery- requires that the
niagncts of dynamos In? designed to give strong mascnetic fields where needed.

Procedure: Place the magnet or magnets in the grooves as near the center of the board
as pofwible, cover with ii sheet of paper, and sift iron filings evenly over the paper.

Obtain a repn-e-itution of the field in each of the following cases and explain the points
noted in each case uad any others that occur to you as being of interest. Tap the paper

(ovea)

^f4His»ik^'>/':^::v^/fi¥-%'<:d2'^^,^!:7^4r^



gently and draw neat diagrams of what you see. Indicate the stronger parts of the field

which can be done more readily if the paper is not tapped too much. Make your diagrams

as true to nature as possible.

(1) Single bar magnet; explain the collecting of the filings around the poles.

(2) Horseshoe magnet; explain the concentration and straightness of the lines between

the poles and the fact that the stronger part of the field appears to extend to a greater distance

from the poles in one direction than in the other.

(3) Two parallel bar magnets with like poles together; explain the formation of neutral

points and the nature of the field as to whether it is strong or weak.

(4) Same as in (3) but with unlike poles together; explain as in (3).

(5) Both magnets in the same groove with like poles about two centimeters apart; explain.

(6) Same as in (5) but with unlike poles; explain.

(7) Bar magnet with disk of soft iron in its field; explain the effect of the soft iron ot

the distribution of the lines of force.

(8) Horseshoe magnet with keeper about 2 cm. from poles; explain as in (7).

(9) The end of a bar magnet held vertically; explain the radially uniform distribution

of the lines of force.

While doing the various parts of the experiment, try to form a clear mental picture of

the configuration of the lines of force in the three-dimensional space about the magnets, from

the two-dimensional Hi^tgrttms of these horizontal sections.

I'-^m^k.



FIRST YEAR EXPERIMENTAL PHYSICS

MAGNETISM

THE DEFLECTION MAGNETOMETER

neJet.-*
"' ^'P^^*"*= ''^ ^^^"^^^ '^ ™o»"t of a magnet with the deflection mag-

Apptntus; Magnet; magnetometer,

excrtrf*^?!. I!,'!; ""r''f
"' •"'»«"''•'' "'I'f " «ny P»inl i. defined a. the torec in dynes

toree due to the mn^et, tendinis to «,»» the needle to point lUon.X ^S hTT^

if //'^n.T'*-'"'''/';'
'""''''' -'"'"'^ "" **'*^ "**'^'«' the niwnont A/ of the maim.t can be foundIf //, the bomoutal compoacat of the earth', field, ie kiK)wn. The com^a^^Jle^^d

-Rm'

L",tir" 177":'::',,:.';'' "- •"""""• "^ ""• "«-• "»• *• '— - ""»' He

.h':vi'"^;t„";t;r:^;;;i;,;H;:::;Us:
""""'• "-' " "-» '™"" »"""'"»' ''

2//w7',sin e=2l{rn'l' ens 0, or /e = // tan 9.

/^ the force on unit north poU- placed at P is made up of two parts;

that due to -m is (^^-^j, and that due to -* w is
"'

,,

^vhcro rf is the distMmr to tl>.. n.uidlc of the magnet and / is half its magnetic IcnKth Themagnetic length of the n.agnet is J of the total len„h and is the distance iLtweenis poTes

From the above, — 4dbn

{d-ir^(,d+iy~(cP-py (1)

(OTXB)



The minus sign indicates that the dirertion of the resultant force is towards the magnet.

The pole strength multiphed by the magnetic length of a magnet is called it« magnetic moment

and is generally written M. Hence M = 2ml. Omitting the minus sign,

2Md ., , .

Therefore, A/ =
H(d^-py- tan 6 H\{d-irl)(d-l)\^ tan

2d 'id
(2)

d, I and can be measured and H is given. Hence M can Ix determined.

A suitable magnet onictcr for this exiwrimcnt consists of ii short magnetic needle provided

with long pointers and mounted over a mirror surrounded by a circular scale graduated in

degrees, whose center Ues at the zero of two scales graduated in millimeters in opposite directions.

Procedure: Adjust the magnetometer so that its linear scales arc at right angles to the

magnetic meridian.

Place the magnet whose moment is to Ix- determiniHl along one of the linear scales with

the distance of its middle i)oiiit from 20 to 5() cm. fn)ni the needle. When possible, adjust

it so that the angular deflection of th(> needle will U' In-tween :«)" and 60°, because the^ tangent

of an angle near 45° varies less rapidly with the angle than when the angle is near 0° or 90°,

and hence smaller errors will l>e intr(Kluced in the results. This also app'ies, of course, to the

use of needle galvanometers of the sine or the tangent typ«'.

Read the position of both ends of the needle, making u.se of the mirror l)eneath to eliminate

errors due to paralla.x. Carefully estimate tenths of degrees.

Now turn the magnet end for end and again read the deflection. Repeat with the magnet

on the other side of the niM'dlo and at the same distance away.

In taking these eight readings, it is always Ix-st to read the circular scale opposite two

definite edges of this n(>edle, as e.g., the right-hand edge of the needle at the end toward you

and the left-han.l edge at the further end, as this can be done more accurately than the position

of the middle of the end of the needle can b<> estiniate<l.

The main (»bject of taking the eight readings is to eliminate errors due to the needle not

being straight, the pivot being out of center, and the magnet being unsymmetrically magnetized.

Another advantage is that taking the mean of even eight readings, tends to eliminate accidental

errors which are likely to Ih> serious in the case where a single reading is taken.

Take 21 as % of the k-ngth of the bar magnet, and obtain H from the magnetic chart of

the laboratory. Substitute thes*- values together with the mean angular ilcflection in (2) and

calculate M.
Repeat using a different value ff)r d and take the mean of the two results as the final

value of M.
In your report note the number of the station at which your work is done as well as that

of the magnet used.

s
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FIRST YEAR EXPERIMENTAL PHYSICS

BLBCTRfCrrY

THE ELECTROSCOPE

tu„ pfecc of ,ilk; ,„otal hall s„.p..„d,.,l l,y a "ilk tCrj " '"'''"'"'• """* »'

Electricity itsolf is probal.ly of ,nw kind, which is n.-Rutivc In its ult.n,.f.. fnm. > •

supposed to cons.st of cxcvcdiiidv si,..,ii ,„.,^..f,\. i u i . ,•
"'tiiiiatc form it la

.nutually n,K-l ca..h oth.-r. v '^^.; ^l,^'^ iS;,,;^^' 'f'^"'^
?"''''

l''""^?-
These

.'lectrons, when it is u.uhamod If fh.To it ..^,
' -^

'""*' """'''•''" "^ "^''''* ^^^^^

a niunbcr loss than th. ™1 t t "c^,;^,^ j^^^^
'"-«:^t'-'>- 'W<l. and if

an accumulatior. of c^I.-ctrons on the ohonit m ..

«"•'""« oLonito with fur means
"charges" should th..„ iKequai

""'' ^ consc-quent sul.traction from th. fur. The

they^r ;:;:'rr„;o:;rrXf;i':i;;c!;;ir'i?'rf • ^r^ r-v-r ^''- ^-- '^ ^^^'^^
an uncharged conductor, the f^. t..;;;: t it

" .^Xt tK ""1 '^

T^'* "T<».! nearer the nnl is pasitivc-lv charL'cd If .. ,^Jf , 'V V
. ,

'''"'' "^"^ *'^'"^''-' ^^e

la(od uncharged <-lect rlJ.^
' he 7 ,'

^loe n, .'T h^^^^

'^^'
T

''"'"*~?^ "*^"^ ^" '"«"
if the conductor would slwe its ,-le,. rcn wi h the If ,.7 Tk '"'''''/•" *''" '"'*•" ''"^' ^^

electrons which apfx-ar at one e .d n ,ch a ai v 1 'd:i::;H k" ^I"^-

'^^'^ ""'"'^'^ "^

negative electrification, and the nearness'r./'th^ro ^ondu:!:,:;'
"" *'^ ''''''^ ^^ ^'^'^ ^

the ^^^r^olcJTS Jr;tt..h ih;^V":,ri^;:.x!;'rr '^ ^-r r^^

drawn until it is again norn.nl If no L i' nV \ u"'"
"'"''' «''•'•<'•''•'»>' ho^s Invn

removed, there will le irex e.'^ ,V .., " '^ '''•? '".'^" '""'"^"'^' ••''^^''^•'' '"•^'v are

... pas^d m from th;e:Hi:^'i^i:l':;s r^^Sg" v zZrtrju''' *- ^'''* •^^"'-'^

V.!! show that the induced charge is equal to the inducing cCo-
""" '"P^"""'"*-^

Procedure: Huh the choniic ro<l with the fur. RriiiL' it n.-ir tl„. ,.l,.,.f,-. i .

rosuh. Kxpl..n l.y a diagnun showing the lo-ation Zl i^ ,h ! ! ^^I^' 7^'7'"
^^l"-"f the elect nxscofK- with the rod and explain the r.-sult l.v t diL-Infv' ,

'''''*''

;,rii
'""'""'

^'
""" "» '"•"' '" ' "- «-'M.™;:;:r:''«,,,';;:X'^*dSs

*. 5Z4'^;;?™;;!'«:^;:' "L;;;;;:.;r^: :ra,„r;iri,- rv'r *" '
'•harged pos.tivclv hv induction I\„iun wh-.t f,.,n,.,„. , "'••'•troscopc is

near the .har.--! ..^;...-..il -i !

"!'•'• »MPI«'ns l.y approp.r.afc .jwigrarns. Now brina

* •
' "•

incniased: "B;ing^;;c=:;^^i.;iSi'' '.":.-' "^
of the leaves to collapse.

'omte nxl again and explain the tende

Place the tin c

mcy

a wire, taking care that the wire d

•an on the paraffin Iiloek and connect it to the uncharged
Iocs not touch any other object. See that the

electroscope

ebonite

(over)

by

disk



and the fur-lined wooden disk are uncharged by lowering them sucoewively into the can.

Place them both in the can and rub the ebonite against the fur. No effect should be produced

on the leaves by this action. Remove the fur and observe the deflection. Place the fur back

and remove the elwnite. Notice that the deflection is the same. What does this show?

Disconnect the metal can and charge the electroscope positively. Rub the ebonite disk

of the electrophorus with the fur and place the metal disk upon it. Touch the metal with the

finger and aft«r withdrawing the hand remove the disk by the insulating handle. Bring the

knuckle of the hand near the metal. It will be found to be highly charged. Charge again in

the same way. Bring the brass ball in contact with the metal disk, holding the ball by the

silk thread. The ball will acquire the same charge as that on the disk. Test the charge with

the electroscope. It is positive. Explain the action of the electrophorus by diagrams.

Discharge the oloctroscopc and connect it to the can. Charge the ball with the electro-

phorus and lower it well down into the can, taking care that it does not touch the sides or

bottom. Observe the deflection. Move the ball alwut inside. What effect is pnKluced on

the gold leaf? Withdraw the hall and the leaf collapses. Explain. Again introduce the rharged

ball and allow it to touch the lK>tt«m of the can. Watch the leaf closely at the instant of

contact. No rhaiigc in the divergence is producwl. With diagrams show the Iwation of the

charges jtist In-fore and after the ball has touched. Remove the ball and keeping it carefully

insulated, discharge the electroscope and disconnect the can. Bring the ball in contact with

the plate of the electroscop*'. It will Iw found to be uncliarged. This shows that the induced

charge equals the inducing charge, the positive charge on the ball being just neutraUied by

the induced negative charge on the inside of the can.

wm
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FIRST YEAR EXPERIMENTAL PHYSICS

ELECTRICITY

MAGNETIC FIELDS OF CURRENTS

rinnl ? !' '" •'''"'•'"* *'"'* *'''' •»««"'•'« linos of f„rce in a planrnornendicuW toa long straight '•.,„.l„,.t,>r ,nu.st hav,- the form of con.-entri. rirok^ who« certcThei^n tJ^conductor. Tk dxrect.on in which a needle would rotate when broS n^\ZZZ

Fiij. I

rarryinK a current i^o.. thi .i.rcrtion of th.- niagnetic field, ean In- determined by aoDlvin, thrrs- 1::pzcTri^L'vr^SLiri:-' -^- - -
;;..,

:^:::; p;;r'';rr:n::t .:;:;• .!;r::r;
-.rz;r-r :Si-of onv e„t,.r one fa.-o of the h,««v m..|,«.| ,,v .he eo.l, a.ul leave hv the . Lr onmie Ztl«-ir imth around the outside of the .oil H.-n.-e fh.- two fu.sw ,.f »l ,.

«^)"'pletmK

When the ma»tne(i.' fi. Id of :, v.ili.al .ondu.t^.r .arrvinu a ,n,rent is ««™.r,v.-™iH.nlonn nm^netie field m..I, ,^ ,|... h.-n/untal .•o„„K,nen. oMlt Vrl" L|'
"//f^^**^ «" *

u. sW, ,. ,H^.I.|,. Heeoun.s for .h. hanieal foree aH.,.« on H.e eondu,.,:.
'*'^

I he dir<-.'tion of this
; ,r.v in cvid.i.l from the (iKur.- an<l in ak. niven l.v PI„min„'. i^*

•'«n,l or ,„o(or rul,- whirl, ,na.v U- Ma.e.i a. follow.:
'

'^''^'""'«» '«'»

If the Ciuiiih, fir^-t and wrorid (iiiK,.|> ,,f die left liaml are h..|.| .t ,;.,!,. . i .
-otlH-r and if the Firs, ,.,.., ,v„re..nt. ,1. d.n-et.on 'Th,.

.J^ ..I'V If
'

^^i"J^ ^?^h mer that of ,1... C.m.nt, the din..tio„ of ,h.. n hani.al for,. Z the e. I .;; i^
^^"^

ui."::rp"V'';;n:rM r ''"" '• ""' " •""' "• ^'""' ''" ''''''' """^''- ^^-^^ "^oni;

n n^Hiii Mon^.ver, the forie on a unit immiietie r«.le. i.e., the intensity of the maan»»i„hold, no»r a eonductur carrying a cummt can be calculated.
">aKnetio
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In the case of an infinitc-ly long straight conductor, it can be shown that the intensity at

any point P outside the conductor is given by

F,-
2t

(1)

where i is the value of the current in electromagnetic units, and r is the perpendicular dis-

tance of P in centimeters from the axis of the conductor.

In the case of a flat coil of wire, the intensity at any point P on the axis is given by

F,=
2mia?

(o*+rf')''"'
(2)

where n is the number of turns of wire, a \» the mean radius of the coil, d is the distance of

P from the center, and i w defined as before.

Procedure: Before connecting any apparatus to the D.C. circuit be sure that the switch

is »{»n (i.e., turned off).

Connc-ct the lamp rh(H)stat in series with the conductor to l)e examine<i. Draw a neat

diagram of the horizontal section of the magnetic field about the (•«mduct«r in each of the

following ca.se.s. Indicate the direction of a current flowing upward by the jKiint of an am>w
within a rircle thus O, and of a downward current by the tail of an arrow thus ©. Write

a brief discussion ex{)laining the main features exhibited by each case.

(1) Place a pieee of paper on the stand supporting the vertical wire and turn on the

lamps. Using the compass needle, map the magnetic field around the win' and intimate the

position of the neutral point. From an inspection of the resulting field, indicat«> the direction

in which the wire is urged. Verify this by applying Fleming's rule.

Making use of (x]uation (1), and of //, the horizontal component of the earth's field,

calculate the value of the current in electromagnetic imits and also in amperes.

(2) Obtain a representation, by means of iron filings, of the field about a single coil of

wire. Phice the needle at the center and determine the direction of the current.

Now turn the stand until the pUuie of the coil is at right angles to the meridian and its

field opposes that of the earth. Using a meter stick find the two neutral points on its axis

with the compass nci-dle and measure their distances from the center.

Using equation (2), calculate the value of the current. The value of n is given on the

stand.

(3) Include the other coil in series in the circuit. Observe the distribution of the filings,

and explain the formation of any neutral points. Determine the direction oi the current in

each coil, and indicatt; the character of the force between them.

(4) Reverse the current in one coil only and repeat as in (3).

(5) Connect in the helix. Sprinkle on iron fiUngs and tap gently. Obtain the direction

of the field with the compass. Mark the direction of the current and the polarity of the

helix in a sectional diagram.

"f^^ (?J
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FIRST YEAR EXPERIMENTAL PHYSICS

t
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ELECTRICITY

MEASUREMENT OF CURRENT

to fi^^.S^:i;hTL;r:rit^n,=;!„^^ '^"-^ ^"-»^~ •-- -^

inn^^;..^TZ::ArDTT:,^ lY-'l'-rx-r carbon lampn and two 25-watt

. caro-u^g a .urr.nt of , .1:^:^^^^::^^ Z^ 1:1
^ ''"'^'^^ -' ^^ " ^-- «^ r"^-

2rni

a e.^;r:j crrr^r ;^irn.i: ^s.^ :!^^;r-"^
-'"••^' «-- ^^-^

center a magnet,.. Mi of un.t .nt.ns.,y. Tho'riuhu «Vw -

easily Ix- shown tb-* «iiiiitif.n 1 1 1 i^ ;.

""" " <m\

above dofinilion.
' '^

' '" ''«^"'««t ^'t!' '»'"

«^nt«J on a lar^-r m-n\. „. Fig. 1 to, ^n.-.trr .learnes.) ^ and« r..pr^.nt th. ..„on „f ,he palvuno,„..,.r .-o.! of . Lut A.d.ca^ .n ,h. fip,... tl„. ,alvano„„„.r ,„u., ». S '.J ithut the plane of ,(,. .-o,! AH „„„,,„, „,., ^.^rth, ,,~tTcmcndmn. # l«,^ ,h,. ...ulo U-tw,,,, AS and ,h.. plane ',4^

net„.^^7/!"''^ '" '" '!" '"•"'="""'' '•""""»< "t "f the earth', n.a*.

H» HKht anBl,^ u, thr ...Hirrx.f.e ,ner..i,..u, ,. .a. H,„„, ,

"undian IK ;<,>,!>/ ,,,s^
in.ivn.tK ^^^

—>.

—>•

But frf,m i]< t],.. f,,.],) (,- pr,„|,„.,„| ),^.

"i of the gulvunotiieter l^ equal to
"'"'

//

'-
•^"''

r2,

'Mt eum.nt Howint m tl, n turn, of the ...reular

il'Iiee

Since the «m/t«

//r
tan e.

c.\>

Z:J".. ';'^:''""' :'";" "^ ••""'•'"
-^ J-f'-J -^^ o„e.tenth ,.f the e!-..

Uiui

/
l(t//r

*two / ta the cum
tan 0,

lit ixjirehMtl in ajofn-n*

(4)
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Hence the current tjan be measured by noting n, reading 8, and measuring r, the vahM

of H for the given location being found from the magnetic chart of the laboratory.

Since the resistance of the galvanometer and connecting wires is very small in comparison

with that of the lamps, the resistance of the latter can be calculated from Ohm's law, Z-^'

where E is the electromotive force appUed to the lamp and is to be taken as 110 volts and R

is the required resistance in ohms.
.

The power used in a cirouit h equal to £7 and is expressed m watts. The lUummatmg

value of various kinds of lamps may be compared if the rates are known at which electncal

energy is consumed in the production of light, i.e., if the number of watts per candle-power for

each lamp is known.

Procedure: Connect the tangent galvanometer through a reversing switch .S to the

terminals D and E. The lamps to be tested are to be placed in the sockets marked L. See

that the galvanometer G is placed at one of the pomts for

which the value of the horizontal component of the earth's

field is given on the magnetic chart of the laboratory, and

adjust it 90 that the plane of its coil contains the magnetic

meridian.

Before turning on the current make sure that the connec-

tions conr^iii.^nd to those of Fig. 2. See that none of the wires

are in contjict with gas or water pipes, as this might result in a

short circuit.

In using the tangent galvanometer, choose such a number

of turns, when pos-sible, that the value of 8 will lie between 25"

ard 65°. In order to eliminate errors due to the needle being

bent and the pivot possibly out of center, always reverse the

current and read both ends of the needle and take as 9 the

mean of the four values thus read.

If only 5 turns are used, note whether the inside or outside

radius is to be used. If more than 15 turns are used, use the

mean of the inside and outside radii.

Measure the current (1) through each Lunp separately, (2) through the two tungsten

lamps in series, and (3) through the two carbon lamps in parallel.

Record all readinR?, as they are obtained, m Ubular form; and also tabulate your reeulta

for the resistance, power-consumptioa «Dd illuminating value of the lamps tested.

Fio. 2.

' <!
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FIRST YEAR EXPERIMENTAL PHYSICS

BLECTRICITY

OHM'S LAW

P.nf
?*!!"* °;.^^«™f°t= To show that ihe strouKth of the electric current flowimr in a cir-cuit .8 proportional to th.- total electromotive forco applied to the circuit.

rcsisdln^l^x- ^Z^T'^"^ ""T ''""'• '"'"^ "^ commutators mounted as shown in Fig. 1;resistance box, taiigc,;! galvanometer; reversing switch.

had Sn7exrI"rimeM^;iK''H^'i
''^^ "'"','

''"'I'"''^"^
''" •"'""'"* "^ ^^''^ investigation in which he

tT. mit •u.r'h^^^^^.^ n^

""'^'" •7'"""" ""-^'^ '"*""'" *^'*^ electromotive force applied

i , •?,•,, it ll
•-nent f,„.s,„K in it; and in th(- .'asc^ of a conductor forming a part of

^riit::^'^jrh:^vrrSh^is:;'^;:?'Lc:iLr "^ ''"^ ^-^ -^"^*^' ^^^

Fui. 1.

The name rem/a«rr ha« Ikv.i given to this ratio of the e.m.f. to the current which in

^^:^ :r:;:i:^'
"-"'^ ^ ""^' ''^^ ^^^ «-- -*--• -^ phy^irit:':;?^,;:

Ohm's law may U- vrriri.Ml l.y the us,, of the- apparatus .shown in Fig 1 where F. F Ph,, A., represent five .,„,!:. storiMre c.lls ..nn-.te,! in s..ies through \t comm ^.to^ S" S'f
.1.

r^, fs. the two ...Kis ,.| which aiv jouhhI to a constant lennth of wire // /h/ I
reversing switch N. U, a ...nu.nt galvan...,., t.r O'

^ "^ '^ "'"'• *^'""«^ "^

Sup,K,«e the e.m.f. so. .11 ,he nils .re ..xa.lly cnprni. .hen it follows th.it, if K, is reversedhe eff.rtive e.m.f. m .1,,. nnuit Nromes :</.; wh.re E ,.s th. e.m.f. of a single eel wh^Tiftwo ,v|ls ar^ revrs..! the efT.-.tive ,.in.t, Ikhc s K Thus we are ah.. /.. I. IV r
applijHl ,o the ..ircui, wi.hou. uppreciaMy .hanging it n'sisUn",

"""' •''' ""'•'•

By means of the tangent galvanomr.-r the current in the cin-iii« ,.„.. !>.. . i i

rt!
** '"- "'" "'- " ^- "' '"-""i^ ".»;- o7'.h::':sr;;.?:„-

/=
., tan 9= A tan 9, .

where A' is a constant for a given galvanometer in a given position
If values ..f tan flan- plotted a.- ..nlin.iles against the effective .. „. f „ a!^;^== .4^^ th-

P...MU oi.iame.i f;ui on a straight hn,. p:u.smg through the origin. OhnV's law is vi.rifi.'HlIn practice, however, A',, A;,, etc.. may not In- exactly equal, hut any errorlS mi.htthua invalidat4> the work ran U ,-l.ininat/Hl as follows- " ' '
"'^ '^"^"'^ '*""^" ""8"*

Coiuudcr the ca«.> when one ctU only is revemxi. CaU the average value of the e.m.f.'a

tovm)



of the cells Ea. Then, if readings are taken first with Ei reversed, then with E2 reversed, etc.,

the effective e.m.f. in the several cases will he expressible as follows:

5Ea—2Ei,
5E11—2E2,

5Ea-2Es.

Adding and dividing by 5, we obtain the average value which is 5Ea — 2Ea, or 3Ea.

If groups of two consecutive cells are similarly reversed, the effective e.m.f. in the several

cases will be

5Bii— 2Ei — 2ci2,

5Ea-2E2-2E3,

5Eu-2Ei-2Ei,

The average value in this case is fa-

Procedure: Connect the five cells to the commutators as in Fig. 1, with like poles in the

same direction. Connect the galvanomet(!r (I through the reversing switch S and the resist-

ance box R to A and H, having first unplugged 100 ohms in R. Keep the reversing switch S
open except when readings are l)eing taken.

With all the commutator rockers similarly placed and using the greatc-st numlx'r of turns

in the galvanometer, adju.st R until the galvanometer deflection lies lH'twe<m 65° and 70°.

Take five complete .sets of readings of the deflection. The reason for taking such a large

number of readings is that the effect of accidental errors may thus lyp largely eliminated.

One complete set of readings for a tangent galvanometer consists of the four readings obtained

from both ends of the needle with the current direct and then reversed. The mean of the

above twenty readings gives the value of B corresponding to an applied e.m.f. of 5Ea.

Without altering any of the adjustments, take a complete set of four readings, first with

El only reversed, then with Ei only reversed, etc. The mean of these twenty readings gives

the value of 8 corresponding to an applied e.m.f. of 3E«.

Finally, take five sets of n>adings with two consecutive cells reversed, successively reversing

£1, and E2 and E-.t, . . . , Ef,, and E\. The mean of these twenty readings gives the value

of corresponding to an applied e.m.f. of E«.

Show that the tangents of the three mean values of the angles are proportional to the

applied e.m.f.

Plot a curve showing the relation between tan 9 and E».

ii^^3m "^Si^wJ^m^rmmM^^miMstr^



FIRST YEAR EXPERIMENTAL PHYSICS

ELECTRICITY

THE POTENTIOMETER

^i<^^r^^siT„ SoCifrs'.; r^:..'"
"•"- •"" •^--"' «"*

e.n. Sr»dTh".:z tfi„'";;xi';rv';„'rr'' 'ir',^";-
""»' •« '« -»'

equal to IJR.
'

' '"" """' ^ to AT along the length /. of the wire is

Suppose that a standard coll of n m f P o „„i. . ^
can be short-circuited by a p uV key P f^ .„dT " '' '"? ** ^'''^ '^''*'^*'*""' ^ '^hich

y f UK Key
/ ,

are tonncctod in sencs Ijetween A and the sliding

Fio. 1,

contact K. If A' has Un-n adjusted ^

A 18 ^ • -

cally
;'^.^. . s.n^'C7:,:i :s,i:z"is ^::s ^is!rs:i;-

E. = UI{.

Suppose that A', is replaood by a .•.-11 wh.xs<- ,..n,.f. A:, is topoint IS found which is /, c..n.i„u.t.Ts from .1. Th.-n

(1)

Ijc measured and that a balance

Dividing (2) by (l), we obt
K.^UR.

am

a; -''A-

(2)

(3)

If the Clark <vll

*..w L fri%:;;;;;r,:l,,:,;:';.;:;;;:,:::'
"•" "• "' • • .™.»™u.. .• c.Mg l>()lliltl(lll,

/•;, = 1.4:M-.0012fr-15") volt>.

.mplIU^:'
^'"*"" ^'""•'*"' ••""

''^ "^"'- '»«• f"""-"« -i'""'"" for it.

(4)

c.m.f. should be

A'. = 1.0MK)-.()()(JO4(r-2()°) volt»= !.0!o ..•=.!•=

KO)

•: .^"ii;™,r"i,;;: ;t;r™- ;frics ir^,::,:i>- :;'^'-' --"Ihan an extremely small current. Inder thei
equAtioiu are accurately reproducible

,

.

,
,. - arrying more

se conditions the e.ni.f.'s exprcssed by the above

(OTM)



The Weston cell has the advantage of having a much smaller temperature coeflBcient than

the Clark cell.

Procedure: Connect the storage battery to the ends of the potentiometer wire. Connect
the dry cell through the galvanometer to the sliding contact and to one end of the potenti-

ometer wire in such a way that hke poles of the batteries are joined together.

Adjust the poHition of the sliding contact until on closing the circuit the galvanometer

shows no deflection. Note the length h of wire between the sliding contact and the end where
the batteries arc joimHl.

Replace the dry cell by the standard cell and find the length I, corresponding to its e.m.f.

The btdance point in this case is fairly dose to the previous one. Advantage is taken of this

fact to protect the standard coll from being subjected to an excessive current, which would
introduce errors. An alternative method is to introduce in series with the standard cell, a

high resistance which can l>e short-circuited when the final adjustment is to be made.
Find E, for the standard cell used from formula (4) or (5), and calculate the e.m.f. of

the dry cell from formula (3).

Using the same method find the c.m.f.'s of the Leclanch6 and the Daniell cells.

Also, neglecting (he small resistance of the wires connecting the storage battery to the

|)otentiometer, calculate the u()proximato e.m.f. of th«? storage battery. Why is it only approxi-

mate? Why need not the resistance of the galvanometer and of the wires connecting the

standard ceil be taken into account?

.,"-"v't,-;>;*f,U#;



FIRST YEAR EXPERIMENTAL PHYSICS

BLBCTRrCITY

THE WHEATSTONE BRIDGE

Apparatus : Slido-wire metpr hriH»„.
"i«".« box; two mknoZlZ,^: """' K^™""""""; "»"«. l»t..,y; „.,^t,

•-Mjry connected to the opposite comers of a Wheat-

Fio. 1.

*e ..o p.^u b. Ohm. U., .„,, .^^ ,Jthe ri^trS^^^i^'"":^
'*'"""

and F the current will split into t-vo nnrf.= a -*
resistance •

between A
part ,-a by the lower .ircuit ADF. '

The dr/.n .7^./' Tl"? ^^ ^''^ "PP^"" <=^c"it ^i?^ and athe two circuits, .ince .4 and F an- Tx.inZn '^^"V"'
f""n ^ to F must be the sai^ foJ

^tentials c^not exist at the Irpci.^rHeZT tet' *"V^"'^.^
-«^ tw^ Sj^

Bhow no deflection, «ince no c™ wj,, flow iTur''^ ^ '^""•^'^^ ^^^ween ^ and D will
I^t H divide the upper cireuit i o Jl^^T t^rre^^'

'* ^'j'^ ^« P^^''*^
In the simie way Z) divides the lower cireuiT inSTwn ^w ^^^'=^' °' *'^'=*> ^ ^ and r,

diffe.^nltt^J„V:^7r '^^ '-^^"^^^ ^*- ^ -""it will also be the potentialBy Ohm's law

and

Dividing.

£2= tira='tar4.

«.«.«, o« „.„ i. ta«„. H„„ .ta «^ .^ „^^ ^ ^^^
0)



Fig. 2 represcuts the slide-wire fonn of the bridge, and is lettered to correspond to Ilg. 1.

The shaded parts represent large brass straps whose resistances are so small that the drop
of potential across them may be neglected. Between A and F is stretched a German bilver

^WW\A- H
Fio. 2.

wire whose resistance a per unit length is uniform, rg is an unknown resistance and ri a set

of resistances which can be easily adjasted to the same ord?r of magnitude as ra.

Again suppose H and D to be the equipotcntial points. D divides the wire into two lengths

h and I2 whose resistances are ah and (rl2.

As before,
ri _al\ li

r% 0I2 I2

h and I2 can be measured, ri is known and hence r> can be calculated.

(2)

-•—wwv
FiQ. 3.

Rerittances in Series. Let Fig. 3 represent n resistances in series.

Let ei be the potential difference between A and B,
ej

and£

B and C,

N and O,

A and 0.

Then E^ei+e2+ . . . +«.. The same current / must flow through each. Let fi be the
equivalent resistance, i.e., the single resistance which will replace them all, without altering
the current. By Ohm's law,

/«= 7r,+/r2+ . . . +/r,.

Hence R= ri+r2+ +r,. (3)

Via.4.

9
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Resistances in Parallel T*t i?,„ a

^
Let £ be the drop of iftlnt a! tZi'''"! " '^^^""'^ i" parallel.

I-t >? be the «ingle reLan^^MnZ T'l ""'^T
'^^^ '^'^'^'^ "'" »^ ^^e «ai„e for alln partfl so that

^'"^^'^"^ *« 'he n resistances. The current / will divide uTto

By Ohm's law, ^ = »i+«2+ . . . +i,.

Hence
4
4 (4)

Ad ult h""^ "'' 5""*' *'*^*'*- measurements. Make sure

wire. dipL the'^coiTk"y''%^o„I;.l\"
"*""'

J^''^ ^ "* ''^»t the middle of the hriAthe galvanometer ,...rror tuJns A.? 1^'' " '"'^'''«'"' »"<! ^i" show the dirtt^L ^'^^
on depressing it only a S' h1 I

'^"
T^'^'^'""

"^ '^^ '•onhut key on th. Si "" *''''^

feet th
^^^P'"-''"- XT (he otr CO,

'' "^'"^^ ^'^^ ^^*«**°<=« «f the coHv-onnect the two in series «rH r„a tu \
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FIRST YEAR EXPERIMENTAL PHYSICS

BLBCTRICaTY

ELECTRICAL EQUIVALENT OF HEAT

110 tSTm'' ^ <'allendar and Barnes ronlinuous-flow calcrimotor; constant-level water tank;

graduated flik".on^; ^T '^""' '"
"''u''

'^"''"'' galvanometer or ammeter; 500 cc.graduated dask, coppet bjaker; p-; - ,«•( thermometers.

Theory: The Callendai and
and fairly accurate (icterminati. ; .f i:

wn in Fig. 1, is desiRnod for the rapid
lence of the nieehanifil equivalent of

Fio. I.

of a demJ A r^.;^
'^

f
*"™ '""^•'"•"'' f»H-nnometers T*. and T,, graduated to o^e-tenth

i-ingTbn, ir'jr of r^"
"^""'^ ^'^""^^^ ^^-^ ^"^'^ ^' '« '^-^^ ^>^ - ^'-^"^ -rent

the t^'l^J^Z:^. Tb.
'' ""'"" '' ""^'^"^ ''^ ^ •^""«' "^-'"^•'^' -*- *-^- *^«^ -e i.

worl/E!? mo'SLlvl^Hj^l'*/".^
''"^^''^

"T"'^'
''"•• ^ ''''^'* *'

'

'

*^ "«* ^"'"R ^"^ mechanical

trn^fK
'^ '•bt.v,.Iy to the surrou.uhnK magnetic fielH, tt.o heat generated is proportional

l^J Y TT "^ '*•: ''"'™*' ^=^> '*'" '^^i^tanee. and (4) the tin.e during which the cuJrenI

Aeeo;!!
'";,• '";'""Tf"-^'

^^"'"" '" '--^
^»'"''" "^ »« '^ •'->•» «f the circuit

/ th? r T " '""
"J"'h"'

''"^* '^ = ^-'^'' «h^'^ " i« th«^ """^ber of calories developed

llH"pRt:K "T""''} % *^r''*"""" '" ?•""• '^"•^
' '"^^ *'"- '" seconds; o? we S;wnie H^l^KtiK, where //A: is the proportionality factor. Therefore

A' =
u)

Tf we rS .

' -"^ " eloctnc.ty m coulombs, and ^ the diffe.ence of poto. .al m volta.

X^-r Ij""
^'"'^ experunentallv that 7 A .s a ccs-ant, then we have verified ..a„lo'« k"

fnr fT ''i

''"'^ ^''
'''"f'r

'"
Hu- nu.niHT <,t (a...; .re)-'-ohni-K>cond,^ or volt-coulombs necessary

ri, tri«d-^em4 ''•
"'" '* '''''"' '^^ "''^*'°" '"^^ "" ' ' "^ *^«^«^ -^^ -^ ""it.

To find the relation between mechanical energy and electrical energy we k. e only tC

(ovbr)



recall our definitions connecting the electrical with the mechanical units. Going back to the
absolute electromagnetic definitions, we find that unit difference of potential exists between two
points when it requires one erg of work to convey a unit positive charge againtt the electrical

forces from the point of lower potential to the point of higher potential; or that one erg of

work is done by the electrical forces -..hen a unit positive charge, as it moves along i wire,

passes through two points between w'-.ich there exists unit difference of potential.

Remembering that the couloml is 10~' at>8oluto unit of quantity and the volt is 10**

absolute units of potential difference, we have ic(erg8) = (OXlO-')(£xlO*)-QA'XlO'. Therefore

W{joules)«=QB. (2)

rombining (1) and (2), we obtain W^KH. But the first law of thermodynamics states

that \\' = JH, where J is the mechanical equivalent of heat energy.

Therefore K'J.

Honre the elortriral and (ho nierhanical etjuivalfiits of heat energy are equal.

The value of K, aiul hi-nci- of J, can \w drlcrnimed as follows: Suppow- that, in / seconds,

a niaRs M grani.s of wat<T flows through the calorimt'ter, and is heated from d" to ta° C".

Then H'=At{tj"-ti''), HJiicp // is taken to U- the quantity of heat developed in ( seconds.
Hence Hulwtitutiug in (1) and solving for K, we obtain

I'lit

(3)

Procedure: Connect the tangent (ralvunonieter and reversing switch in series with the lamp
rh«H)Htat and the resistance wire in the IuIk' .-1 (Fig. 1).

Before turnuiK on the ci.rnut, allow the water to irnss thrfuigh the ap()aratus, gently
overflowing from the constant-level tank /<, and n>a«l the themionieters 7*1 and Ta to one-t«>nth
of the 8inalU>st division To corn-et for iiny gradual changi- which may take place in the
temfx'ratimw, the thernioineters may Ik- read alternately, an odd numlier of readings being
taken at rtjguhir intervals, tliuM 7'i, 7";,, 1\, Tt, T,, etc.. and the means of Ti and T-t taken.
'Hie difference of tlii-se im-aim is to lie applied as a lero correction to the temperature diffeiencc
obtained during the course of the exp»'riinent.

Never turn on the current utthout water flowing through the ealorimeler at the u-ire it Itkely

to fee injured.

Now adju.s( the nir-rit to give a rise of from 6' to 10° C. in the water as it fk.ws thnnigfa
A. After the teiii|M'r!it;ires have U>c«mie steady, rt'tul the thermometers as before while col-
lecting alxMit ."iOO cc of wat«>r in a copper beaker Also note the length of time t during which
the w.tter is l>eing collected

Di'terinine the nia.«is \f of water collated by measuring it in the graduated flask provided,
taking I cc fis fHjinvHlent to 1 gni

SultstKute in (,1) jind calculate K and ./.

He|).<at the ex[H.riment for two other current strengths or positions of the constant-level
tank .111(1 find the iticjin of the thriM- values (»titained.

If the value-" ..f K land hence of 1 K) <letermine<l unih-r different ex|ierimental conditions
are found to In- ri.nstanl, then Joule's bw is verified within the Umits of experimental error.
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Object <rf Experiment: To measure thp vrv ^r u i

copper.
'"tdsiire ine KL..K of hy.lroRen and to calculate that of

do..on.,K.,.d .,y ,h.. pa.sat\ L>'l r,. :ir"'';':;
""";'•, ^"-^''^ "^ '" -'"'-". -hi/are

When a sul.s.an,,. «l„,.h forn.H u .1 .,n t In 7" "'[•
'"'.' •"'"""'' ' '"'•'-"/^'' •^•

grourw of aton.H n.\M io„s. Thi. ,r .ss' of W, ^ ^ -l'"'""
"•* ••''•^'»'"''' '^t«"i« "r

.«lve..t m pr(K)uci„K cliss.„iation .ir.^ nrol,. ,1 of TiT, l c f '" '•*' "^'•'•"''ne by the
*!" F.«r..s of th,. ,„oI....„|.. uhi.l '.n'titt, .;::':?:

"'''',
"''r--'-'

••^"-•^ction between

n.ov..n.en, ..f ,1,.. ..„,,.) j,„ , ,„ / S. +'',,S::; IT
''^"'"^^»^';'f ••'"•"nt will In- the

i: r;:;;^:i lur' ""
'''• '-'^ ""''- ™- "'^.- ,;;1l^;:-::rt

...p
': .'."'ic:,."":: ;i;: itr;;,;:;::':,;;;,;:, ";rr 1."' " »"•,-'"«'<• "-

and (>le(trotypi„K ,|,.,„.n.l ..n this fa.i
' ^^' prfHosses of electn)pUtinK

of .'^;x^'':;i/l-;;;;;vrx^:!^;r::.j^;;.Ta; i^yt''^''-'
'^ ^ ^'-^'^ -•^^p"'

f..mnnK the ,on will l«. ,|..,H^it,.,| |,v h. ,,111
'" '

h dHuu,.. amount of the substance
the ehH.tn.l>i«. Th,. n.J „, ^ran . a 3n /i'""""'

*'

""'/l
"^ Hectrieity through

couhunl. of ele.tru..,v .s ..all., L ;); ,v:l,.l;w ';;;•
J,!.':';

'^'"'-»^'*^ ^^ the p.^e of oL
If He denote the clect..>.heuucal ecjunalent of hydrogen by c, we caa writ*

» - III,.

(1)
whe. m ).. ih,. inasf. ui gmiun of livdromn lil>.rnf«t ;„ .t, , .

i.e. of // .nulcml^ of ..leetruity
'' '" ''"'^'*' "^ ' ""iP^"^ ^"^ t -H-conds.

If a taniti Mt Knlvanonielrr having a mil .if » ,.„.,.. / j

with the ga. voluuneter. then
'""" "^ "^"" »• <=™- " i«">«l in series

2m too B,

(2)

(o»i«)



where H is the horizontal component of the c&rth's magnetic field and B is the mean »r>piUr
deflection of the galvanometer needle.

Solving (1) and (2) for z», we have

2mm
'*"T0tfrttan»" ^^

To find the value of m, calculate the volume of hydrogen at N.T.P. and multiply by the
density of hydrogen at N.T.P., vis., .0000900 gram per cc.

By Charles' law we have

PV PoVo
T " To

'

where P and V denot« the pressure and volume of the given mass of hydrogen at the absolute
temperature T; and Po, Vo, To denote corresponding quantities at 0° C. By putting Po
equal to 76 cm. of mercury Vo becomes the volume at N.T.P. and we have

VPTo VPTo
(4)" 767 76(ro+t'')'

where t" is the temperature in degrees Centigrade.
The pressure P consists of the atmospheric pressure B, plus that due to the head h of

dilute acid of density 1.1, minus the prensure of saturated water vapor p in the hydrogen
tube. Hence the value of m is given by the following equation,

m-FoX 0.0000900 =
7G(273+<'')

X0.0000900 (6)

I

The quantity 13.6 is, of course, the density of mercury, and the pressure is expressed in
terms of centimeters of mercury.

Procedure: Connect the apparatus iik indicated in Fig. 1 where (i denotes the tangent
galvanometer, V th(> hydrogen voluiineter, .S i oversing switch and L a 16-candle-power lamp
joined to the 110-volt D.(". circuit. Sof> that the electrolyte

completely fills the r-tul)es of the voltainiter and that the
stopcocks at the top are profx-rly closi'd.

Read the galvatiometer deflection and reverm- the current

at least ever>- two niinuti^s, takmg the same nuniln-r of read-
ings with the current flowing in each din>ction. Allow the
current to How until from 45 to 'jO cc. of hydrogen is collectcfl,

but Im sure to op<n the circuit U-fore the hytlroger column
reaches the top of the dectrtxle or extends l)elow the graduat<>d
scale.

Note the time during which the hydrogen is lieing col-

lect^ni,

Ileatl the temperature of the electrolyte at the time tlial

the volume V is read, and find, from tables ..r from the chart

in the lalmratory, the value for the 8aturut4d water vapor
pn.'usun'.

Read the barometer.

Determine the radius of the galvaiumietcr coil If only
five liirnB are employed, noti- wheiher the outside or the
inside radius !4houId ls« used

SuUtiiutc the values of these quantities in .fjustions tf>) and (3k and calculate u.
Problem l<emeint.*rii»K tlint the charge cametl t.y any ion is proportional to its valency.

i.e., to the numl)er of hjdrogen atontu which it combines with or replacrs. caii ulate *, the
E.C E. of MpiMT Take the atomic weight of r<ipper as Wft and that of hydrogj-n as 1.008
and use the value as itctfFminMt (>»</<•

"
tk» e n V .J K...(.

-,2i---^-^ZS
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,e!?:

will be obtained with the cells in series, but that if A is leas than r then they should be in
parallel.

Procedure: Be careful to connect the positive pole of the battery to the positive pole
of the voltmeter.

(1) Coniu'ct tin- v()Uim't<<r acroas the terininjUs of the UanicU cell. The rcsisUnce of the
voltmet<>r la so larRc that very little rn.TRj' is drawn from the batter>' and the reading given
IS practically the «Mn.f. of open cin-uit according to Ohm's law. Connect the terminals of
the cell t.. a tapping key. CIos,. the circuit by depri-ssing the key. The e.m.f. will be oliserved
lo fall due t.) the fact that energy is now being consumed in the circuit in the form of heat
Heleiu*. tlie key, and the e.m.f. n>lurn.s to its former value. Measure and record the e.m.f
•t each Daniell cell on open circuit.

Connect the voltmeter to th,- Ix^clanch6 cell and measure its e.m.f. on open circuit. Short-
c.rcuit It thrnu^l, the tapping key a.s lM>fore. Ke«.p the circuit cUmed for two or three .mnut«,

Tni't oT
•;"'"« "'T of the e.m.f. Release the key so that the cell is again on open

..r.u,t. Ol^serve tha th,. e.n..f. .I..es not return to its former value. This is due to poUri-
z^Uion. Flaw the cell aside to Ik- testwl lat.T.

(2) MeH.surc the internal resistance ..f each Daniell cell separately, as they will prt)hal.lvau differ, lo do tins connect in the circuit of a cell oii(> of the resistance ooils R (I^. 3).

r^HHH

Fu) .3.

With the volfmetvr T' measure the drop of ,M,tcntial across the terminals of this resistancem,d denot.. ,t l,y .. ||„ , ,„ t K of the clI bi« been determinetl m (1).

Hy ( )hms law, I =
,/^ ^- j,. li, E and . are known. Hence determine r. Hepeat for each cell.

(3) ftr.sV Arrmujn,,,.! ,./ i
. ih for a l^rge Currrr,!. From the theoiy of the tangent galva-nometer, the curn-nt in aiii|H .vs through the galvanometer is

R »" »

. ^ H>//r tan »

Til!!")/Mr T ""l"i"'
''*''^'''*'""'

;
'!" ''"'""* "f '^" "'^' " '"' "»'"»*^ of t"™ of wire,

^. J :„ r '"";'""""'
:'

"• '•-"'" ««•'•'• At any given placv all these factors
ex,..pt a ..re .on.tHnt. Hence «,.h this .nstni.nenf currt-nts may I* .^ompamJ by mert-lycom,»innK th- taOKenf of the ft,ml,.s of .leHection which thev produn-

^^
« onner, the four Datueli ,ells in series I Fig. :i) and pUi«. in the circuit the galvanometer^ and ..„. of th. ,v.,.ta,He cnil, R The galvanometer should \^ s.^ «,> that the plaTeT^

other n",s,,uM.;.'""'
"""'""' '*"'"' '""' "•'""' ''«' ^^*«'-''""" «""''""•<' H-l«-t for the

sne,/tlmt"'".'t! ^'T
'.""' '"

""^''"'l
"'"* 'l^-""*"" '»« deflection for each rr^sistance. It will Ix-

fomlul.
' "" "'-••"•»"«»' """I' with the dHuefion arrival at from the

I'sinj? the formula for Ihi tjuiiient iralvRnomet/.r ..«!,...U*. <i . .

en*- llene.. «f«f.. .. .1 I. ,"
" K"^ »"<""< t^'r calculatc the current in amperes in eachcasr. Ilen.e st.^i e ,„ the reM.li. the rule l.y >.hich a Kiven number of ,^-\U may he connectedBO as to give a larKe current ^ connccieu

RcKleternane the e.m.f. of the Uclanchc evil and a-cord lU value with the other..
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Procedure: (1) Observe that, with no current through the galvanometer, the image of
the scale is seen approximately at the middle of the mirror.

Connect the terminals of the larger cylindrical coil to the galvanometer, so that the
terminal marked A is joined to the rif^t-hand galvanometer terminal. Thrust the N pole of
the magnet into the coil. The dcflettion of the galvanometer indicates that an e.m.f. has been
set up. No I ice aiid record whether the deflection m to right or left. Allow the magnet to
remain at rrwt and it will be observed that the mirror will return to its zero position. This
indicates that the indut»d e.m.f. exists only so long as the field inside the coil is changing.
Draw the magnet out quickly, and the deflection is in the opposite direction. Repeat with
the other pole of the magnet. Thrusting in a south pole is equivalent to drawing out a north
pole. Explain. Thrust the magnet into the coil at varying rates of speed. How does this
verify the law?

(2) Connect in series the battery B, resistance coil R and galvanometer G in such a way
that the positive jwle of the Imttery is joined to the righi-hand terminal of the galvanometer
(fig. 2). Notice and record whether the deflection is to right or left. From the observations
made in (1) determine the direction in which the current flows through the coil when

(a) the north pole of the magnet is advancing;
(6) the south pole of the magnet is advancing;
(c) the north pole of the magnet is receding;

(d) the south pole of the magnet is receding.

tablish a magnetic field within the coil which will oppose the field of
exhibits a polarity. Draw a diagram for each of the alx)ve cases

Th<- current will

the magnet. The c

r
Fti, Pio 3.

wmilar to Fig. 3, tnarki:^ (wlarity of the coil, the direction of the induced currents, and
the direction of motion t>l magnet.

(3) U'hercas the larg* oil has a large number of turns of fine wire, the smaller has a
comparatively small numlK-r of turns of heav>' wire. Cormect the smaller coil to the storage
battery. When a current is flowing through it, the coil is etjuivalent to a magnet. Observe
that it produces the iiame effects as the magnet when thnist into and withdrawn from the
larger coil. Place the small coil completely within the larger. Connect a tapping key in the
circuit. Close the circuit by depressing the key. Ol)serve the direction of the deflection of
the galvanomeUT. Kcping the circuit closi'd the mirror returns to its initial position, showing
that the field within the largu coil is no longer changing. Release the key and a deflation
will be obtained in the other direction. Upon closing the circuit a magnetic ft. Id is suddenly
established which disappt-ars agam when the circuit is broken. Plac* the in>n core inside tht
coils and repeat the alxive exp»'rirnents. The iron incnuw<<s the effect due to the fact that tin-
numljcr (jf lines of induction is incn-ased by the presence ot the core. The smaller coil aromid
the iron is called the primary anti the outer coil the seconclary.

If the (urnut throiijcli the prinutry is iiumIc and bn>ken rapidly, an alternating e.m.f.
will be S.1 lip u, the secondary If t<.«. rapiil, no cffcH't will l»e olimrved on the galvanometer
since It will not have time to h«« dcfleit. ! ippreciably in r.ne din-clion liefore the e.m.f. in tht
opposite dir.ition is iii.presHed uiH>n it Uisconmrt^ the gaKanoinctcr and t/tpping key ami
i.-}.ii».f liuiii viiii iiic iinfinn.i. til iiit«>rniptcr / The current ttmiugt) ihc pnmary is now
made and t^rukcii uuuiy tuuw* a bccood ^d u large alttrnatiug e.m.f. is indutcd in the second-



estimated, since it is known 1^7. Ttcmhl dX^L ^T?"^^*^" ^ approximately
cause a spark 1 cm. long in air SZifthl T ?^u*'^"^ ^'^ ^°'t« '« '^"i"^ to
of the spark.

^ t^unate the value of the induced e.m.f. from the length

of mifri ?ht '^ti^el.^r^^^^ induction coils may .^ch a value
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"I
""" "^ '"^"'•*'"" '^'"^'"'"'^ i" ^'^

f<.nnoet the terminals „f tL ,S^«. 'T i .' "'/Y * " •^'''»'>' in''"'''--«-«J-

Kap of the prin.ary ...il J nL hX ^^2

""^l {£T, I'^-^'^^^VJ"
'--""' -ith the spark

the i„crea.s,Hl length of -,«rk ..bta a , I-Ji.n!; r

""l'.«- -on cod u. operat.o,, and observe
the .spark an.l ..al.uUte thTLZrHl em f

' ''""^''''•' *'" '"^"''^' ^" ^^e langth of

with^.rTrio;;,::::;e; ;i;;zf':i -v^'^'-f
'"-^ ""'•• ^'"^ •'^'^f' -^ -• ^o. 3 of the nng

-.wound that thi!";.;;.: ;;rr";utt:!',;'rr-'f-r"^.*i''-tr'
^•''""'" ^^^ '-'«^

Iwng mark.-d u, each c.w Hit. nnir... tl,.. v.
.'

"^ • '' • ^ '' ".the exact numU'r of turn.s

that the rat... ..f the e n.7 of i ."
,la^ i o'tlJ'T.;"'''"'

"' '^" "''"'^ '•'"'« ""^ --"^^
of turns of wire ui the two coU..

*'""""'^ "* ^"^ ^''^^ "^ '^'*' P"'"aiy a« that of the number





FIRST YEAR EXPERIMENTAL PHYSICS

SOUND

THE SONOMETER

of a'^J^iZetr''^'^'''
""^ '''''"'''"' *»>« -'>™^- f-^uency of a tuning fork by n.ean«

excittnTf^k:'
""°'"^*^''

' ^""^"'^ ^-*' »'-'^«l -th a resonator; a nabber hammer for

suddenly f«K^ing it. the disturbance wT^ tra^t^ttoKr'tT
'\'^'^' ^* ""'^ P^'"* ^^ ^h«°

velocity of the wave being given by thf^^qS ^ ' '*""« *" " ''*^« '"^t'o"' the

. \m (1)where m «, tho mass of the string per unit length.

the fundli S, thef
"'"^'"'^ '"'^'"'' °^ '^^ «^""'^. -d n the vibration fr^uencyof

t=2/n,

and therefore,
"=27

(2)

portion n( ,1,,. „|ri,«. i, ,„,|
" "'"''"''" ''"''l^ '"' """"II lli» l.'nRth of the vibmlin"

n
' ""^ "* '^•"^"™ •' »" "-*' i" «•-".">• «.«,„. ,„ .h„ p„^ „, .^ ,,^^

..4:^rTr';:i':„';:",:™t/j';i;^^^^^^ "-• "•- -« ,«. »c«w wo„

po.„t <.a.mot U. a<Turat4.|y d..trnniMo.l in thilTu <r
"

.'l

"" '"''"'^ ^'*''"« '"'"'•d- This

th.- U.n.,o„ should »K. .nrreami so that tho len,ih of" (.rsirL""
'," '^' ''"•"•""« f^^ion

tlK- .tr...« w,il vibrau. for such a .hort time that it « iJ Tl*^
' /' " '"''''''^^ "•'"-wise

.-wpari.*>n ""^ ^"*' '^ "'" '>t^ '^"«>Ht miposwihle t<3 make the
HaviiiK iu:ju<U><i f.ir unison, measurr tho hnirih ,.f .K.. ,ii .

R.H,1 th.- sinKhmg «..ght inrludml h.^ iZf
'^"" v'l, ,atmg segment.

nu.uiau- „ fn.n, fon,>uia (2)

^ ' *' '""' ''"'^ "^'""'•" '^ ^> dynes.

mimJil t ,Si"^^^'
""' "'"'" •"^'^"^ *•'« "^ -i«ht.. Hu.kmg thn« aepamte deter-

R.-memU. thai 1 pound=.453.6 granu, and J gram = 98! dynes.



i^



FIRST YEAR EXPERIMENTAL PHYSICS

SOUND

THE RESONANCE TUBE

P««fing and if ,he natural jhtlmI of ^hmfion ^T 5'^'^'' ^'''"'' * •'•'^" "^ ^'^ves j«
«.th that of fho wavTs, tl.o I,,.,!,- will S 'Tlh k

'^'' """^''^^
the waves until it is in f„ll vil-r. „.,? r.r I " *""^ ^"•'•K>- f™'"
apk of Sesmmnc^." if t«o sin ) nn' r 1

''""'"" '^ " ^*^ P^n-
"thor and one is n.u.lo to vir" ^ ^ " I./'T"^'-

•*" f'^"" ''^'"- ««h
a.Tordancc with tho alx,vo 'in i,. rf--T'^' " '"'''' '^''^ '"

»'y a column of air. If a vi ,r ! tun , fT /"m
•"•"•^' ^'*' '•''P''"*^

»mn, and Me a,r column .^o^ 2j^^t^'^ 'l
':"''' 7'' "" ^••- «''-

mtonsity of the sound is rnu, h C^^, ,1,7"'pk' TT- """''''"^ ^^ t»>e

1^ the vi,..tu. .r ..o,u...„ .c^^^^^ ic:^:^-
-
^^^

s<.un^i\r*'iI:V'i/rn,p;:!;.n^''' ""' -.—^-ent the velocity of

<l-.-tion will U. ..nt doJn ,,
' r C"' a""'"'

/"'" '' *^' ^ " -"-
;- a cond™sati..n, this will tr..u,. ho 1,^ , .f.

•">'< ons^u.on L, reflected
iH' then. roflect..| hark as a .on,l,'„„i,. "

, ,
'

r'
"*''' '"^"^ *"'

'-'.n of the air ,.ol„„,„ coin.ul.s w ,, if TT'\ "*'""*' '^^ ^'f"^-
«ill arrive at the ..jK-n end i t n?e , i' , t

^"^^^ *'"^ ""««-^ wave
the direction VR, a't ,h. LZ ti e -fl ml . "T^'TT *"^ ""* '" '

faction which unites with that c" U th. / t '
^"'^ "^ "^-

TIH.S the vihratinK air r..l n w 11 r.- f !'. '^" .''' ^''^^'^ «wing.
..f the sound will 1. u..TZ^l 'l'

^"""^ ""^ *''« '"^"«'ty
rcinforcxl not onlv wIm-u h .mw T"'''"^

*''"^ ^^'^ f'"-k will be
l.ut also ,f ,he len;; .f' ; ;';:':';;;';^';,^" ;;:«

fi-t half-vibration^

vibration to trav-l to the cl .. ^t '
,

" t I *^^
Z'"'"

** ^"^ the

;;:'tr-'"" '-----^-?.r^^^^^

f'.ii quarl.T of a wnvc-l,.„u,|, ..f ,|,, f,,
k'

f'

"

V' "/'/""•^"««^'Vtf equ;d
IH.mt tlnv,-qiuutcrs. .-uul to the t rl .

""""" "* •'"' ^'<"'>"<i

>-"..t..s. Thedistan;... !• twL h i s,' If .'i'"/"'*'
'^ ""*-'- —

«''^'i, ,,,, ,

""' ""' """"^ '« ™'<'.v onual to one whole
(I) While the protii; moves from A' t,, /• ,i„, ,

21
Also if I .s the length OP, and . rcpres<.n,s the vh^ity of ..„„,,, . = L.

Hence 2/ I

'

"
= - or .'• = </>:

(ov««)



^^
r*v^'^'

-.
'-v' - Tt ,

^"-"'

'S' '•^^;VfV^->'-^
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tube, a correction is neceasary for I. Thia correction nearly equals the radius of the tube
So the formula becomes

t)=4(I+r)n
(1)

TTie velocity of sound increMes with temperature. It can be shown that the velocity at
C. lu given by v, = vo\/l+ai where a = .003665.

Therefore
(2)

(2) Suppose the end of the tube at Pi to be removed to P2 where OP^^^V. It is easily
seen that while a condensation is traveUng from to P2 and back to the prong has made
one and a half vibrations.

Hence

Corrected, this becomes

3 21' Al'n . „ „,—=_ or f = "2-, smce l'=Zl.

A(l'+r)n

(3) In th" same way a distance OP3 may be obtained such that r'-=5/. Then

..
4(r+r)n

(3)

(4)

Procedure: Two adjustable tubes, connected by rubber tubing at the bottom, are par-
tially filled with water. By raising either tube the water level in the other can be changed
increasing or decreasing the length of the air colunm above. Adjust so that the water leveJ
IS within a few centimeters of the top of one tube. Set the tuning fork vibrating by striking
It with the rubber hammer. Hold it horizontally over the end of the tube and gradually
increase the length of the air column by lowering the other tube. The intensity of the sound
will increase, roach a maxinmm and then gradually diminish. When the intensity is a maxi-mum there is complete resonance. Determine this point carefully and measure the length of
the air column. Make three separate determinations. Take the temperature of the room as
the temperature of the air column. Applying the necessary corrections, calculate the velocity
of sound at 0° C. from formute (1) and (2).

In the same way find the next two points of maximum intensity and calculate the velocity
at 0" C. for each from formuke (1), (3) and (4). Record aU your obeer^ tions and the mean
remit.



FIRST YEAR EXPERIMENTAL PHYSICS

LIGHT

PHOTOMETRY

i^t L = the illuniinatinK power of a source of I.Vhf ; .usecond, and /= the intensity of illumination
^

' '

'^' """""^ "^ "'''^ «^n'inod per

Then 7-=^, where A i.« the area receiving the light L.

the source. Through P ist
'

^ """" '' '''''""*
'

^''""

radius r. All the hghffrom .s nu 1
' ?,"''™'' '^ ^"''-- <>'

and the amount pa«.'ng InTach rr^dTL. ""'' ^'^ ^f^*'^'-''

Then
/ = ^ _ ''

.1 ~4tH'

propor^;;—rJX us:;:.
^^-^ ^ --" -- - ^.^t i. ..ref^re inver.1,l^t Z.. = the .llununating power of one .sour.,, of l.ght Th.-cond through unit area at a d.tance r. from ti. .our'- ^^

"'""
"''^ ^'"« '"^

4Tr/"
Let L, = the illuminating power of anoth.r .source

unit area at a di.stance r. due to thi.s ,.,„,.•=
''

two so a« to be equally illuuunated l)y both. The?''

•
The anmunt of light passing through

«"Ppo.>^e a scrfen i.. placed between the

Therfore

4irr/

'

4)rr,-''

fl)The illuminating power is thim /V...„^;

In order t^J^-a:;;^,;::'^,^,:;^^:;;^-;^' "...he snua. of the distance.

ad,u^
.„ pos.,..n, the two blocks .should app^^ar of'u.e le'Sc""'" "" ^" P^P^"^''



will be very variable. So instead of using the candle throughout the whole experiment, first

standardize a small-power electric lamp and use it for determining the candle-power of the
other lamp in the three positions.

To standardize the smaU lamp. Light the candle and allow it to bum for several minutes
until it has a steady flame 4.5 cm. high. Place the lamp which is to be standardized at a dis-

tance of two meters from the candle. The other lights in the room will, of coinse, be out.

Move the paraffin screen along the bench several times until both sides are equally illuminated.

Call the distaice from the screen to the candle r, and from the screen to the electrical light r,.

H

Fia. 2.

Measure these distances and record them. Repeat the settings twice more, and from the mean
values of r, and r, calculate Li from formula (1).

Repeat the above procedure for distances of 175 cm. and 150 cm. Take the mean of the
three results as the true candle-power.

Now replace the candle by the other electric lamp. Determine the candle-power of the
other lamp in terms of the known lamp. Adjust the unknown lamp so that its filament is

broadside on, that is when the plane of the filament is perpendicular to the photometer bench,
and determine its candle-power when distant 200 cm., 175 cm. and 150 cm. from the known
light, using the same method as in finding the candle-power of the " standard." Do the same
for the unknown lamp when its filament is edge on, and finally when its filament is end on.

Calculate the mean value of the candle-power for each position of the filament.

Record all results in tabulated form.

m^^WS^^^^^' M
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UGHT

"S'lBCnOK Airo REFRACnOU 0» UOHT

tb. SSv^K?X..''° """' "" ""^ -' ""^ "I '"'""o,, rf light, «,d W find

.^ P-per. ^^ ^^ ^^ ^„, eSrrlLn'S;1ffii:;,»SS- «^e
I- Reflection of Light

incident ™y and the noL.1 Uhe ret L«°'i"S'

^

^^^^^^^-^ by the
(2) The angle of reflection is equal to the Srofi^ddeT^ "' "'''^"''^^

point o. the mirror light from A may ^^R^^ ^^""^ ^^' '""^°^' "" ""atter from what
Suppose light from A is .^fieotJ f™„rt,; ^^jnt^ c D F F .KIf the hnes IA\ AtI) vs' nt' „^ j

PiMms t, />, A, f on the mirror.
seen fro a the 8Ucce8«ive points it h^iT .W ^"'!?"''^ *''*' dirr.tiona in which the image is
behind the m.ror. .ho P<ra.;\h

' v itrrmaie' r^L f
" '^ ^'r'* ^ -"imoTSint

Draw AB, mt^rsoc-ting the mirror at T TiZ L 2 ^"'-"'"i- r)enote thi« point by B.

FroTthi^t^?',,""*
''^^ ^^ '^ .>erpe„dic„ll?to'^"^"""""^ '* '"'^^^ »- «hown that

rrom tnis it follows goomctrirallv fli,.« »i, • ,
".

"< n,acc.»„. o.g., .he U, '•^it^ru.'jL'Se'pro tSr'^'' """i
'","«' *"«'"

Procedure- (i) v t i.

^^
perpendicular to FG

a number of pms vlrti™,!.; itllJ:^':!:^X:^LTr ""
^''l'^™'^'"«

'-''^- ^'-^
I^t their positions Ik- represent,.! by the p^S C dTp p"'"*: ^^^ ""*^^'« °' *»»« W*-

- .«^X' :ricr-Lrt\:r' "-^"-—- - ^ - -,.

R^SI



.vnH ?f''T''®-
^^\^^ °f tJi^ pin as it is reflected successively at the points C D E F

the Sa^Tin Fir'7°a'„r" ^.^^
^f^i ^?' ""^ ?^ ^"^"^^ ^^^^^ «» ^^^^^ "^t- Complete

that?he"iJ^ ist tl^V: Zl'^a.V^f f"^"°" '*/'^"''^« geometrically

io.nin« the ^ect and im^t ^l^^eXirto'The-'So^
' C Sr^h^e St^'S\£'^5

stick a pm vertically at a distance of 10 to 15 an. in front of the mirror
• a' T. ''f,

:'^'^'-^'"'K the image of the pi,, bt-hind the n,irror, adjust anXr nin so as tocomc.de with thm nnage. In order to t.st the coincidence move tKyc back i f^rth It

fe n?i"ti" '
^'"•;,'""" "^ '^' '"" ^""'"'^ *'"' ^«" P'-- " t'^*-' Hoco^.d pin cicidt tithhe .mage, the two w,ll appear to remain together, otherwise they will apixSr to movraw.Ivfrom each other. This is known as the parallax method

''^

the factin It^
?*'*''-""

""^l^'
*''° P'"'' ^'""' '•^^ •^''^'^'^ «id« »f the mirror, and verifythe fact that the hne jo,n,ng them ,s perpendicular to the mirror

^

your^Sdt^
'""' ^"' ^""^ '^'^'^'""^ •^'^^'^"'''^ '^^ *^« Pi° f™"" the mirror, and tabulate

II. Refraction of Light

newy: The laws of refraction may be stated as follows:
(1) The refracted ray lies in the plane cf incidence
(2) The ratio of the sine of the angle of incidence to the sine of the angle of refraction

Pia. 2.

If a ray of heht HF w incident on a pb.te of glass AliCD at / <Vi^ o\ *k„«
into the glass .t is bent toward the nornJ MM, and pll' along ale ^^ " """"

2

=tj-;*._*^*l

''^v-'KI^H^



-^-'^tzr^i.Tr.jTJAX':^ st^z*'- »'' ^ . - '-

M =
Sin t

sin r'

If t ami r are determined, ^ can he ralculatcd

and the line joLi;^ th^nf.', ranl^^.f:, lu'r^S'" ^V'^^^
'''•' ^* '-* ^^ e.. apartOn looking into the onpc^«ite elo nf th i . u

'^'^*' *^^ """"aJ ^^i-
f- -n Mark the cf-reetll 'Mh?e„Cn7rat\l':t-t^^ ^T^ '' '^^ *- P'- ".ay
at le^st 10 en., apart, so that they are infine v,Sh th^o r f .L*'?'"

*'**'"'• P'"«' ^ *«d ^. aJ
Remove the glass plate.

^ **''' refracted images of £ and F.
Draw EF and j)nxluco it to meet the edee 4« of th. i

•
rDraw an, and nroduro it fr. .. . lu j

*"^ K'ass m L.

Join A and K TlmsTrav ofS ir*^^' ^C "^ '^"^ «'^ *» ^•
the g^a.s a,ong LK anT^L'Ss llof.g A'fi''"^

"" ^''^ «'-« ^* ^ «'-« ^^ - refracted through

pendicurLL'rontl^^ollrii'if^^ ^' ^"'^ '^ '"-'^^ «f tJ^^ -t «,uar. drop a per.

'^^''^

sinz = ^^.

pendiTXoi'iS:'""^ '^' ^'^^^^ *^ --ry- to the point ^.. and drop the per-
'^^''^

8inr=^^^
10 •

Therefore NM





FIRST YEAR EXPERIMENTAL PHYSICS

LIGHT

THE PRISM
Object of ExDeriment* m t

PART I

from the side AC along the line AP Th .

^'"' ^'

of n^flection.
^^- ^''en .„eo tho angle of .n.^ence is equal to the angle

^PAE=^EAQ and ^PAF=ZFAR
^"^

^'p^A
'TP^^'^i^'ar to AR, and FA to AC

Tliprefore ZQ/lff is donhl« yp^.- .l
^»^w, and

^«.« » «,.d. ,h,. .,* :, .Ifp^Hin;""' £„,'""'"« "» »* »' ».^ Prl™. Hence ,

Mark the dir;..tion ^^ t ec^ion'STr
'""^'*"'-^.':'-^"''^'^ the'angle o^t nril'""' ' ""

:'=;^r^^e:::Lrt^-'^^''|^''»^^^
1nice ^(jAV 18 equal to ^BAC.

Now
8m QAD =8^-Q1

QA-2QA-



Hence measure Qft divide by twice QA, and the result is the sine of the ande BAC Bv

t"e pZ. " *""' °' °'*"'^ ^"" *'^ '"'^'^ °^y ^ ^°"°d- Measure the ttelgiesJf

PART II

To Vewfy the Law that When a Ray or Light is Refracted through a Prism the

^nz2T:r£^'. '^ ^^^^ ""^ ^"^««^-= '« ^<»-- - the DE^iATrrp™:

Thewy: If a ray of light falls upon the prism ABC (Fie 3) from a Iiimin™,- ~^i„f o
at the pomt R, and is bent through the prism lag a direcLVs%me"ging ZngTcTp/^'

Fio. 3.
Fio. 4.

Z/?CS=180°-«,

ZRHS= ISO"-I,

ZGSH=^.

18O°-6+18O°-/+0+^= 36O°,

*+f=a+/

Hence

and therefore

(1)

If the incident^ray falls so that RS is parallel to BC, then 4>=^, and in that case
2«=6+/, or </. = -t^

Now if M is the refractive index of the prism,

_ sin _ ain ^
** aia SRH~m\ <pi

2

I^^I^^-««^jr»^^^rsg53a3?^^,t?-«' rr-i^ '^^^'^ ""^ *"''-'



When ..., Z..... ...,.,,=,..,„,
•-e..*..IS0O-Z=.S0=,t.e«.o.2..,or

Hence sin
«+/

M=

It may Ix; shewn Koometri.ally that when = *, the deviation a
•

Procediir..- nw. ,

aeviation 5 is a minimum*Toceaure. (l) F)(..sfri()e a c rfl.. ,ii.i, .. _...j: , .„

(2)

point P, such that the an^le whLhVV luX lu^'L^^''
"'''''^- ^tick a pin vertically at a

Ob^rve the direction of thrr;;^:t'd^laraTonrtl^tiTo'^ '^ '^^ *^- arigt^an^le^

^'^rSH 1

7'""
"" ^'^

'
' '

" ^ ""^ ^" ^'^^ ^^-

and Q^^and pS'STiu'lt^cut^tL^Scrfn a PtE"^''"'"' *" **"" ^''*=' ^^- ^^'^^ ^^

ZP^£= ,^,

Z0^Q=5.
Draw PL perpendicular to EA, FN and OAf to ^(?. Then

Bin<^=:i^
r '

sin^=^,
r '

sin S=m,
where r is the radius of the circle

Measure PL, FN, OM, and calculate the values of th. .

PART III

"^^ ^''^''^ ™^ Refractive Index of the Prxsm

th.4i a;;:c|-: Ji^ZHn^es^^lj^X Sy^rff^^ ^ -™ the pHsm aro^^d
time whether the deviation increases ..r d.-oreLes bv l! '^''^'^l^^''

and observe ea^h
he refracted ray mak,. a larger or smaller anX wkh thTdr r^'^'ln '^ ^^-^^tion AQ of

If the anRlo is decreasing, continue to turn the prism in th" .^^ ''^ ^^^ incident ray.-^oss. When, if the p.itio„ . „. ,^^^,^2 '^ IXi= SS. ITL^Z
and tj;i=trrtht^iL^K^^ -^ --- ^ -"^'^u. value

Ca/r;f;omSmrS)." "^^^^-^^^^orrd mea^ure a as befo.
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FIRST YEAR EXPERIMENTAL PHYSICS

UGHT

THE CONCAVE MIRROR

Apparatus: Concave mirror u,ith «

18 called the po/f, and the center of the snhorn r u u
'

,

*'*' '"''"**'' "^ fiK'"^ of the mirror

action X"X"i„r„i;r™ 'z '^.sVtt" "•""
-: ">'". "» poi« or .hoi, ,„.,,.stance tho p<,i„, , „, i„„„.„i„„ „Mr „o „™ „T'"r,''n " I"'"' »' "« i-^S^-X«I the point 0. For oonvpnienw 1K„ ...

^ ""^ ""' '"* "h™ reflected i, thTi '

If the distance from the mirror tn tK„ „j .t
•

- ., . t.e « ,e„.,. ,,::: :::::t;' ;';r.'T;^"
'"'™' '- "-^ » ^.

/n <Ai« formula distances measured fran, th.
' " " / ^ "'' '""^'^ °' «">''» aperture.

po^U^arui d^stancs n..as:Zti7 ZZllZ'^'J^L'"''' ^'^'^ - '-^^ «- -«*r.^a concave mirror is always positive.
"^ '^ """^^ ""'^ahve. The focal lengt™

« c.l.ed^]iVXnSr. *'^ "'^^^•* ^"^ ' ^^ *^« >-^h of the ima., then //0 = ./. This

^+-=j or .;=/.

(OTM)



Method 2. Using the value just obtained, place the candle well h»«nnH !.„

pomt where the most distmct image is formed. Measure « and . accurately
^

Keeping u constant make three separate determinations rf « liLin- tk r .

distance from the center of the mirror to the nin Thi« «vl *h ^ viewed. Measure the



FIRST YEAR EXPERIMENTAL PHYSICS

UGHT

THE CONVEX MIRROR

the ZK^jTr^Z ILT' '"^ '""""*•"" °^ '"-«- '" « -nvex mirror, and to find

Apparatus: C'onvrx mirmr ...;*i,

"I ««.! pin. „ou„,od „„ ,'5;«l|/«LTnS IS'"
"""""^ " "» -»''^ '»» •»*-

of Ci4, the radius of nirvaJurp Uv «iw, i , „

(?-F,/ ,V I'""!'""! l«i.k»ar.l,, it „ill ,. , ,1, . ,

'-'''"«» llial i>, lhi» ,«„ if

BiiSiiB
II the (liHl.inc.. fr,„„ i „. „„,.,.„. ,„ ,. , ,

.' '/. '"^M-x mirn.rs an- virtual.
-d .f / .» the focal length, .t JZ iLwl. Z"'

'' "' "^"^ f^ «'- ""-r t. the .n.age i. ..

In th„ formula, rliMancFs, meaHurrH fr^ ,u. ^ _ ,

(ovtn)



Procedure: Place the object about a meter away from the mirror and adiimt itj, K«i„i.*

Z^TJa - fPPrpr^l"'"^*"^ ^'^ '""^ Principal^axia. The im^S^." beli'p^?^shed and virtual. Place the 8..cond upright pin behind the mirrored adjust ite^it^w
^^'.hrS ^thM^'-'^'' ***? I^^ t '^' ""^'^ ^" '^"^ *»>« transparent sKZ^
S^~« ! 7 ^ "^^^ ""[ *•'*'' "^j^"*- ^°^« **>« «y« horizontally iTd they wS dbiftmth respect to one another. Keeping the object fixed m position slide the s^nd nml e^k and forth unt.l.t occupies the same position as the i.^. This can beTiL by^cmeOwd of parallax Movmg the eye horizontally, if the needlek in front of the^^ thefornier will appear to move the faster. If the needle is behind the image, the latter3^;nove

T J^'- J^'" ^^^y
T^'^y '^' ^^ P^t'°"> they will keep^ther however he everrme^nren"

^' ' '^' '^*^™"'- '^ ^' '^ '"^ ^P^^^Uin^ should ^""nZl

imagra"Sd*find°'/'*
*^"* "^ "™- ^'""^ '^' "^' '^^ '«^° ^«*«"°^« *»»« P««i«on <»' the

Repeat with the object about 20 cm. from the mirror
Draw dagrams to scale to iUustrate the formation of the images in the three cases.

^^z^v^^^m¥r,w;-^xr'^ Pi
i,Mmh.^¥0f^:"''ii^^



FIRST YEAR EXPERIMENTAL PHYSICS

UGMT

THE CONVEX LENS

Method I

Theory: A covex lens may be (<nnBiH»»>w »« u

to the surface. The rays will be twice bent r„^ -!1 , ^ * P"™ ^t^ «id^s tangential

(«) If / i. the f,K-al leuKthTthe ler« »„ 1 ^ "^L^
conjugate foci. ^ " ^

iraa^e fn.n. the eent.r of the fel the^^in,^ ~ f°^ !'
^^' "^^''^''' distances of object and

virtual distances negative. '
**"'" ™"'* "^' *»^»°'^ »« a^umed to be positive ami

(1)

If the incident rays are parallel, i.e., if the
lens, -=0, and hence

source of light i. at a great dintance from the

(2)
It i« only nece«ar>' thrrrfore t« determine ,-.

Si, "'.-.fir: ;.":'™.t
'™" "' .i„.Xri,',; r4,:,T.' r;.,"rr'".'.' ""t^

"sw"™i ''

ilT*^''

""
'""'''''' '" '^'''" "> '•>«• telescope

'""'

'^ '" ''""

;}M:SS^3P!fg31igs?f^' '
. ^ >L-l^:ii &.;• :-ti3 ^isM



m^: ^^J

^mMM^^Mji

'JMi

to the focal length of the lens. In tWa as in the preceding case only one observation is
necessary.

Procedure: (o) Mount the lens on its stand with its axis along the bench. Mount the
pround-Rla.ss screen behind it, with the plane of the screen at right angles to the direction of
the bench. Point the apparatus to an open window so that an image of a distant object may
be obtained on the screen.

Slide the lens along the bench until a clearly defined image of the object is obtained
The image i.s best viewed from behind the srroen. Read the distance between the indexes
carried by the lens and the screen. This distan. is the focal length of the lens.

(6) Select an ordinary reading telescope and focus it through an open window on a very
distant object.

Place the telescope on the optical bench close up to the lens in question, so as to look
through it in the direction of the iM-nch.

Move the ground-glairs screen along the bench until a clear image of it is seen in the
t<>lescop(>. Read the distance iK'tween the indexes carried by the lens and the screen. This
is the focal length / of the lens.

Method II

Theory: As before, u and v being the respective distances of object and image from'the
lens, we have

from which / may bo readily calculated, if « and v are observed.

Procedure: Mount on one of the stands the fine wire grating with the plane at right
annles to the bench. Mount the U-ns on the «.cond or middle stand, so that its axis lies along
the bench m a horizontal hue with the center of the hole. The third stand carries the
ground-glas.ss scn>en, mounted at right angles to the l<ench, so as to receive the image of the
wire gauze. The object, lens, and ground-glass screen should occupy the same positions in
relation to the indexes carried by them.

Adjust the positions of the lens and the screen along the bench until a clearly defined
image of tne lilunimated object is obtained. If the focal length of the lens is less than on.-
fourth the available length <.f the In-nch, an image of the illuminated wire grating can in this
manner be readily obtained. Measure u and v. Make two more settinp of the screen without
nioviiiK the lens, and from the mean value of v calculate /.

In the .s;une way d.-termini- / for two <.ther values of u, and take the mean of the threeDraw •> -tun illustrating the formation of the 'iva& " by this method.

Method III

1 "^^Pl '[
""" '''•'**•""<' l>etween the object and screen is more than four times the focnl

length of the lens, the lens ean (ucupy two positions where a clearly defined image of the
ohject will l)e obtained on the .screen.

Ix't the distance lH>lw<.en object and Mn>en be l, that between the two positions of the
lens «, und, as before, / the fo<^al length Then we have

W~-'y, for the first position,

and 1 1 1 , L+ = ,, ff>r the second.

Furt!=,r, it i.s r!,-.ir, .'.inrr / is (oi.Munt, ll.al « = r,; that is, the 1« ns will ix> at the same dis-
tance from Ihi scretn in the second case as it was from the object in the first.

2

m,M>^mi ?s^j,ismujmmi
')0



foc./,J;ri;7lT^ktLtftJZS vT \^^'^f^^^
approxunately from its

/ is the foc-al le„Kth of the lens
^'"'''"' *''^" *^« magnification is d//, where

of ob^eLS'rJer,^;e::^o;tXr^^ length
when the telescope is focused so that th.'^lo„. .k

*^*' '"^^ *° *^* "^ the object
this distance is fairly large

^^^ ^* ^'"^ "^"^ "^""^^ f™™ the eye, provided

the e^rtrt^rrt^'^Xtr'" '""' ''^"'^'^ "' '''' '^"^ P™-^«^. by Method I of

away from the page. What relauin' rl.-^, .h T .
"^^Rn'^^at'on vanes as the lens is moTed

focal length of the kns'^
^' ^^' *'*''"'=*^ ^* ^^.ch the image blurs bear to the

on ^'zr'tJj'^z^yJ::::^ "zt n- ''^^•-^'^ *°-"^« ^'^^ -rticai s^e
wire gau.e hot vcn our ^v.^ ^ .i ho l^Ta d mov^ir U^f r^"' °- ^^'''"'^' ^"^ P"* ^^^^

the image which c.n I,o t.-itcl by the method o n„r m °*=™P'«« the same position as

«..^'-™*;^::a:E«^Hr^-^"X-=- ... «...

one ,y,. .hil.. lo„ki„s thro,,* (I , mVr.ll ,'

r,
' T. '^ """"i""* ".wed wilh

liir image „„l .„h Jpp,,;, to ol 'imijl.
"^ "' "" ""^ """> ""' "'I"'- Adj«t the «»le

m«Bnifyin« power ,,f (he mienjopl a« a whole '°^'
°''™'"'* "" ""»" "I" °' «>«

by .''l;.7::!Ej7r„;;ei;;":^s„"' r *'"'-"™ »»>' •» '»"" "P'-.^iy
of who«. division. »;. known

'^ '" """ '^'''"~' " """"""ter scde the v.Im

im«'";hi,'h''i™3J' ,;;,::; riprui "lic- "-jit^' °' --""" -x ...
of (he mi.romeler «.ale. whieh .« ™ fl„l hv C ""

' """T*
by . number of divi,ioM

oye ,h,on,h ,l„. „,i,.r„„7 S L . , r^ ne.er It "''''^"^^^^^^^ " """ '^ 'b" "^r

:;:,':;:;:»' -- '-• »- ".-- :'rr uS,;v3^iii;x--rof"t

i, wir:i'thrf:::,';;,r. frr™ pr:.':iei;^^^^^^^^^
'"- -'--i- -^ -p-

Kauze, an,l »ljn»l the olher i,™ of orterTj^wJ, T''"," ?' I*"
'""«• '"»* tb« «ire

record how the a^iheat.on el^'^h: t^^^T,^^^^H,^"^' <"-™ «»''



lens



FIRST YEAR EXPERIMENTAL PHYSICS

UGHT

THE CONCAVB LENS

len.. the lifht will .ppoap to c»»e 7™. th*ST Thi h
'^ "'"'""" «*!"« tb^Sfc

Suppose a soiirco of light is „|;,po,i .,* n au^e lens if proci,...,.,, ba,kwLs wcSd i ti Ih af Ti "' tt l"""
^ '^^^^ »--«"« throughWhen

,8 against the Ions near P, the ~ lili "f"^. l^''
'"'^^ "^ » and is virtual

position of iK^twcvn infinifv and the lenTT. """n"^r
*''*^ ^^"^ «''j«-t- Hence for any

erect and diminished.
" '" ''"'' *'^'' "»^^ *'" »>« fx'tween /^ and the lens liriZ

the ^ir Z!'::i :;:;;;; :it 'e X: r' ^
^"r r-*'^^ ^^«^"- ^^ the obiect andand vi-ual distances negative, '

'^'" '"'"" ''^''^ ^^'^^^^^ are assumed to be St.ve

^+1=1
« " / (1)

If the incident rays are parallel i ». if .t,

lens, Ug, and hence
""" ''^ "^'^^ ^ ^* "^ «"-* ''-*-- ^-n. ,.

«'=/.

foc^'LS.':;^^SnS^'L^.-;; iv- P'^-» ^'- together, .t .„ he sho.„ that ^

^ /i /a (3)

(OVBR)

!/•

i&;^*^isp9g^!^iS£;^' ^^V'-'^f?"'" ¥f' - . •( ^fiis



t^.t

being carehil to give each focal length its proper sign. The reciprocal of the focal length inmeters « known as the dioptric power. Hence the last formula may be written D=d,+d,where D,di and d2 stand foi the dioptric powers.

Procedure: Method 1 Place the concave lens before the window. Looking through theens the miag^of some distant object will be seen at the focus. Place the glass plate ver-

of"Se Jbte
g^""' '" *'''' '''"' ^^"^ **''' illumimited object about 50 cm in front

thp f!^^f T^'^^
^\fi^ and the lens the image of the distant object will be seen atthe focus of the lens and near it the vu^ual image oJ the illuminated

, object as seen in the

fc cl'fTT-. f\'^' '^r.^*'''
""^ ^""''^ "°*" '^' *^° i°>^ «>i°eide in pj^tionThis can be judged by the method of parallax.

i~™""".

The image formed by the glass plate is as far back of the glass as the object is in front

f^^l^ d-tance d.. Meaam-e the distance rf, from the glass plate to Se k^. litfocal length is obviously given by /=4,- rf,.
«;«. xuc

Make three determinations of / and take the mean.

ih^t^^if^J'
^^'^

*^u r^'if^^
Pj" ^^."* ^ *^'"- **^y ^^^ ^^'^ '«"« a"d adjust its height sothat on looking through the lens from the opposite side along the axis the inWe of the ton 7f

and height of the tnv^d pin so that its pointed part just comes down to the top of thTlens

Lt SSlyt rt iL"^^-
'' ''' ''' ^ -^^^ ^°^"^"^' ''^ -« ^^ ^ ^-^

Repeat with the pin 40 cm. from the lens. Draw a diagram to some convenient scalelocating the position of object and image for either distance.
convement scale,

^^ Method 3. Find the fooal length /, of the convex lens by one of the methods describedm the manuscript on the convex L-ns.
^"^^a uescnoea

Tr^^Hnf f?'^"^ *K^ T""'^"
"^^ """"'''^ '^""^ ^^ ^ ^"^ '^"'1 *dj"8t them in the holder.

fT^ r w rr" ^ " "^'^ '^"^^'^ '^°«' P'*'* *»>•' illuminated object about a meter

Z. ?'
K?'- T'^'lr**'"

"""*" """ *^" "*'^"'" «'^^ «^ *^« l^'^' adjust :ts piition until a c^unage is obtained. M«'asure >i and v and calculate F.
j t~» u uuux a cism

Make three detenninatioiis of F at different distances, and take the mean.
Calculate the focal length of the concave lens from formula (3)

I

i.'LHft^^.y'isiM'



FIRST YEAR EXPERIMENTAL PHYSICS

UGHT

IHE MICROSCOPE AHD THE TELESCOPE

and millimeter scale.
"^^meier scale and wire gauze; micrometer microscope

Theory:
1. The Simple Microscope. Fur 1 illustrate fh« t *• ,

/
i-ig.

1 illustrates the formation of a magnified erect

f^'--^-.

L-^'

FlQ. I,

virtual image by means oi j convercinB lpn« tk
scope is that the object should be leTs 'hi the^t^aJXZI ?°''"*ir f"""

'^' ^^^^^ "^"O"
2. The Compound Microscope To ohb[ n ft

f'stance from the lens.oscope. To obtam the greatest magnification the compound micro-

Fro. 2.

whiih fo,„,., a r .1 i.naKc at / Bark f
' "^.^"•'"^ '^ns ^ ™Hod the o6;V>rfiVe or ubjeliikm

tance .sli.htlv 1... th.nlts focal fen^h so that??oL?''*"t' T^'''^'''
'^^^^ ^^^^

be ...rn l,y the evo at E.
^ ^* '* ^''"^' " ^•'^"'^' ""age of / at /' which may

t^UK. .1/ ,n an ordinary microscope is about li T^Zt^^H^h ^^^
'r«*'}

«' ^- The di^
.s 5 „.,„., the nnago / will Ik^ .30 tinu^ as largo as tTo 3,S Lh f ^T^

'""'^^ ''^ **»^ «l'j«<'tive
fy.n, power of 10, the power of the combinatio" I 30x O^r^i iT"''''" ^ ' °^'-

systjln :i',^^i^^^ J-his instrument'ti^ :;SeetTt':onverg.nt lens or
than its own focal ien^LTofTh t^e"L '/ f^^rbv^^.^to^ ^* ^

distance^l^htlX
enlarged image of / is formed at /'. It will be nntTf*, w? object-glass, so that a virtual
part of the di..tant object comes to the eye a^if fr^ tt '^"'i ""^T '™™ *»>« "PPer
th. instrument produces an inverted ^"4,^1"^!^^^^^*.:;:^JXiva^Z

^>^^M-M '?ms



.x.':fi:.7oS;\T..rtrjtrr^-^™Nrt-s,r.i^^^^^

Fio. 3.

viewfsMri'^"*' "J- ^fl' 1 *^ T*"**'
''"*«^ •*" ** «*» Simultaneously, and the field of'»n?e, beinK limit<^ only by the size of the lens B.

u^d JiZfT"^*^
Mtcro.,«,p,. I„ the case of telescopes provided with cross-hairs andused extensively ,n «urveymg instruments, as weU as in ^Se "^^crometer micZop^ ;hieh

Pio. 4.

iho".WrIl?^^"'/ ''^'^ *'''* ''"^^'' *^« ci^-hairs are adjusted to lie in the plane of

The^^' 'vTh'^
'" "T'"'

***'*^''- "^*' '''' ""^« ^y *he eye-piece.
'

a screw rf3^ I u% '"'"?">';*«'• ""•'•oscope can be moved across the Lage by means ofa scr«w of uniform pitch, to which is attached a milled head and a divided circle In thl fi^.^

nross-hair across one or two milliineter divisions of a good steel scIip^^^ T ?

i, .uLKCeCr'^ThJ!',: T""f'
"'"^ "' '" "''i'"* *'»"•'" »" «« ™»l ""^l" which

by the image to that subtended by the object viewed directly, and is rf coi^eallt themagnification of the object-ela=s multipIioH hy that of the eye piece
^ ^ ^^^

imaJ to "lilf^irZ^'f I
microscope may also \^ defined as the ratio of the siw of the



Hence we have

and therefore

«+»=/, u-ui<-a, ui>p,

2 ' 2
•

Substituting these values of „ and . in equation (1), we obtain

/=-
41 (3)

^^e^iZi^^::,^ L'^^t:s 'Te^^'z -z^n^t "^
^"k*t

'-' «"^ *- p'--
Repeat this setting twice more and froT the mLn v«H f "^f r'""''

**>" '^'^ « '"o^ed.
R^peat for two greater distance Z '^:'Z1^' :lL^l^-.^^ ^ ,
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FfRST YEAR EXPKHIMENTAL PHYSICS

UGHT

THE SPECTROSCOPE

acope°t!r:!ut^hre*;Jt^^^^^^^^ ope^tion of a «pectn>-

Apparatus: Spectrosmn.. • a .

"'* HubsUnces, and to map their spectra.

abo a spect^meter for demonstration pu^'^'"**'"
''"^ «''y««'» tubes should be a^IiS!::

know^2Tadian"tTer^';'""Thl" e^errrr.Ss^TH''" ^J"'^
^ -«*''- t»-»«h the ether isvary m wave length from a few mSn t fs Jf^^, ' /" ?' '°™ "^ transverse waves w^^^^^^^^

bonK between .0004 n.m. and 0007 nrX' 7^^^ '^ '*"''™' ^^-^^^r.. Wave leni LJWhen hght waves of all wave lengths fdl on ho T "^ ^'°" ^^ ''*^'' called light wav,^

ineretore, if a paraUel beam of white li^ht f„n 1
1- ,

' " '""K'''' *»ves travel the fasterwaves W.11 be bent more than ihVrnJ^aJfi:t''''''^^n ""'^ ^'''^^ «f ^ P'^m, the sK^r«how a senes of overlapping eolo..S a sp^J rum '" ^ "'" '' ^""^'^^ "^" «™

Fio. 1.

Incandescent snlid= lin„i,i- „, i .

(OVIB)



.r^Jr^'lt- t^rfinl^^^^^^^^^^ vapor. Each bH.ht
the atoms. Each substance jrives it? o'wriUS ^L^

Js produced t.y vibrations within
by their spectm is Wn^Tct^T^st ''^'"- ^' ''^-t'S-tion of substances

whe"s:sLXrL7?ojy';t a^stTfu^^^^^ ''^'^ •* ^ ^°-^ *^t
place, indicating that that particula^^wL^Sh hi b^ "^^^^^ Y' "^^T I"

**»« «^«
energy passes through any medium th<L wavlTn nf "Tl^i ^" ^^"^™' '^''^n 'pliant
itself would emit if incandes^S Such^r..- '^

S^"!)" i."^-

*^*""'^'^ ^^'''^ **»« "«li"™
solar spectrum is a dark^ne spectmm The suTitSf l'^'"*''r

"^ '^^'^'"^ *P*^^«- ^^e
in the cooler atmosphere of the^sun are the vZr^ of th^l f

<'°"t'nuou« «Pectrum, but
Hequently i„ parsing through this atm^ere trchtacteris^^^^^^^^^ \ T*^"" • ^Tsun-s m.enor is absorbed by the .surrounding va^ofrtreTem'^^^^ ""t^^ tfteT tl

Ao 8 C

n

Fia. 2.

scope,

note-

blue,

Be rare to repWe eat* ,„rk m ili J. ST^.™.?^ , .^ ",' °', ""' ''"•' "' •!" 8«ni«-

rjd to .h. i. „„u, be^'."S3.te. t^TaSv"T ^l^'^irS. .^^ ' '*"
What substance is present in glass?

* "® spectroscope.

tfrtMic .pectram of mh
'"unuMM lube, mth the -peetroecope. M.p the chiMc-



FIRST YEAR EXPERIMENTAL PHYSICS

LIGHT

THE POLARISCOPE

concenlralion of a,, unknown mluUon.
'""""" "^ » rarchanracter; and to determine the

vibra^ortakiifpU^TaXt;^^^^^^^^^^^^^
i"

^^^ ^- "f transvo^ waves, the
Uons are not in general confined trany one irinTh.'"" ."^ P^'P-KHtion. These v l.ra!
dirt^ctions. Some media, however su"h T foL r

?,''""'
u^"^

^'^'^^ P'^'« '" 'i" Possiblem one direction only. Hence If iLt is
. '^, V^"™'^''"''' allow these vibrations to takrSace

to this direction paL throiVlSy' Otl '^tluons"!? .""'''^'^r^
*'"' -'-tions'^aad

one component passing through, the oVher b^ n^ ^1.07 r
^'"'^"'^'^^ '"»" two components,

has all .ts vibrations in one direction and is «id fn Z
^^""f'll'^'ntly the emergent Ugh

two directions of vibration, mutually p^J^'diSr A ratl'f rt""'^ ,

''"'^''^"^ «P" «"«-
18 spUt up mto two rays rwlarize.! in nl„. . .

* °^ ''*?''* mcident on such a crvstiil
ol^vs the ordinan^ la.^ of^^So^ and "aT

J^
*" "" «"'^^*^"- «"- ^^ thel^rly

calletl the extraordirmry ray.
'''"''^ ^'"'^ "'"'^'""'^ ^'^y: the other does not and is

In a Nicol prism a rhomb of Iceland stvir (Fior 1^ ;„ , , .^.n w„H Ca^da ,„,»„, ,Ke ..„a,t,ve ,X''Jlj^ ™ir.Z?,M''or"r;ij*;

for the ordinary and greater for the extraordinirv r«v T» 1
1-

when the or^linarj- my meets the bakr u,tX rJfl .u'"^T,'"''l'""
'' ^ "^^'^ «»'«*

IS transmittci. ""
'^

"*^^"> "'Awt^-d, while the extraoroinary r-iy

ins.r:n:„r;t;3ti:-n:::r'?;;L^p;i.:;rr7 '"';^ ^"'^'^•^'"« '-'-*-' "«h.. m .he
;• Th,. hght H,c.den, on A i. rend.' :, 73-1 b "^T.t^'T

''" '"^"!. '^"'^ ^ ^"^ «'-'>-«
tx" spht into two nivs, th,. .-xtrmMdinirv mv «./h ,

'"•'' ""'"^•'"' "" -1 «« /' will
rvi<«.ng through. The orchnnrv n w |

'

ff r ,

' ^''"'"""^ '" 'he plane of ,h,. pa

'

«'xtern,d surf,uv of A w.Ii h
,1,"

' U V
'"*' '"•'''""' '^"••••""" «"<J arr.vu.g at t^,

a< /" will 1. plane pojlllj; i l'iL'\Crf:^'l''"""'t"''
'^''- ->' "'-l-tl'«

arranged snnilurly to A or turned ll muT-Mr f
"""'.'•' '" "•"P^'^ according as /^

"

the light will ,«u.H through. "
•

' • ''" "">' '"«*'rnu.d.ate Fx>sition only pa" of

r^per, they W.11 iH. u.cI.n.Hl at -n A nglf; w h r cln^
^''"" '" '^' '*'«"' "' »he

of the ^.lumn of h<,u„| ,„„, ,„ „„.,,,„?,,,i;;;,;*^"'*'

^'"^ cane^ugar dep,.nds only on the length

beroutedTLS^S^.5::':t^i:::';srti:j^r t'"- rt ''"""•"*•
'^ •"-* --

.« c^n^tant. cncntrufons a.y be^^mpar^^'^^^rtru-e a"X' ti Z^St °' ^'^ "^'"^

(ovwO



Procedure: Place the screen and lamp about five cenUmetere in front of the DoIari^coDeRemove the tube and wash it thoroughly. Fill it with distilled water,^ng ca^'STnoEbubbles remain. In screwmg on the caps, take care net to break Ae gla^ d^ A ve^moderate tightening of the screw wiU be sufficient. The glass tube should te^n««cd in Smetal cover to shut out aU hght from the side. Place thf!!, in poS. aSd Slh^uS
J^dirS! fh

"" •""°^'*?.,«='^°-
.

The field WiU in general be Cght By ZLs rfShandle rotate the analyiier until extmction is procured. This is the ».ni nnsifinn pL^ I-
portion by means of the vernier, taking readkigs Tthe ief" Z ^JZ ^ tothe^ttpositive. Rep^t ten tunes and take the mean as the zero reading

^
Kemove the tube, unscrew the cape and shake out the water Rim » hnu «f !,» om

^.^rwo^fd-SuKlTZ ""f
^ *^ lli^

'-' »-" H^ur^s^to^v'^f^thl L on

^arSiin'e ^re^tiiriffj;^r -trposiSr ^bL^^ftttitsthe mjrument was formerly set for extinction," hght Sow pas^CSi- iSaTtV^anaS
^tw^nThi, Tr '^- .^''''^*«° ^P*'*** netting. Slake tl m^ Tl^e jXren^between this ^d the j«ro readmg gives the rotation produced by the 2N solutio" Pour oSthis bqmd and wash he tube thoroughly. Fill the tube with the U N sottion d p^as before. Do the ^me for the N and the i N solutions
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Wash the tube and pipette thoroughly before leaving the apparatus.
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