Circulars From

The Scientific Shop

The Scientific Shop

ALBERT B, PORTER
324 Dearborn Street, CHICAGO



To Our Customers

ORDERING. . In orlering give catalogue number and name.  Stute to whom
the goods are to be charged; if to & corporntion or school, use regular
order form whenever possible,

TERMS, Our terms are net cash at 80 days, and monthly accounts are pavable
ott the 1ith of each month. Overdue mmnlsu_mwhj-wl, to sight draft.
No cash discount is given.

Customers mwot having a credit already estnblished with us will
understand the necessity of sending reliable Chicago reférences or of
enclosing remittance to cover the amount of the purchase, Shipments can
be made C. 0. D. provided a sufficient sum accompanies the otdér to pay
express charyes hoth ways.

REMITTANCES. Remittances should be made by hank draft on Chicago,
or by postal or express money order.

PRICES. The prices given in these rirenlars are net on orvles of ardinary size.
On quantity orders small discoutita can be granted in a few cases.
Customers who are not entitled to duty-free entry of imported
spparatus shoulidl bear in mind the fact that the customs duty on instro-
ments maie chiefly of metal ie 45 per cent., while the duty on apparatus
madle of glass, whether Blown, cul, or engraved is 80 per cent. Informa-
- tion relating to duty-free importation will be found on the third page
of this cover,

INSPECTION. All apparatus is carefully inspected hefore leaving Tws
ScrenTIeIc Srror, but any tltl.'ﬂt whn.h Lias escaped us will be rectified on
prompt notification,

PACKING. All goods are corefully packed and safe delivery is guarantesd
when the chuice of route and method of shipment is left to us: under these
circnmstanced any breakage or damage in traosit will be promptly made
good, If apparatus is damaged fa traosit we should e advised at once,
and the goods should be held pending receipt of our instructious,

Except where specifically mentioned, no clinrge s made for boxing
and cartage.

SAHIPPING. Inthe ateence of definite shipping instrctions; small orders and
delicate instrioments will be forwarded by express and large orders will be
sent by freight.  Parcels sent by mail are ot purchaser’s risk,

Instruments which are carried in stock are useally shipped within
forty-cight hours of receipt of order, anl import onders are filled with
unwaual promptness.



The Scientific Shop

ALBERT B. PORTER

o~ Scientific Instruments 324 Dearborn St., CHICAGO
: CIRCULAR 350 MAY, 1907

Copyrighs Y7 by ATbect B. Portor

The Studentia Calorimeters
Paient Applisd For

Fig. 1

Showing the apparatus sei up for determination of specific heats by
method of mixturces, and some of the component parts
af the Calorimetiers
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The Studentia Calorimeters

The “Studentiz” Calonimeters were designed for The Scientific Shop

g;.r Mr, J. O, Mulvey, mechanician of the Armour Institute of Technology,

hey awe their inceplion to the gratifying favor with which the “Scientia™
Calarimetric Onifit bas been received by scientific men, and to persistent
calls for smallor and less expensive but equally well-maide apparatus suit-
able for elementary laboratory work,

The “Studentia” Calorimeters inelude r-'gi:-r;!.'lhing needed. to give the
beginning student & thoroogh training in calorimetric methods, while the
utensils are so designed and arve of such size that reasonably accurate
results are assured. The various parts of the "Studentia” outhit are inter-
changeable and, since all paris are sohl separalely, the teacher may increase
his laborntory eguipment at any time,

The “Studentia™ Calorimeters are made of the best materials, and with
the same attention to details which characterizes the “Scientia™ ontht. Al
the parts of the apparutus whese witer-gquivalents must he taken into
gecount are made of brass or hard volled copper, and the exposed metallic
surfices of the calorimetric vessels are nickel plated and polished in order
to minimize the radiation corrections.

Fig. 1 shows the apparatus sel up for the determination of speeific
heats of solids by the method of mixtiures and, in the foregroumd, several
of the component parts of the “Studentia’ outfit, The sectional cats, Figs
2 to 5, show the arrangement of the apparatus for several experiments.

Stnee the greatest ervors in calonimetry usually atise in the tempera-
tate measarements and i the estimation of the radiation covrechion, cepes
cial attention has Leen given 1o these points in designing the apparatus.
For the purpose of making the radiation correction us small and as constan
a5 possihle, the apparatus includes a water-jacket for chielding the calo-
rimeter from outside temperature changes, and thig water-jucket is mickel
plated und polished on the inside, and 18 heavily lagged with felt on
the ontside. Since the jacker holds between its walls a large mass (1500 g,
of water, these¢ precautions ¢nsure n'nearly constant jacker-temperiture, and
a small and determinate radiation correction.

Recognizing the faet that ardinary thermometers are entirely pnsuited
ta the measurement of the small variations of temperatnre which take
place within the calorimeter itself, and that the Beckmann thermometers
guch as are suppled with the “Scientin” outhis are perhips too. costly
und too fragile to be put into the hands of young students, special ther-
mometers have been designed to form i part of the “Studentia™ equipment
These thermometers (CI468 and Cl469) can be sopplied either with the
gscales etched on the stem, or with encloged porcelain scales as may be de-
gired. They are made of Jéna glass, are 14 inches (35 cm.) long, and are
rather slender in the stem g0 as to have as small's water-equivalent and par-
allax-efror as-is consistent with safficient strength. The scale, which runs
from 15°C, to 40°C., thus covering all temperatures which are apt to be mel
with in the eéalorimeter itself. 15 divided to owe-twentieth degrees, Since
each division is about a hall mallimetre long, fractions of a division can
be cstimated with the naked eve, and tenthe of a division (1720%) can
be read by aid of a lens.  Each thermometer has an expansion chamber
at the top to prevent breakage if accidentally overheated, and as an aid
in ealibration. The lowest division (153%C) is placed from 4 to 5 inches
(9.5 to 125 em.) ubove the bottom of the bulbh za as to be alwiys visible
above the cover of the calorimeter when in use. Tn shipping these ther-
mometcrs the mercury sometimes runs into the expansion chamber. Tt
can usttally he brought back into the tube by rapping the bulb vertically
an the palm of the hand, or by rapidly swinging the thermometer at arm's
length with the bulb held outward. 1f this procedure is nol efféctive, the
eapansion cham! or should be cautiounsly heated in. & small fame wntsl 1
is quite hot to the touch. The mercary can then readily be run back
inta the tube by rapping or swinging as before



Showing the apparatus arranged forspecific heats by method of mixtures

The Water-Jacket (C1451) shown in the centre of Fig. 1, and In sec-
tion in Figs. 2'to 5, is a double-walled vessel of Earderolled brass, nickel
plited and polished inside, and covered outside by a removable felt jacket
three-cighths of an inch (0.8 cm.) thick. The feh COVErinE Serves Lo pro-
tect the vessel from ontside temperature changes, while the polished inner
gurface diminishes the radintion correction of a ecalorimeter when ST
roatided by the jacket. The wiater-jacket i3 6 inches (15 emt) hgh amd
615 inches (165 em) in dinmeter over all; the intier space 18 § inches
(13 ¢m.) deep dnd 4 inches (10 cm) in diameter, while the space between
the inner and ooter walls 15 1 tneh (25 em) thick. O top there is a
tubsilure for the insertion of a thermometer. and for fillitg the jacket,
and @ pin which, with the tubalure, holds the eover in position,

The Cover is made of white pine, glised up three ply %0 a8 to prevent
warping, and is heavily shelluced. 1t is pierced by o ventral hole of 134
mches (37 em.) in diameter, and by four smaller holes for the tubilure,
pin, thermometer, and the handle of the stireer.

The Inner Vessel or Calorimeter {(((1452), which |5 identical with the
senall ner vessel of the “Scientia calorimetric artfit. 15 shown restin
ol ats support 2t the extreme left of Fig. 1, and in section in Figs, 2 §
and &, 1t is made of hard rolled copper, is nickel plated and polished on
the outside, s 434 inches (115 ¢m.) high, 3 inches (7.5 cm.) in diameter,
and has a capacity of 500 ce,  With it 12 supplicd 2 cross-shaped, wooden
msubating support for holding it cohtrally inside the waler-jacket and
away from the hottem and walls of the latter

The Stirrer (C1453), shown just 1o the left of the water-jucket
Fig: 1, is the same as the small stirrer in the “Scientia® outhi. Tt -is
made of a flat fing of sheet copper, turned down at the outer edpe for
stiffuess, and has a copper wire handle long encugh to pass throngh a
hole in the cover of the water-jacket ne shown in Figs, 2,3, and 5. ‘The
nner dismeter of the ring s 1% inches (48 enm.), ‘which gives ample
clearanee around the condenser, electric heating coil. et

The Tripod, Rod, and Collar (CI453), for supporting the hoiler and
steam-heater, are shown in Fige: 1, 3 and 3. They ure identical with those
supplied with the “Scientia” Waterman Calorimeter. The tripod is heavy
and rigid, being made of enamelled iron, with legs & inches (13 co) long.

The rod, which serews firmly into the tripod; 18 made of Bessemer steel
. e e L Y e Ll e e e L - § L, T e S gt
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p:EI:Lttl.] and polished., The collar clamps to the vertical rod, as shown in
Figs, | and 2, so as to permit rotation of the boiler and steam-heater ahout
a vertical ‘axis '

The Boiler (C1456), shown atiached 1o the right of the vertical rod
in Fig 1, and in scetion in Figs, 2 and 3 is made of heavy brass, nickel
plated and polished. It is supplied with a horizontal supporting rod and
clamp which interlocks with that on the stcam-heater so that the: two
miy be swung together around the vertical rod. The bailer is supplied
with a plass water-gauge, and is prolonged above so that it may supply
drier steam, and in order that it may he vsed in testing the hoiling points
of thermometers. The body af the hotler 15 334 inches (9 em.) in diameter
and 6 inches (153 em.) high: the ppper tube is 5 inches (125 cm.) long and
134 imches (3 em.) in dizmeter.

The Steam Heater (C1457), shown attached to the left of the vertical
vod in Fig, 1, and in gection in g, -2, serves, ip connection with the
boiler, to heat picces of metal, etc, when determining their specific heats
by the method of mixtures, Tt consiste of a hrass tube 1 7716 inches
(3.3 em.) in dinmeter inside and 734 inches (1835 em.} long, surrounded hy
an onter brass tube 134 inches (4.3 ¢m.) in diameter; so as to form o steam
jacket, the whole being covered by a lagging of felt 5716 inch (0.8 em.)
thick. Small tubes nt the top and bottom connect with the jacket space,
and serve as inlet and outléet for the steam, The felt lngging prevents
escape of heat and at the same time enables the apparatus to he ¢on-
veniently handled while hot.

" When in use, the bottom and top of the heater are cloged by means
of corks. A thermometer & passed throogh the upper cork so that its bulb
may he inside the (conveniently) tubular piece of metal whose specific heat
is being found, and the latter is supported by means of a thread pinched
between the upper cork and the walls nf the tube. When the temperathre
of the piece ufll metal hog risen nearly to 100°C. and hias become steady, the
stenm Heater f5 swung round over ike calorimeter, and the metal is lowered
into the latter by means of the thread, The apparatus is 4o designed that,
during the process of heating the metal, the boiler, steam heater, and water-
jacketed r-afnrimcttr lie respectively aver the three openings of the trpod
as shown in Fig 1, and so that, when the steam heater is swong round
until it strikes the handle of the stirrer, it is centered over the hole in the
cover of the-calorimeter in buch a way that the metal plece may be dropped
in quickly and with certainty. The conveniency of this feature of the design
will be appreciated in the laboratory.,

Pieces of Metal (C 1466), made especially for specific heat determnina-
tiotie with the “Studentin” and Scienta” calorimeters, are & convenience
swhich will e appreciated. Cine of these metal pieces is shown in [eont
of the water-jacket in Fig. 1, and in section inside the steam heater in Fig, Z
The metal pieces are made in tubilar form €o thit they may heat uniformly
throughout and rendily give up heat to the calorimeter, and so that, when in
the steam heater, the bulh of the thermometer may lie inside the metal
Ench picee is drilled st the top for su=pengion, and 18 cut away at the bottom
at four places in order that it may rest firmly on the bottom of the calorime-
ter and vet allaw circulation of water inside as well as outside when the
stirrer 48 moved op and downo Ta thic way they are greatly duperioy to
rolled-up steips of sheet metal. The picces are of sufficient mass to give a
rise of four to five dépgrees in the calorimeter,

The Condenser (C1458), shown with ite water-trap-at the extreme right
of Fig. 1 and in part section in Fig I, iz used in determining the hest of
vaponization ‘of liqulds by the methed of condensation. It concista of a
atifferied and perforated brass dise 234 inches (7 em.) in diameter, bearing
An it upper surface o water-hox 134 inches (4.5 em.) in diameter and 5716
inch (0.8 cm) deep, from which rise two copper tubes ¥ inch (0.6 cm.) in
diameter. One of these tubes, which serves as mlet for the steam or vapor,
ig hent into a helical coil, and 15 bored out to.a taper at the upper aul
fitting the water-irap. The other tube, which rises wvertically from the
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wiitgr-hox, serves as- an outlet for any air wi:lie."h may be driven over from
L]II'L' boiler,  The diameter of the steam-conl 18 134 1nches (4.5 cni), which
gives stifficient clearance for the stirrer, as shown 1 Fig: 3. The condenser

Fig. 3
Showing the apparatus arranged for hent of vaporization

is very effictent, and may be used with any vapor which docs not attack
COprer,

‘The Water-Trap (C1439), shown in connection with the condenser in
Figs, 1.and 3, serves to catch any liguid drops which might otherwise he
carried over from the boiler to '-LIHIJI..I:]H'.I:' It consists of a brass tube 214
inches (55.cm.) bong and 1 inch (2.5 em.) in diameter, closed at the top by
means of a cork 80 s to be "E'-|:1:||.1. cmiptied. The steam cutlet at the hot-
teami 18 tapered so s 1o it the condenser-coil, and extends inside nearly to
the tap, as ghown. in Fig. 3 The steam inlet enters at the side, below the
ouglet, and is 80 ghaped as to prevent an upward rugh of vapor whith might
carry liguid drops into the outlet pige, “The water-trap ts lagged with felt
o prevent condensation, and o enable it to be comiortably handled
while. hot.

Fig. 4
Showing the apparatus arranged for specific heats by method of coaling

The Inner Vessel With Rim (C1461) and Hickelﬂi C{mli.ng Bottle
(C1462), which are identical with those supplied with the “Scientia” calo-
rimeters, are used in detéermining the specihe heats of liauids by the method
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lar 331, a1t K-and J. The inner vessel 15254 inches (63 em.) in didmeter
and 5 inches (125em.) high; it is nickel plated sod polished on the outside,
and & finished dend ’|l1‘b‘u%: mmside; a bayvonet catch m the rim holds. the
viessel Grmly attached to the cover. The nickeled cooling bottle i3-1 ineh
(2.5 cm.) i dineter, 24 inches (5.7 cm,) high, and has a ecapacity of 25 ce:
the hottle is supperted in use by a thermameter passing through ‘the cork
angd throngh & second perforated cork ftted o the central hole in the caver

Fig: §

Showlng the apparatus arranged for hoat equivalent of elecirical onergy

. The Electrical Heating Coil (C1464), shown next to the condenser in
Fig. 1, and in part section in Fig 5 is mtended for miessurement of Joule's
thermal eguivalént of cleetrica] energy. and may also be used for comparing
the speciiie heats of hquids by the method of electric heating. The heating
eoil is designed to he directly cormected across 11wolt dircet or alternat-
ing current maing without the mterpodition of other resigtinces. 1t i8 made
of thin wire of small temperntore coefhicient, wound in s serew thread oot
i the outside surface of a “lava™ tnbe, the whale beine enclosed v a water-
tight copper cusing.  The casing is attached to the fibre dise, which beuars
the binding posts, by means of a copper rod and two copper tabes through
which the wires pasgs wiich connedt the coil to the terminals, These con-
necting wires are insulated by means of twubelar “lava” bushings. The
apparatos = 5 inches (125 em.) high ‘over nliy the copper casing of the
eoll 13 154 inches (3.2 em.) high, 124 inches (32em.) in diameter, and the
dismneter of the central hole is 33 inch (2¢m.}. The resistance of the <¢oil
i abiont W0 ohms. 90 that it carries s current of shout L1 amperes and
gonsumes about 120 watts, thusz Hbesating suflicient heat to rase the tem:
peratdre of 400 grams of water tn the eslorimeter 4°Co per munute, The
approximnie resistunec of eich coll is stomped on the fibre disc; hence
rough measurements ¢an be made. withoul tsing an ammeter and wvolt-
meter, by assuming the voltage ¢f the cnrrent sopply as known, Although
mtended only to be wsed when immersed in o hiquid, the coil may be left
i civenit when exposed to aics it owill then veach a dull red heat, it will
deteriarate only "rrr?* slowly.

An Apparatus for Mechanical Equivalent of Heat, simpler and less
expensive than the "Scientia”™ apparatne, is i preparation.  Detatle and
prices will be published when roady.

Examples of Results Obtained with the
Studentia Calorimeters

Before putting the Studentin Calorimeters on the market, the whole
of the apparatuz was tested in the laboratory of The Scientific Shop to
detérmine what degree of accuracy the instruments might be expected to
give i the hands of an intelligent student, and to zee whether the design
of the apparatug could be materially improved, The experiments recorded
below suggpested several modifications of construction which are embodied
in the calorimeters now offered. No effort was made to attain exception-
ally precise results in these experuments. but merely to get a fair idea of
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the working accuracy of the apparatus in the hands of the swdent. For
this reason no especial care was taken in making the readings, nor in
applying the corrections, beyond that which may be reasonably required
of the beginning student. Radiation corrections could have been consider-
ably reduced by always starting with the calorimeter below room tempera-
ture as in Experiment I, but it was in general thought best, for the pur-
pose in view, to make no effort to reduce the radiation.

I. Specific Heat of a Solid by the Method of Mixtures

The apparatus wis connected as shown in Fii.rs. 1 and 2. The solid
used was a tubular piece of brass, considerably smaller and lighter than the
pieces now regularly supplied with the “Studentia™ Calorimeters: Tt was
weighed, hung inside the steam-héater by means of a thread, the thermom-
eter (C843) and corks were inserted as in Fig. 2 taking care that the bulb
of the thermometer lay inside the bore of the tubular piece of brass  The
burngr was then started under the boiler, and steam was allowed to pass
until the temperature of the brass picce became very nearly constant
Meanwhile, the double walls of the water-iacket were filled with water at
about room temperature, and a second thermometer (C843) was passed
throwgh & pecforated cotk fitting the tubulure of the water-jacket A
weighed quantity of water slightly helow rocm-temperature was placed in
the calorimeter, and a thermometer (C B49), gradoated to 1710°, was passed
through a perforated cork and thrust throogh the cover so as to dip into
the water, The water in the calorimeter was kept well stirred, and tem-
peratire readings were taken at hve-munute intervials, as follows:

Time P. M., Temperatures

Houms Minnles Calorvimeter Water-Tacket Henter
I D AT MO 18.5'C #8.2°C
I A 17.53 15,6 =4
1 % 1757 I8.8 08 4

The thermometers in the heater and iacket were read to tenths of
degrees, that in the cilorimeter was read 1o hundredths: paratlax-crrors
were avoided by holding the eye and lens in such position that the gradua-
tions on the thermometer tube hid their reflections in the mercury thread,

The temperature having become practically constant in the heater, the
corks at top and bottom were loosened, and at 1:56 P. M., the lower cork
was removed, the heater was swung round until it touched the handle of
the stirrer, and the brass picce was gurckly lowered into the calorimeter,
The heater was then immediately swing back into its former position, and
the boiler was allowed to run throughout the remaindeér of the experiment
s¢ that the temperature-cnvironment should remain constant, HReadings of
the thermometers could not, of course, he made at the instant the brass
piece was lowerad into. the calerimeter, but the following values were
abtamed by exterpolation from those given above.

Time Calorimetor Water-JacHel Heater
1.56 17.58 C I8.8°C .47C

The water in the calorimeter was now vigoroosly stirred, and readings
wire taken at half-minute intervals unti] the temperatoee Legan to fall, and
then at longer intervals, as follows:

Tlione Calorimetar Water-JacKel
1.5 04 N.06"C 18R

1.57 200,403 i3
1L.o7 4 A0 4W3 155

1,55 2) AN

1584 20,063 I8.&

158 A5

1 A1 O 1l | 4}
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The rme!um correction was estimated 111. Regnanlt's method (see e g,
Watson's “Text Book of Practical Physics,’ IgEZEﬂ]I, but, being found
to De less than 0.005°C, was neglected, The wucr equivilenis of calorim-
eter snd stirrer were found by multiplying their weights by the specific
heat of copper, viz., 00927, I{: witer ::qun alent af the thermometer was
tound by placing the calorimeter with its contained water in the pan of the
ha]a:we. Bolding the thermometer in & retort clamp, and immersing its balb
in the water to the same depth as when in nse. The apparent . In
weight of the calorimeter in grammes is then (Archimedes’ pnn-::,plﬁucquﬂl
to the volume of the immersed portion of the thermometer in cubic centi-
metres. This, multiplied by 045, the mean heat capacity in calories per ce.
of glass and of mereury, gives the required water equivalent. All weigh-
mgi were maile Lo l.ht: thenrest d:!t:].g‘fd.‘l:llﬂll: ot @ irlr :'..rlle. sinte closer
welghings would not increase the acouracy of the fina result

The foHowing summary gives the #xperimontal resalts and indicates.
the method of calenlation:

Weight of calorimeter,,, o e el i e e e e WL (L AT

o of stwcter,, .0 ihw i Al e L e 2402‘

44 of calorimeter, wrﬂ*r, nnrl WARBE . s o o 410 e e O

t of . “  with thermometer m-

L T e B P WP g AP R T S L R e SR B Ry e T e R 5&535
Weight ot brasg rest rlll‘.‘r."t R A IErar T 2SS e ‘.';%*
']emper:nure OT ARt o o s R oy e o S e A o

: of brass piece. e L T A A ?-b'-,#

" OECIRRREUTE o b wns AP et oeir bd ST MY W T T |
Weight of water=5646—( 1445 + 24.0)=. . . SO %
Water rqun;lmt of ealorimeter an ktlrrt-r—{l-ld.’i-ﬂﬂ}h{

RO T i o e i ek o B A 8 b AR e 1 P R st B

Water l:qun‘l.ifnt of fhérﬂ1m11ctﬁ'l‘—-{55';1--ﬂﬁ4ﬁ-1.l HOAS e D3E
Tatal water equwu!mt of ‘calorimeter and its contents==156

(0.3 + 396.1 = = , e e s ata e
Rise of témpernture oi et R T S R ZARC.
Fall in temperature of hrass=98.4=20.06=. . L | e TRMC

[fenice the specific héat of the brass pioce s

200 248

hay - L Ll |
B O TESE L

Two move experinents with the same piece of heass gave the following
resulis:

Expt. &, Expt. &
Welolhit of witer . ... TR . :EFr'H_.i-g.l .
Temperstum of wiater : HEA} &k 10.77 i
Temperalure of brass . ﬂ'.:.l 'E!.‘ 8.4 O
Temperature of mixture S b, N0 2240 CL
Spectfic heat of brass. o ; e OO 0 (K36
The three valoes obtained were thus:
Ex;.mr]mnhl 1 LR ]
Experihent- 2.0 oo G
Experiment 1. R
Mean. A L e U 0HE0

11. Specific Heat of a Liquid by the Method of Mixtures
(First Mathaoad)

The 1i|:tuid used in the following two experiments was aleohel pur-
chased as =08 per cent.” It replaced the water in the calorimeter in the
previois experiment. To determine 115 specific heat the litiss piece pre-
viously zzéd was heated in the steam heater snd lowered into the aleohal.
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The spevine heat of the igmd wis then determined from its tise in tem-

perature, using the value 00939 just found for the brass. The chief experi-

mental data were: :

Expt, 1. Expt. 2.
M’.r'g

Weight of aleohol wsed s IR B F;‘

Temperature of aleohol 18.787C. 14.82°C.
Temperiture of brass = BE.AC, a0 C.
Temperature of mixture 24 A47C, . 1aC.
Radigtion earmeetiom., . ..o DA, 0.4"C,
Corrected temperature of mixture < 24.61°C, 20.18°C,

The specific heat of the “95 per cenr” alcohel is hence, uwsing dita
obtained in Ex: I:
BR0X0.0080 3 (188 - 24.01 )
.51 — 10,98

Expt, L. E.hu{ :

‘Lmn+mn}+ﬁ15

=0, 4H
Expt. 2. S={0.638
Mean, 0

II1. Specific Heat of a Ligquid by Mixtures
{Second Method)

A liguid which would attack the calorimeter may be encloged in a
small bottle, warmed in the steam heater, and lowered bottle and all into
water in the calorimeter. A separate experiment gives the water eguiva-
]*“:h?}{] the bottle. The following experiment with mercury illustrates the
me ‘

{a.) Water Equfwa!em‘ of the Bottle.
Weight of water in the calorimeter., . ..... 315.7g.

Temperature of bottle...... iUy, ESE M. ¥ by
Initial temperature of water...... cuwavasva, JORETEN
Final temperatiire of waterl. i oiiaiiass 17.82*C.

Bamibon: cotrection ..veesransnvnssnesse IGE

Hence the water egquivalent of the bottle is
{16 94325 7T1{17.82 - 10.48%)

= 081,

(b.)] Specific Heat of Mercury,
Weight of water in calorimeter . ......... 300.6¢.
Weight of MeErturyY . oiiicviiiissnrinione SISO,
e perature Of T eT el v sahe s vnanssass - SEI5C

Initial temperature of ‘water. .. i v IAZC
Final temperature of water . .ov i rerees 2096%C,
Radiation eorteehion ... crvevereinesan: - OOIC,
Corrected final temperature.. . .....,..... 2099°C,

Henee the specific heat of mercury is

(15.0-+300.6) (20,00 —17 .42)
8.3 — 20,54

5:{ — 551 } + 9706 =0.0930

IV. Heat of Vaporization of Water

Using the apparatus set up as in Fig. 3, two experiments gave the
following data for the heat of vaporization of water. The weight of the
condensed water was found by carefully drying the condenser externally,
weighing it and the coulained water of condensation 1o a centigramime,
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Expr 1 Expt. 2.
Weight of condenssy .. .o ovics cis T e e 1 [ 139.845.
Water equivalent of condenser (139.84 % 0.0927)

_egmll N L Lo e e e S P S R £ 5 13.0g.
Weight of water in calorimeter............ i h o 08 5y 3734,
Wiight of wiiter condensed. . .. ....o0ii i 19 6. iﬁ.ﬁg ;
Temparatire of SEERE. ...l e e 99.0°C. 9&9'%_
Eniitig] temperature of water.......ovvrrisorinesss 17.10°C 15.22°C.
Ifinal tempeorature of water......... 0. .5., Ut s 43.42°C. J0.61°C.
Radiabon correction .......... - ARk e D 0.18°C,
Corrected: final temperature. ..ol oyl ey A3 e 0.79'C

The heat of vaporization according to Expt 1 is hence

(1504 18.0--405.5) (43,7217, 10) = 19.66109.0—~48.72)
s 15606

I =
= 582 cal./gm.
The result according to the second expeEriment is

L = 524 calllpm.

V. Heat of Fusion of Ice

The experiment i3 made by introducing s kaswn weight of drey ice
mto water m the calorimeter, and’ vigorously stirring the water until the
ice 18 entirely melted. It is best to wrap up a single smooth piece of jce
in severnl folds of filter peper to abzorh the surface-water, weigh the whole
t0 a centigram, slip the ice into calorimeter, and immediately weigh the
moist filter paper. The difference between the two weights gives the weight
af the dry ice,

The results of two experiments made in this way are given below.

Expt, 1. Hxpt. 2,
Weight of water in calorimeter i, vovivsrirroras 36500 383.3e.
Wetght ol dge addid . o, . i SR s e 15.65g.
[itial bemperature of Water.. . ..oviiviserinenne 23.15%C 18,547 C.
Final temperature of water.. ... T e (P 1862°C. 14.91*C,
Radiation corretBon oo oeieiiiiss coiaime e G 0.00°C.
Corrected Rnal SeRpPEPRIULE.  vovovsveoipnaren s ISGIC, 14.91°C,

The heat of fusion according to the first experiinent is henece
(500 0 (28, 16— 18, 89) =17 .héx 1R .69
L - L St LN L
Ly
wm TH:2 ecal g
and according to the second experiment

Li = ¥%:7 val,/rm.

¥1. Equivalence of Heat and Electrical Energy; the Electrical
Method of Finding the Mechanical Equivalent of Heat

This experiment tonsists in heating a known mass of water in the
calorimeter for a definite time by means of the electrical heating ¢oil
(C 1464}, noting the rise of tempernture, and noting - also any two of the
following three quantities: the current passing, the voltage at the terminals
of the coil. and the resistance of the eoil.  From these dits one may calen-
late the number of Joules of electric energy spent 1n the calarimeter, the
numhber of calorics of heat developed. and hence the number of joules
equivalent to a calorie
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It 15 necessary first to determing the water equivalent of the heating
coil by heating the coil in the steam heater and then proceeding as with
the bottle in I11. The coil may be thrust into the heater from below, so
that the bulb of a thermometer passing through the cork at the top may
lit inside the coil. The coil absorbs and gives up heat rather slowly; henge
it is well to keep it in the steam heater for about five minutes after the
thermometer hus ceased to rise. The coil is then withdrawn and quickly
dropped into the calorimeter. Two experiments made in this manner gave
68 @ and 66 g for the water eguivalent of one of the coils: The mean of
these values, vie, 6.7 g, i8 used in what follows.

The data nhtnineg i four experiments on the mechanical equivelent
of heat are given helow. The voltage at the ternvinals of the enil was 104
in each case. The resistance of the coil used was 93.3 ohme, so that the
rate at which encrgy wiay liberated in the calorimeter wos 1047593 Juu
1160 watts, or 1160 joules per second. The heating coil was allowed in
each cage to remain in the calorimeter throughout the experiment, the cur-
rent being turned on for a definite time. Readings of the tempernture in
the calorimeter were taken at ome-minute intervals for some time hefore
turning on the current, and were continned on breaking the circunit, for five
minutes after the temperatare began to fall, to enable the radintion cotrec-
tion to be estimated. The calenlation of the result of the first experiment
from the data given below is

L EER0 33 5 )

L B T a+0.7) (28 3h—1pa8) — 44 Joules per calorie

Hoe L. O Ex. 3, Ex. 4.
Water in  calorimeter,...... vos STATR. 34650, 300, 8¢, 313 50,
Initin] CEmPerature .. ..,vunen.. 15O 03200 ILES"C, 10.13°C.
Final' temperature ....ioo0.0 2808°C.  2246°C 2276°C. 1984 C.
Radiation correction ........,. Q27°C. 0130, (k247 C. 0.06°C.
Corrected. final temperature.... 2835°C. 2250°C, 2800°C. 1990°C.
Time of heating. ..o APTMERES: £ T J min 4 1min, 2 min.
Mechanical eguivalent .......,., 424 426 418 4.24

The megan of the four vilues obtained for the mechanical aquivalent
15 thus:
J= 423 joules per calarie,
=4 235107 ergs per calorie,

VII, Specific Heat of a Liquid by the Method of
Electrical Heating

From VI we fnd the rate at which beat is developed by the heating
coil to be 1160<4423=274 calories per second, Knowing this constant,
the specitic heat of a liguid may be determined by heating some of i1 in the
ealorimeter by means HL the heating codl, precisely as in VI, The follewing
data were obtained in an experiment with “935 per cent™ alcohol,

VWeight of slenhod: . i eecesininaiais v i 30 20
FORI] temDERATIDS s e d e s s e SRR
Final emperntars i v taehe s anvnans. PRI
Radiation eOrpection o« .. o eaapsas e (e9%C.
Cotrected Bnal Lempardbuce, i v s arias ey 202
Time of heating: .. ........ il i bhetr vere e ) REE,

Hence the specific heat of the aleohol is found to he:
i 27 4500 ST Tl Sprea b
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VIII, Specific Heat of a Liquid by the Method of Coocling

The arrangement of apparatus for this purpose is shown in Fig. 4. The
blackened inner vessel is held to the cover by the bayonet cateh, and is
immersed in water in the jacket vessel, the cover 'm:ilng held down by &
ring-shaped weight not shown in the cut. The nickeled cooling bottle is
partly filled with the liguid, closed by a perforated cork through which
passes a thermometer supporting the bottle. A second and larger per-
forated cork fits the hole in the cover, s0 that the bottle is held centrally
inside the bluckencd vessel. The liguid in the bottle is gently heated over
# burner until the thermometer indicates (say) 36° or .3?%2. The bottle is
then inserted in the blackened wvessel, and readings of the thermometer are
tuken -at intervals of (say) one minute until the temperature has fallen
perhaps ten or twelve degrees, Readings of the jacket temperature are also
made from time to time. A similar set of readings are then made with
warm water in the bottle,

The data given below were obtained in an experiment with “95 per
cent.” alcohol

Weight. of BORE. | . i dnnndsrss e mes PR, R a8.47g.
Water equivalent of bottle=73847 X 0092/ = ..... 3.5g
Water equivalent of thermomerer. ... eiveesivins Ddlgn

Weight of aleobol.. ... i .. e g FE R ve 2193
N e W L o O e e ATt 17.67g.

The following table gives the readings: the numbers in columns 6 and
7 tefer 10 Experiment [X below

Reading Alcohol Water Water
No. Hottle Javket Bottle Jagkel Smaoked Bottle Jacket
I 30,8357, B8R0, 37.056°0C
2 k50 3852 an.48
3 B ms 16 & .11 16.5 3504 15:6
I d5.41 a5, 70 SRl S L LA =
L et | 2867 B ) e AR
b 2795 " 95,4 W Ty ¢ O
30 .02 KN 2825 17.0 . [ 16,8
31 . 11 R 24,05 whrin % ()
h's DR i e E U LR S
N o, 6 27.85
H e - 27,48
35 =y bt e
50 T 27.10
37 R R . 20,92
s e h.TS 17.1
-1 o v 28,58
1) ey o,

Choosing for the purpose of calenlation the ten-degree range of tem-
perature from 36.50° to 26.50°, a simple interpolation from the readings
given above shows that the alcohol was st the formier temyperature at 170
min., and at the latter at 3233 min., or that it took the liquid 30.63 minutes
to cool through the specified ten degrees. Similarly, it 16 found that the
water cooled through the same ten degrees in 3736 minutes. Further, it
will be noted that the temperature of the jacket was, in the average, 0.15°
cooler in the case of the alecohol than in the case of the water, and that
this amounts to about 098 per cent. of the ﬂi’drﬁ..‘.}'c difference in tempera-
ture between the alcohol and the jacket. Hence, if the jacket temperatures
had heen the same as in the ¢ase of the water, the time of cooling of the
alcohol would have been, by Newton's law of cooling, 3063 X 10098 =
3003 minutes

Since the radiating surfaces and the temperatures were the eame with



witer and alcohol, the hoat given out per minute must be egual in the twao
eases.  Hence, if 8 represents the specific heat of alcohol, we -have:

1767+ 570,51 _ 21,068 +8.57+0.5

7.3 E 50,96
The specihic heat of the alcohol i thus found to be:
8 = (637

The experiment as carried out was evidently defective in that the ]':ﬂ.f.‘"r;tl‘
temperalires were not mare accurately detérmined: the thérmometer used
in the jacket should be as sensitive as the one in the hottle.

IX., Comparison of Radiation from a Polished and from a
BlacKkened Surface

In this experiment, the surface of the cooling bottle was lightly tov-
ered with lampblack by holding it for a moment in o smoky gas HBame, The
bottle was then filled with the same gquantity of water used i VILL heated
to nearly 40°C., inserted into the bqach-:ne-i inneér vessel as before, and
wemperature readings were taken each mindte until the temperature had
fiallen to 26°. These readings are given in columns 6and 7 in VIIL Inter-
polation shows that the temperature fell from 36.50° to 26.50° in 26.87 min-
utes. Correcting this, by Newton's law, to the jacket |emperatures,
abserved in the cage of water in the polished bottle n VIIL the time of
cooling under these conditions is found to be 2849 minutes. The radiation
heing inversely as the time of conbng, the radintion from the pelished sur-
face is to that from the hlackened surface as 2849 s to J7.36, or a3 1 is
ter 124,

X. Newton's Law of Cooling

Newton's law, that the rate of cooling of a body is proportianal to the
difference in temperiture hetween the body and its surroundings, has been
used-several times in what precedes. Thiz law only holds, even approxi-
mately, when the difference of témperatare is very small. The following
experiment shows the failure of the law at reiatively large temperature
differences

AD0YC. thermometer (C 843) was nscrted in a small quantity of hot
water in the smoled cooling bottle. The bottle was inserted intp the hlack-
eried thner vessel, as in VI and TX, and the temperature of the botile was
rend every mipute and of the jacket every two minutes for about an hour
A few of the readings are given below,

nt;:lﬂl Botile Jachet Difference I;:'::‘:':r Ratio
1 .4 17 ii2 L
2 2.0 ¥ Y48 L | | bl
3 e 17.3 e, 0 2:15 hE
4 =T 04 2. (5 HH
i o5 17.4 [ 1T L.t 30
in 5.1 18.0 6.1 1.20 98
) H2.4 sl 44 .4 [ an
a1 nl.8 18,1 +5.7 1.10) 40N
22 .7 4206 L. L il
a3 410 18.4 30,7 76 41
S 48] T a0 i 45
17 470 15,5 ! 1l 2
as 17 .10 LdL 28,5 %) 44
F 10,0 18,7 218 T 47
a2 A LN L 0,5 ) 32

Dl A 18,8 20.2 D 4
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The fanrth colomn contuns the dferences between borile Letipherit-
tres and jacker temperatures. The fall of hottle temperatiure pes mintte
1s i the Gfth column. The sixth colwmn gives the ratio of the numbers
m the fourth and Gith columns, which, acenrding to Neseton’s law. should
be constant.  The numbers in the gixth column, heing ratios of two differ-
cnees, are greatly affected by accidental errors, but the eneral npward
trend of the numbers, as the temperature difference grows less, is suificient
to show the fallure of Newton's law,

Price List

The prices given below are not subject to discount. No charge is made
for boxing on orders amounting to ten dollars or more,

Component Parts of the ““Studentia' Calorimeters

C 1451, Water Jacket, with felt lagging and wooden cover..........% 6.00
C 1452, Inner Vesel or Calorimeter, with wooden support.......... .75
e f L S g L R e st S NG LI S e W |
G 1855, Trpod Bod, 28 CABIRt. . v mris i s s Taives iy 200
C 1456. Boiler, with water iavie, ete, complete. ... ... R . L) |
C 1457, Steam Hearer, with felt lag@ing, ... iviiaimen civn s 300
G DINE CORAMABAT L.l &0 bl A S A e e s s DAy o S0
C 1459. Water Trap, for use with the condenser,....... ARy 50
C 1461 Inner Vessel, mrith BAnE ... o0iioi i clblieh oo i v dkiah s I i
C 1462, Nickeled Cooling Bottle. . ...... ... ... ... N Mo 1.00
C 14649, Blectrical Heating Cotl .. i iviiiinesvavmrssbaavisiadivme s 300

C 1466, Tubular Pieces of Metal for specific heat determinations
Aluminum, Brass, Copper, T.ead, Tron, Tin, and Zine
L e L R e Pl ey R |
C 1468, Special Calorimetric Thermometer, Jena Gilnss, 14 inches
long, scale [rom + 13°C. to 4+ 40°C, in 1/20% etchad on

L1 1y e P ol S RO I e e LT O LI |
C 1469, Same, with enclosed porcelain seale.. vy conerersnnssarss 150
C 2843, Thermoameter, Jena Glass, 11 inches lopg, svale from — 5° to

1 e R T R PR R e R T E 60
C B43a. Same, with enclosed porcelain scale. v v o vnvans B0

For other thermometors, see Cirenlar 331,

Studentia Calerimetric Combinations for Special Purpnlun
C 147). Studenti= Water-Jacketed Calorimeter, complete. . ..., .. $ 7.00
This comprises the following parts:

C 1451, Water-Jacket, with felt laggimg and  wooden

PR v wi ol R @ e B -----------5'5-W
C 1452, Innér Vessel, with Supporl. ....oovernyinises 75
Y e R L e P



C 1473, Studentia Apparatus for Specific Heat by Method of Mix-

C 1471,
C 1455,
C 1456,
C 1457,
C 1466,

C 1468,
C 843

tures, complete with Thermometers, etc..

I'his comprises the tollawing pares

Water-Jacketed Calorimeter, complets, ., ..., .. % 7.00
Tripod, Bod, and 'Collar.. .o veassanhensanis 200
Boller, with water goOMEC...vvivrirririvanss s 3.00
Steam  Heater, with felt gging... ..o 300

Two Pieces of Metal for specibic heat deter-
minattoms, 8 AW iuive e it gV o a2 1.00
Special Calorimeteric Thermometer in 1720°... 1,50
Two. Thermometers, & 006 ... .. i oo 120
$18.70

.. 318,70

C 1475, Studentia Apparatus for Heat of Vaporization, Complete

C 1471,
G 1455,
C 1456.
C 1458,
C 1459,
C 1468,
C B43,

C 1477. Studentia Cooling Calorimeter,
gLers

C 1451,
C 1461,
C 1462,
C 1468,

with Thermometers

This comprises the following parts

Water-Jacketed Calorimeter, complete.. .. .. % 7.00
Tripod, Rod, - aad ‘Collar. .. . :iicicieis i 200
Boiler, with water gangEe, ..o ieihorsnsssnnnr o
B Te T T e A R R e L LR e b
WALer TERD o ilaat e s panmnine L R e
Special Calorimetric Thermometer i1 1 ..’#.l PN K
Two Thermometers, o7 Ok, ..., PR e 120

$17.70

This comprises the following parts;

Water-Jacket, with felt cover nnd wooden 1op. .5 600

Inner Vessel, with Bim, ..cooviiieiiiiniiiiies 1.50
Nickeled Cooling Bottle, .. ....... R et 3 !
Two Special Calorimetric Thzrrrnmttcrﬁ e $1.50 3.60

$11.50

..317.70

conmplete with Tharmom-

$11.50

C 1480. Studentia Apparatus for Heat Equivalent of Electrical

C 1471,
C 1464,
C 1468,
C 843,

Energy, complete with Thermometers. .

This comprises the following parts

Water-Jacketed Calorimeter, complete. ., o.0 ... 8 700
Electrical ‘Heating Coil, . covineraeainvsvniias 3.00
Special Calorimetric Thermometer in | P § 1.50
ThermomMEET . ..rrevrrrrasas R etz yta W

. $12.10
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C 14835, Studentia Calorimeters, complete set, for Specific Hear hy
Mixtures and Cooling, Heats of Vaporization and Fusion
of Ice, Electrical Heat Equivalent, etc., including Ther- &
mmEttra 4 F A S FEFEFERTE S s F@ pededFradEd el A e |r|.||$231?ﬂ

This comprises the following parts:

C 1471, Water-Jacketed Calorimeter, complete.......... 8 7.00
C 1455, Tripod, Rod, and Collar. .......vvpavsvviisvans 500
C 1456, Poiler, with water gange. . :...0uvay PO BRI ¥ : ]
C 1457, Bteam Heater, with felt lapging......covvvvvve. 300
C 1458, Condenser ...... o0 e e ead
C 1459, Water Trap ......00. .0 A T e et
C 1461. Inner Vessel, with Rim... . ......... SRR
C 1462, Nickeled Cooling Bottle ........cccvvvvievire... 100
C 1464, Electrical Heating Colll ... oo ociviaiiai. 300
C 1466, Two Pleces of Metal, @ 30¢..........ccicv0ie. 100
C 1468. Twe Special Calorimetric Thermometers in
P el . 3 e R i T SO P 7
C 843. Two Thermometers, @ 60, ..o ivieaiiia. 120
$26.70

Porter's Fresnel's Biprism Apparatus

This consigts of a conveniently mounted, light-tight wooden box, aboui
26 inches long, having a simple slit at one end, an eyepiece at the other,
and ‘a built-up biprism with adjusting screw in the middle. The interfer-
ence fringes come into view when the instrinment 15 pointed toward the sky,
or toward a gas fame, and way be made very sharp and clear by turning
the adiusting screw, which serves to bring the prigm into paralleliam with
the sht,

€ 1500, Porter's Fresnel's Biprism Apparatos., ., .......coeee..-..5 950




Duty Free Importation

e

The customs dutfes on sclentific instruments of foreign manofacture range
from 45 to 60 per cent. The Tariff Act of 1897, however, permits scientifiic appara-
s to be imported free of duty for schools, colleges, and societies incorporsated for
evilucational or scientific purposes provided the apparatus is imported in good faith
for the use and by tho onder of the institutions, and not for sale, subject to certain
regulations prescribed by the Secretary of the Tressury, The Treasury regulations,
wlich are intended to guard against false entries, are somewhat ::-ulupl:cnlml il
inelude a tangle of red (ape which is exasperating to one who Is not in daily touch
with the Customs House,

If import orders are placed with Tug ScipsTiFic SHOP these annoyances
are horie by us, and but two Government papers reach-the customer, The first of
these is an oath stating that the apparatus is ordered for the sole nse of the
institution as {ts permanent property; the secomd is a receipt acknowledging
delivery of the apparatus. ‘These pupers are Lo be signed by one of the executive
otficers of the instiMiton or of its Boarl of Trustees,

Much expense s snved by placing import orders with THE SCIENTIFIC SHOP;
thiis for several reasons: Handling as we do the, entire foreign purchases of many
institutions, the volute of otir business enahles us to sceure low through freight
rates.  Our shipments come in'by weekly stesmers and it is nol anustal for one
consigument to be larger than the annunl purchases of any one institution, In
this way the entry fees and other fncidental expenses are divided among many
orders instemd of being horne by but one.  Most foreign mechaniciane list in their
catalogues many picces of apparatus tade by others, We study the sources of
sopply amd, when we are given liberty to do sa, we attempt to place the onlers
with the actual makers and thus give our custemers better prices, Our profits
come from trade discounts or commissions which are not granted to the consunier.

Our offices are within three minutes walk of the Custom House sind the
Appraisor's Stores 50 that we cun peﬁi:n.iliy oversee the examination of shipmeuts
of delicate instruments. All boxes from abroad are delivered to our shipping
room atd are there inspected avi if necessary repacked, Weare thus in a position
to guarantee delivery of bmported apparatus in good order.

We have in our files sowme hondreds of catalogues which cover the entire
field of foreign and domestic apparatus. These files are carefully indexed and
keépt up to date. The information in these catalogues is at the disposal of our
customers, and we shall be giad Lo quote prices on any &pparatus from any maker,

-
——

TRADE MARKS

Dur trade marks, “*Scientia’ and **Studentia’, are applied only to
apparatus of exceptional merit.



Foreign Physical Apparatus

Among the many I.’m*nm; instrument makers whose products are imported
by THE SCIESTIVIC S1oW, the following representative firms may be mentioned.

W. Apel

Georg Bartels
Hrin's Oxywen To.
Paul Bunge

Cambridge Belentific ITnstrument Co,

Dr. M. Th. Edelmann
Elliott Pros.

F. Eruecke .
R. Fueas

FPuul Gebhardt Sochoe
1. W. Giltay

¥, 0. R. Goetze

L. Golas

Sir Noward Grubl
Emil Gundelach
Philip Harrlz & Co.
Hartmann & Hraun A. G.
Hans Heele

H, Henaoldt & Soelme
W. C. Heracus

Jas. 1. Hicks

Adlam Hilger

Kedser and Sohmidl
Kelvin & Jas. White
o E*}Ip o Fanen
Fr. Klingelfuss & Cb,
Fritz Koehler

Rudolph Koendg's Successor

‘Max Kohl

A. Kruess

Leppin & Masche

E, Leybold's Nachfalger
Ed. Liesegang

. Lorear

1. B, Moeller
Muirhead & Co.
Richard Mueller-Urd
Nalder Bros, & Co.
Newton & Co.

| B&l"ﬂiﬂg

Fh. Pellin

Julius Peters
Pulsometer Hugineering Co.
Robert W. Paul

W. G, Pye & Co,

L. Relmann

Julés Richard

Cl. Riefler

Rubimer's Physical Laboratory
Gebr, Hohsirat

P, Sartorius

Franz Schmidt & Haeiisch
Schott & Genossen
Siemens & Halske

Societe Genevolse

Dir. Steeg & Reuter

C, A. Breinheil Sochne

7. B. Voss

] Wanschaff Sohin

W, Wataon & Sana
George Westphal

W. Wilson

Otte Wolf

Carl Zelss Optical Works
E. Zimmerman

-
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