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PREFACE

Ix the following pages the most important Calculations and
Formule connected with Hygiene and Vital Statistics are ex-
plained, and are illustrated by numerous Examples fully worked
out.

An explanation is also given of Logarithms and Logarithmic
Tables and of their use.

The methods usually adopted are shortly deseribed, so that the
Calculations which follow may more readily be understood.

In the Analysis of Foods, &c., details of laboratory fechnique
are omitted, as being outside the scope of the book,

The Examples are taken chiefly from records of practical
work, and some from Examination-papers.

Medical men and others working at Public Health, find it
inconvenient to consult several books on Mathematics, Chemistry?
&e., for Calculations which it is necessary for them te know, and
the details of which are not given in standard Text-books on
Hygiene. To them in particular I hope these pages will be
found useful.

Work done in various Laboratories—at Netley (honoured by
the names of Parkesand de Chaumont); King's College, London ;
the Jenner Institute; the University of Edinburgh ; &ec., and
experience gained in teaching Hygiene, and as a Medical Officer
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Density.

Mass is the amount of matter a body contains.

Weight expresses the force with which the mass of a body is
attracted to the earth by gmvlmtmn, and represents the mass of
the body weighed.

Mass is an invariable quantity, but weight varies with the force
of attraction and differs with the latitude of a place. For con-
venience the mass of a body is expressed in terms of weight.

Density is “ absolute ” and * relative.”

Absolute density is the mass of unit volume of a substance,
and is estimated by weighing a measured volume.

Relative density is the ratio of the mass of any volume of a
substance to the mass of an equal volume of another substance
taken as a standard. The standard usually taken for solids and
liquids is pure distilled water at 4° C. or 39° F.—its temperature
of maximum density, and the density of any substance relative to
waler is its specific gravity. In other words, its weight in air
divided by the weight of an equal volume of water at 4° C. or
39° F. expresses its specific gravity.

In Hygiene and Physics air is used as the standard for gases
instead of water, and the temperature 15.5° C. or 60° F.
is usually adopted for convenience, that being the degree of
warmth commonly met with in laboratories. It may be denoted
standard laboratory temperature, and the pressure of 760 mm, of
mercury or 3o in, is taken as the standard or normal pressure.
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“ Normal temperature and pressure,” written “N.T.P.,” means
o” C. or 32° F., and 760 mm. or 3o inches.

The mass of a body is directly proportional to its density and
volume : Absolute density x Volume = Mass.

Mass _ Weight (expressing mass)
Volume Volume

A gravimetric or quantitative analysis by weight estimates the
weight of the various substances a body contains,

A volumetric or quantitative analysis by volume determines
their respective volumes and is applicable to liquids and gases.
From the known volumes the weights can be calculated by the
laws of chemical equivalence.

In the metric system the unit of weight or mass is the gramme
and the unit of volume for solids and liquids is the cubic centimetre,
and for gases and vapours the litre or cubic decimetre.

The British units of weight and volume are the pound and grain,
and the cubic foot or cubic inch.

The gramme is (very nearly) the weight of 1 c.c. of distilled
waterat 4° C. and 760 mm. pressure. This system has the advan-
tage of expressing weight and measure at the same time, so that
1 c.c. represents the corresponding weight of water in grammes,
and the weight of 1 c.c. indicates both the density and specific
gravity of any substance. At temperatures of 15.5% C. or 60° F.,
mstead of at 4° C., the difference in weight is so insignificant that
the error may be neglected, except in very accurate estimations.

In the British system the pound and cubic foot have not the
convenient relation between the mass and bulk of water as in the
French system—now almost universal in scientific work. The
British units of mass and volume give different numbers expressing-
density and specific gravity, and are not directly convertible.

In chemical caleulations the unit of weight for gases and vapours
is the weight of a litre of dry hydrogen at o° C. and 760 mm.
(32° F.and 3o0in.). This is 0.08958, or shortly 0.0896 gramme.
The weight of 1 c.c. of hydrogen is therefore ;%4 of this, and is
equal to o0.000089g6 gramme, “ N.T.P.”

The cubic centimetre is too small a unit for estimating the
volume of gases, and weight per litre has the disadvantage of
expressing density in fractional parts of a gramme. 11.16 litres
are therefore used as the unit of volume for vapours and gases and
the densities are expressed as whole numbers.

The absolute density of a gas is the mass of 11.16 litres at
N.T.P. By Avogadro’s law: “The molecular weight in grammes
of any gas at o” and 760 mm, occupies a volume of 22.32 litres.”

One litre of hydrogen under normal conditions weighs o0.0896

.. Absolute density =
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gramme, therefore by the following equation we find the volume
of 1 gramme of hydrogen (N.T.P.) is 11.16 litres :

0.0896 : 1::1: 2, :¢=EIS-9~EH——II.16

and that of 2 grammes of hydrogen (N.T.P.) is 22.32 litres,
@.0800 2 :: F D@
x=22.32 litres.
The latter is known as the © gramme-molecular volume of hydro-
gen,” as it expresses the volume of its molecular weight in grammes,
“ Equal volumes of gases at the same temperature and pressure
contain the same number of molecules, and the masses or weights
of their molecules are in the same ratio as the densities of the
gases to which they belong” (Avogadro).
Therefore under normal conditions :

22.32 litres of hydrogen weigh 2z grammes.
2238 - o oxygen weigh 16 x 2 =32 grammes.
2 aa~ ., carbon dioxide weigh 22 x 2 = 44 grammes.

Therefore, if the molecular weight of any element or compound is
x, 22.32 litres of it will weigh » grammes.

The density of nearly all elements in the state of gas or vapour
corresponds to their atomic weights. Taking hydrogen as 1, the
vapour-density of oxygen is 3:— or 16, and that of CO,is i; = oo

The density of any gas, simple or compound, is half its molecular
weight. The weight of 1 litre of hydrogen under N.T.P. is
0.0896 gramme, and the weight of 1 litre of nitrogen under
similar conditions is 0.0896 x 14 (the atomic weight of nitrogen)

or 1.25 grammes. The weight of 1 litre of oxygen is 0.0896

- : 18
X 16 = 1.43 grammes. 1 litre of aqueous vapour weighs =

X 0.0896 =0.806 gramme, and 1 litre of UDE=%&XD.DSQG =

1.97 grammes. Air is 14.44 times heavier than hydrogen.
Alr contains approximately 21 per cent.of O and 79 per cent. N
by volume.

0. 21 x16= 336)
N. 79x14=1106]
100 X [ = 100 grammes per 1oo volumes of hydrogen.
.. I volume of air=14.42, 1 volume of H=1; ie., air is
14.4 times heavier,
and 1 litre of dry air under standard conditions weighs 0.0895 x
14.44=1.293 grammes (vide p. 4). If the weight of air is

1442 grammes per 1oo volumes of air.
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taken as the unit (as in Meteorology and Physics), the relative
weight or specific gravity of an equal volume of hydrogen is

14.44 times less than 1, and is equal to =0.0603.

I
- I 4‘44 - -
If the density of two gases or vapours relative to hydrogen is
known, the ratio between them can be caleculated at once.

44

Thus, the density of CO, to hydrogen is , Or 22, and that of

air is 14.44 ; therefore,

22
o ; 2 1444
Similarly the vapour density of water relative to air is first ex-

pressed in ¢ terms of hydrogen " and the ratio is then made ; thisis
L8

e S
Tk 0.623.

The molecular weight of a compound is the total weight of the
atoms in a molecule of it. It is ealculated from the chemical formula
by multiplying the atomie weight of each element in it by the num-
ber of atoms of that element and adding these numbers together,

ExawpLe.—Nitric anhydride is represented by N,0O,. The
atomic weight of N =14, O=16, and there are in the compound
2 and 5 atomsof each. Therefore 14 x 2+ 16 x 5=28 + 80 =108,
which is the molecular weight.

Sulphurie acid = H,80,.

. IX2+32+106x4=098, is the molecular weight.

Sodiurn sulphate = Na,80,.10H,0. Tts molecular weight is:
23%2+32+16%x4+10x%18=322.

Ozxulicacid: C,HO,.2HO: 12 x2+1x2+16%x4+18x2=126,
These parts by weight may be “ grammes,” * pounds” or “ grains.”

The percentage composition of each element is found by simple
proportion from the molecular weight :

Taking nitric anhydride :

The percentage amount of nitrogen and oxygen it contains is
calculated thus:

density of CO, : density of air : : 22 : 14.44, or as =1.52.

2800

108 : 100-:: 28 . :L—E — 25.9 nearly.
108 ;: 100 :: 80 : . @ = 74.1 approximately,
And 25.0+ 74.1 = 100.
Oxalie acid : C=19.0 per cent.
H=or 8 -
D=196.2

100.0 (grammes or grains),
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A chemical equation expresses the results of chemical action and
indicates the parts by weight of the molecule or molecules of each
substance employed in the reaction.

The weights may be of any system, but must be of the same
nature throughout the equation,

Atoms do not exist as such in the free state, but are in combina-
tion to form one or more molecules. Mercury is an exception,
its molecule consists of one atom only,

Thus :
80, + e HO = HBEB0 4 2HI,
‘.ﬁﬂ”ﬁ;‘ﬁcmm)+(H':?if;’55§ﬂt}+{ e Lo T (e

If 10 grains of H,S0, are required, how many grains of SO,
and I, would be needed ?

6
gf i 10 i 04 X = -;; =0 53 grains (nearly) of E:'n(}!.

zg;oz 26 grains (nearly) of iodine.
2HgO == 2Hg + 0,

(2 molecules = 432) = (1 !nniecu]e—.mo}+{1 molecule = 32)

How much oxygen will 5 grammes of HgO yield ?

g e g @ =0.37 gramme of oxygen.

In caleulations of the volumes of gas formed by chemical com-
bination the relations between molecular weight and volume of
the respective gases must be known. One molecule of a gas under
N.T.P. occupies the same volume as one molecule or two atoms of
hydrogen—i.e., 1 volume or 22.32 litres, which is the gramme-
molecular volume expressing both weight and volume.

The volume of the gas in the last example is easily caleulated
from the equation : the gramme-molecular volume O, at N.T.P.

is 22.32 litres, and 432 grammes of HgO yield that volume as
per equation.

gEirg il ix. o=

111.6 :
Therefore: 432:5::22.32:2. == el E 0.258 litre of oxygen.
The molecule of a gas occupies 1 volume at o C. and 760 mm.
and each gramme-molecule is 22.32 litres, but the volume alters
with change of temperature.
Changes of Volume and Temperature, Pressure remain-
ing the same.—By Charles’ or Gay-Lussac’s law the volume of gas

at constant pressure expands or contracts —{ 0.003665) of its

273
volume at o° C. for each increase or decrease of 1° C.

In the Fahrenheit scale gases at 32° F. increase or diminish
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_(459+T,)x V,
459+ T,
ExampLE.— What volume will 128 cub. in. of nitrogen measured
at 32° F. occupy at 122° F. (constant pressure)?

128 _ 459+32 _ . 4 cubic inches.
V, 459+122
To Correct the Volume of a Gas for Normal Temperature.

Let V, =observed volume of the gas
'I}l = observed temperature of the gas. T=0" C.

. V,=volume at o° C.

= E_E?EFF-']"'
V,_ 273+0°
i _273x V,
V(73 +T)=275x Y, ~Ixh

Exaypre.—Find the volume which 147.8 c.c. of a gas originally
measured at 50° C. will occupy when the temperature falls to
a® C.

"‘.TI=2";3 X 147.8 _
133 59
W 491 +(T,—32) 1
== out T, =
V, 491 +(1, - 32)

V., 491 +(T, - 3_2_}24_5g+'1‘,

124.9 C.C.

Fahrenheit scale : = g2’

- | B
SV d91i0” 491
v. =491 X V,
459 +'1,

ExampLE.—Calculate the volume which 147.8 cubie inches of a
gas measured at r22° F. will occupy at normal temperature,
pressure remaining unaltered.

— B RN Sr470 - 401X 1478

Bomgs™ W W = i3 oriz: 124.9 cb. in,

The density of a gas varies inversely as the absolute tempera-
ture if pressure remains unaltered.

Let D, and D, be the densities at temperatures T, and T.,.

213t
"D, 273471/

ExampLE.—At what temperature will air having a density of
14.44 (rela.twe to h}rdmgan as 1) be of the same density as oxygen
at o U. or 32° F., pressure being constant ?
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In the Fahrenheit scale :

Let V, = 1000 cubie inches.
V,=V, = volume at normal pressure,
P, = 29.2 inches,
P, = 30 inches,

1000 _ 30
W 2oz
X 20.2 e
hi mmsn 22 973.3 cubic inches.
Under constant Temperature Density varies directly
as Pressure.—The ratio is expressed thus : E (25 %_

2 4
We have already seen that density varies inversely as the
absolute temperature if pressure is constant, the ratio being :

eyl
D, 273+ T,
ExamprLe.—The density of air at 760 mm. pressure is 14.44, at
what pressure will it equal that of normal oxygen ?

D =1444. D,=16. P,=760. P, is to be calculated.

14.44_'}'60.
SRl P,
16 x 76
. = I E:“=34,2.1 mm,
14.44

Expressing pressure in inches of mercury instead of as milli-
metres, the same example becomes :

14.44 30 i
— -21_“;' P!=33 2 inches,

: P :
By Boyle's and Mariotte’s law : ;;:T' =I—,’ (p. 10), and as density
2 1
A ol e | i 1o e T,
varies directly as pressure P D) therefore i i.e.
temperature remaining constant, volume varies inversely as
density, and vice versd density varies inversely as volume.
EXAMPLE.—250.4 volumes of nitrogen have a density of 14.

Find the volume when the pressure is diminished and the density
becomes 12.

V,=250.4 D.=14
V, is to be found. Dy=12.
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To Correct for Normal Temperature and Pressure
simultaneously.—The above formul® are only modified.
Let V,=V =volume at N.T.P.
=00, ar 32" F.
and 273+ T,=273+0"° C.
and 459+ T, =459+ 32" F.=491.
P,=P, =760 mm. (C.”), or 30 inches (F.°).

‘ "‘F, {2?3+Tl) ?ﬁa
= e for Centigrade.
__'Eié_. P
vusv]}‘:z?_3+!lt ?6Q+
..V, (459+T) 30 (459+T)) 30
For Fahrenheit : A ={459+32} X P| =—;F‘)I— b4 P
vuzvl 491 e 1 I'
459 +T, " 30

ExamprLe.—Find the volume which 500 e.c. of a dry gas or
vapour measured at 15° C. and 750 mm. pressure will occupy at
normal temperature and pressure,

5::::: (273 + 15) 769
~{273+0) " 750

pE S 299 50
V,= T ?ﬁu—;;ﬁ;.r;r'cc

The same example converted into the Fahrenheit scale of tem-
perature and inches of pressure, and taking the original volume as
equal to 500.cubic inches, gives:

15° C.=59° F. and 750 mm.=29.6 inches.

500 _(459+59)
V. (4590+32) 29 6

" 5%?34-9—1 % 3; g = 467.6 cubic inches.

Sometimes the Fahrenheit scale is used for temperature, and the
metric system for pressure, so that the problem may be :

Find the volume under N.T.P. of 1 cubic foot of dry air
measured at 60° F. and 730 mm. pressure.

Without converting 730 mm. into inches :

V, _760 (459+ 60) 1 760 519
e 3 o :-.:
~ 730 (459+32) ° V, 730 491



14 CALCULATIONS IN HYGIENE

730 491x1
P
760 519
If the normal pressure is to be expressed as 3o inches and not
as 760 mm., then 730 mm. must be converted into inches
thus: 760 : 730 :: 30 : .

V.= = 0.908 cubic foot.

x=28.8.
28.8 401 X1 .
. V,= X = 0.9o8 cubic foot (as before).
3o 519

To Find the Weight of a given Volume of Gas at a given
Temperature and Pressure.
(1) Find the volume corrected for N.T.P.

Let W =required weight.
V, = original volume, V, = required volume.
P, = original pressure, P, =required pressure (normal).
T, = original temperature, T, = required temperature=o- C.
CENTIGRADE SCALE :
T ;_]_?l x??ﬁ‘{vl
2" 260 273+ T,
(2) Multiply the * corrected” volume by the weight of 1 litre
(unit volume) at N.T.F.
ExasprLe.—Find the weight of 1 litre of dry air at 15° C. and
730 ILIn. pressure.

: 730 293 X1 :
(r) V,=1 litre. V,= 760 {2?3+]5)—n.gt litre.

(2) 1 litre of dry air N.T.P. = 1.293 grammes:

I:0.9I::1.293:x=0.9I X 1,293 = I.176 grammes.

FAHRENHEIT SCALE :

491 x“i.i’

T -_I R i)
(1) Vi=20% 450+ T

(2) Multiply the result by the weight of 1 cubic foot (unit
volume) at N.T.P
Exampre. —Calculate the weight of 1 cubic foot of dry air at
75  F. and 29 inches pressure.
1 cubic foot of dry air at N.T.P. = 567 grains (approximately).

=S dta - -
s 534 X 567 =503.96 grains,

ExaypLe.—Find the weight of 1 cubic foot of CO,at 62° F. and
28.5 inches pressure,
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285 (450+32) X 1
(0 Va="30 % "G5 +62)
(2) To express the weight of CO, in terms of dry air relative to
hydrogen.
Weight of 1 cubic foot, CO, 22
Weight of 1 cubic foot of dry air ~ 14.44

.*. Weight of 1 cubic foot CO,=weight of 1 cubic foot of dry
air x 1.52.

Weight of 1 cubic foot of dry air = 567 grains approximately.

.. Weight of 1 cubic foot CO,= 567 x 1.52 grains.

*. 0.89 cubic foot CO,=0.89 x 567 x 1.52=767.0376 grains.

= 0.8¢9 cubic foot, CO,.

I1.52.

Mixture of Gases and Vapours.—By Dalton’s law, if several
gases or vapours are enclosed in the same space, each one exerts
the same pressure as it would if the others were absent. This
“ partial pressure” is known as ¢ vapour tension,” “ elastic force,”
or ““force of expansion.” The total pressure, or weight, of a
mixture of gases and vapours is the sum of the partial pressures or
weights. There is a limit to the quantity of vapour which can be
formed at a given temperature, and both the vapouritself and the
space containing it are said to be “ saturated” when this limit is
reached. The vapour is then at “ maximum tension ” and * maxi-
mum density.” The vessel containing a mixture of gases has a
uniform pressure at all points of its surface. The pressure of a
vapour in contact with its own liquid is the same for the same
temperature.

ExaupLeE.—100 volumes of pure dry air at a pressure of 760 mm.
contain :

Oxygen : ; . 20.94 parts
Nitrogen . : CRRE [ A
Hydrogen . . R
Carbon dioxide . o el

Find the partial pressure of each.

__ 760 x 20.94

Uxygen: 100 : 760 :: 20.94 : &, 2: = 150.144 mm,
100

Similarly Nitrogen = (i 6oo 4 mm,

6o x 0.02
Hydrogen = "'ﬁ— = 0,152 mm.

-60:::::-.::-4
00,=120%0°0%4_ :
- - 0.304 mm
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If the gas contains moisture (i.e., water vapour) and the volume
is to be calculated under normal conditions : *

Let p= pressure of aqueous vapour
| »» the moist gas (gas and vapour)
O P‘_P= 1 LTI T dI‘_}" gas.
: (P-p)x273xV
The formulais V, = 2= . It corrects the volume
* 760x%x(273+7)
of a gas for temperature, pressure, and aqueous vapour.

ExampLe.—The observed volume of gas and water-vapour is
68.6 c.c., the height of the barometer is 738.5 mm. and the tem-
perature is 15.0° C. Find the volume under normal conditions.

It is necessary in all cases to ascertain by Vapour-tension tables
(¢-g-, Regnault’s) the maximum tension (i.., pressure) of the
aqueous vapour present at this temperature,

It is found that this pressure at 15° C.=12.7 mm. Hence we
have: V=68.6cc. P=738.5 mm. p=129 mm,

The true pressure of the dry gas is 738.5 — 12.7 =725.8 mm.

LV 725.8 x 273 x 68.6

T AT nbox (293 HIE)

For the Fahrenheit scale the formula is;
- AE=p) a3 x N

*="30 {459 +T)
Exavrre.—Find the volume which 1 cubic foot of moist air at
60” F. and 29.5 inches pressure will occupy under N.T.P.
The maximum tension or pressure of aqueous vapour at 60 F.

and 29.5 inches = o0.52 inch,

. (29.5 —0.52) X 491 X 1
Vo=
; 30 % (459 +60)

Absorption of Gases in Liguids having no Chemical
Action on them.—The volume of gas dissolved is constant for
the same temperature at (approximately) all pressures ; the weight
of the dissolved gas is directly proportional to the pressure.
(Dalton’s and Henry's law.)

The ratio of the volume of gas dissolved to the unit volume of
water (or any other liquid) which dissolves it is, under certain fixed
conditions of temperature and pressure, a fixed and definite
quantity, and is called the ‘ coefficient of absorption” of the
body for that particular gas.

The coeflicient of absorption is the volume of gas at N.T.P.
which is taken up by 1 e.c. of a liquid at the same pressure.

=02.1 c.C.

= 0.914 cubic foot.

* Vide p. 13.
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The coeflicient of solubility is the ratio of the amount of gas in
unit volume above, and in, the liquid.

Increase of temperature diminishes the coeflicient of solubility,
At the boiling-point it is equal to zero. In a mixture of two or
move gases in contact with water (or any liquid) each gas will be
dissolved to the same extent as if it were the only gas present.

Solutions.—A normal solution contains the hydrogen-equiva-
lent of the substance in grammes dissolved in 1 litre of water at
15.5° C. or 60° F.

The “hydrogen-equivalent” of a reagent is its weight in grammes,
which is ehemically equivalent to 1 gramme of hydrogen.

The normal solution of a monovalent body contains its molecular
weight in grammes per litre.

F.g., the normal solution of NaHO =23+ 1+ 16 =40 grammes
per litre ; of HCl =1 + 35.5 = 36.5 grammes per litre.

In a divalent reagent the normal solution has A«lf the molecular
weight of the substance per litre, and in a trivalent body one-
third of the molecular weight, e.g. :

Normal solution of barium hydrate =

Baz(HO) - 137 +2 x (1 +16)
2 2

= 85.5 grammes per litre (divalent).

C,HO,+2HO 126

2 2

Of hydrated oxalic acid = =063 grammes per

litre,
Normal solution of sodium phosphate (trivalent)

_Na,HPO,+12HO 358
. o 3

In normal solutions 1 c.c. of any acid of whatever ¢ valency”
corresponds to 1 c.c. of any alkali.
A solution of half, {%;, 145 &c., the normal strength is a

N
% semi-" ( E)’ “ deci-"’ (-1—0) or “centi-normal ” ( %) solution.

¢ Standard solutions” other than “normal” may be made of any
required strength without reference to valency.

If a solution is not of standard or normal strength it is titrated
with one of standard strength and the *factor for correction”
caleulated.

ExaMpLE —20 ce. “normal” alkaline solution required
18.6 c.c. of the acid solution instead of 20 c.c. The alkaline
standard being of proper strength proves the acid solution to
be weaker than normal, and the factor for correcting the latter
is ealculated thus:

= 119.3 grammes per litre,

B






CHAPTER II.
SPECIFIC GRAVITY.

Tue caleulation is based on the principle of Archimedes, that every
body immersed in water or any fluid is subjected to an upward
pressure equal to the weight of the liquid displaced by the body.
There is a loss of weight equal to that of the displaced liquid.
Two forces influence the body :

(a) One equal to its weight acting at the centre of gravity and
tending to depress it.

(8) The other at its centre of buoyancy tending to raise it.

I. To Determine the Specific Gravity of a Solid.

1. HEAVIER THAN AND INSOLUBLE IN WATER., A.—(a) Weighit in
air in a chemical balance in the ordinary way. (b) Suspend it by
a very fine fibre (the weight of which may be neglected or
estimated) from the hook of the balance-arm without removing
the scale-pan, or from the hook beneath the pan, the substance
being immersed in pure distilled water at 4° C., or more usually at
15.5 C., the ordinary temperature of a laboratory. Air-bubbles
on the surface are to be brushed off gently. Air in the interior
of a porous substance is removed by the air-pump or by boiling
during immersion.

Weigh the substance a second time. The difference between
this and the first weight in air is the loss of weight in water.,

Weight in air
] . 7] : = 8, o7,
Loss of weight in water at 4° C, °p- 81
(or weight of an equal volume of water),

E.g., Weight in air= 136 grammes,
3y Water=121 ”

Loss of weight in water=136 — 121 = 15 grammes,
LI 9.06 =sp. gr., or * density rclative to water.”
15
Similarly for grain-weights,
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B. By Nicholson’s hydrometer (constant immersion). A weight
of 100 grammes placed on the tray (Fig. 1) sinks the instrument to
the zero mark when it is immersed in distilled water, i.e., weight of
instrument + roo grammes=weight of water displaced. The
body of which the sp. gr. is to be estimated must be insoluble in
water, and its weight less than 100 grammes and heavier than
that of an equal bulk of water, so that it will sink,

(1) Place the body on the tray and add weights till the instru-

ment sinks to zero, FK.g., 55 grammes must

be added ... weight of body in air= 100 - 55=
45 grammes,

(2) Place the body in the ¢ basket,” under
water, and add additional weights to those

already in the tray until the instrument sinks

B
rd again to the zero mark. ZF.g., 34 grammes
are added. This is equivalent to the weight
of water displaced by the solid.
.1 45
. 8p. gr. of solid=—==1.3.
Sp. gr. of solic 34~ 13
It can also be used for estimating the sp. gr.
T7a of a liquid denser than water: Let the instru-

ment be placed in the liquid to be tested;
add weights on the tray till the zero level is
reached, e.g., 65 grammes,

Let the weight of the instrument itself =

gi Eﬁ 120 gramines,
120+ 65 183

P BT of liquid =

=0.84.

e oL 120+ 100 220

2, Tue Bopy 18 LIGHTER THAN AND INSOLUBLE
1N Warer.—A “sinker” is used to keep the body under water.
The weight of the sinker in air need not be known, but its
weight in water must be ascertained and also that of any wire,

&e., connecting it with the solid when under water,

Let S, = weight of the solid in air.
B, = 4 3 3o Sinker in water.
Sy, = ww s solid and sinker together in water.

The combined weights of both in water will be less than that of
the sinker in water by itself, owing to the force of buoyancy tending
to lift the body and sinker. This force is equal to s, minus Ss,.

.. the weight of the liquid displaced, or the loss of weight in
water = (8, +8,) — Bs,.
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ExamrrLe.— Weight of the body in air = 48 grains,
5 ,» sinker in water = 123 grains,
,» 1n water of body and =;mke1 = Q4 g1ains,
So Bp. gr. = — L G =0.623 (water=1).

3. THE SoLiD 1s HEAVIER THAN WATER AND SOLUBLE IN IT.—
The body is weighed in air and then in a fluid which will not
dissolve it, and the specific gravity of which 1s known,

Let W, =weight of solid in air (e.g. = 7.42 granmes).

Wa— " liquid (= 4.34 gmmmea)
y =8p. g; of this liquid relative to water (= o0.70).

i

". Sp. gr. of solid relative to the lic uid = WE_{{__

[+ g {

To express this relative to water : B, ghiok the liuid _y y
Sp. gr. of water |
W,

W,-wW. 7

. Sp. gr. of the solid relative to water =

142
7-42 — 4.34
4. THE SUBSTANCE 1S HEAVIER THAN AND INSOLUBLE IN WATER.
— By the specific gravity bottle. A specific gravity bottle usually
has engraved on it the weight of distilled water it can contain at
standard temperature (15.5° C. or 60° F.) when filled up to a
certain mark and properly stoppered.
An attached thermometer indicates the temperature of the
contents,

The weight of the powdered substance being known, it is
poured in,

Add distilled water to the powder already in the bottle, boil,
and fill up to the mark with freshly boiled distilled water.

Weigh again at standard temperature.

Let W =weight of distilled water at standard temperature

(e.9. = 50 grammes).
Let P =weight of dry powder (== 14 grammes).
P,= , . powder+ water (= 56.8 grammes),

14
@E4E5e) =68 AT

%070 =1.83

. Sp. gr, of powder =
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5. The “specific gravity tube”—Sprengel’s (Fig. z) or Per-
kin’s. One of the capillary tubes forming an “arm” has a mark
etched on it indicating the point to which the liquid reaches. The
other arm ends in a fine aperture through which the fluid to be
tested is drawn by suction. Small glass caps are used to close the
tubes and prevent evaporation. By means of a fine platinum
wire of known weight the specific-gravity tube is suspended from
the arm of the balance without removing the weighing-pan.

I'1G. 2.—8prengel’s Specifie Lravity Tube. Fic. 3.—Hare's Apparatus.

Let the weight of the empty U-tube (clean and dry)=10.398
grammes. Fill it with distilled water a little beyond the mark
and warm the contents in a beaker of water at 15.5° C. Draw
off the superfluous water with blotting-paper till the water is level
with the mark. Dry, and weigh the tube and the contained water.
Let this= 15.486 grammes.

Empty the tube of water, dry it in the air-bath, cool, and then
fill it as before with the fluid to be tested. Weigh as before.
Let this weight = 14.563 grammes,

14.563 = 10.398 _4.165
15.486 - 10.398 5.088

This method is preferable to the sp. gr. bottle for temperatures

above that of the atmosphere, and for liquids less dense than water
—e.g., alcohol.

Sp. gravity of fluid =

0.818,
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6. Hare's apparatus; air is drawn out by the central tubing
and the liquids rise in each tube.

o

%1 0-8033

5 PR FRrEH N

rklllJi“_'

Wistphal Balance,

I'1G. 4.

ki

TRTR i rEw st S B T

)
L

height of the column of liquid.
yy Water.

==
3
Il

1 L 1

. Sp. gr. = gw

As the heights of two columns of liquid in equilibrium are
inversely as their specific gravities, the heavier liquid has the
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shorter column and the greater sp. gr., the scales being marked in
opposite directions to indieate this,
7. The specific gravity balance of Westphal (Fig. 4) or Saitorius
Fig. ).
( *ﬁhesi}ﬂummet is immersed in the liquid at a known temperature
(r5.5° C. or 60 F.), and the riders are applied on the graduated
arm till a perfect balance is obtained. The scale can be adjusted
to the fourth decimal, and gives the sp. gr. relative to water as 1.
8. By hydrometm's of variable immersion.

Fi1g. 5.—Sartorins’ Balance,

Twaddell’s (Fig. 6) is usually used in Britain for liquids denser
than water. The divisions are at distances corresponding to equal
differences of density and are not of the same length. The
temperature of the liquid is to be 15.5° C. or 60° F.

The number of degrees read off multiplied by 5 and added
to 1000 gives the sp. gr. relative to water as 1000. Thus *‘23.5"
being the indicated reading :

Sp. gr. of liquid = (23.5 % 5) + 1000
=117.5+1c00=1117.5.

If water is taken as 1, this becomes 1.1175.
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Baumé’s Hygrometers.—(«) For LIQUIDS DENSER THAN WATER
(‘* salimeter 7). The zero is at the top of the scale and is the point
to which the instrument sinks in distilled water at 15.5° C. or
60" F.=1.0008p. gr. 10°=1.078,20° =1.161,30° =1.263, 40" =
T-385, 50" =1.832 60" =1.714,70" =1.946 8p. gr.

(/3) For LIQUIDS LESS DENSE THAN WATER (* alco-
holimeter ”). The zero is at the bottom of the
scale, and indicates a mixture of 10 parts by
weight of salt and go parts by weight of water.

10° is the level in distilled water at 15.5° C.
(60° F.)=1.000 8p. gr. 20°=0.928, 26° =0.892,
30° =0.871, 36° =0.837, 40° = 0.817,50° = 0.761,
60° =o0.706 sp. gr.

II. To Find the Specific Gravity of a
Liquid relative to Water.

(1) By using a solid of known weight insoluble
in either of the fluids.

A metal ball or plummet is taken and weighed :

(«) In air (e.g.= 118.7 grains).
at 60° F.

- -, L

. )
ISR FFFE B 21 r Irre

(b) In distilled water (= 75.3 grains).
(¢) In the liquid itself ( = 62.4 grains).
118.7 — 62.4 = weight of liquid displaced by the

ball.

118.7-75.3= , , water 2 "

ball.
. Sp. gr. of the liquid="1>7 624 _
118.7 - 75.3 ! = |
(2) By the specific gravity bottle for liquids. 5 ”3’,?.};{,11:;?:_"” -

Let weight of empty bottle =25.623 grains.
» » bottle 4 distilled water at 15.5° C. = 78.658 grains,
» 9 » +liquid at 15.5° C.=67.581 grains.
67.581 — 25.623 =41.958 = weight of liquid.
78.658 — 25.623 =53.035= ,, ,, water.
41.958
53.935

. Bp. gr. of liquid= =0.791.
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METEOROLOGY.,

To Calculate the Weight of Aqueous Vapour or ‘ Mois-
ture’” present in a Mixture of Air and Vapour at a
given Temperature and Pressure.

1. Find the weight of the same volume of dry air corrected for
N.T.P. under similar conditions of temperature and pressure.

2. Multiply the result by the specific gravity or relative density
of the vapour, air being taken as unity. This is as 0.623 to 1.
If the pressure is not stated it must be ascertained from a Table
of Pressures (or * Tensions”) of Aqueous Vapour (Regnault’s).
Opposite each degree and tenth of a degree C. is given the maxi-
mum tension in mm. of mercury. This is read off for the given
temperature,

ExamprLE.—Calculate the weight of 1 litre of aqueous vapour at
15.5° L.

5(?] V,=1 litre. V, is to be calculated. P, is found from the
Table of Vapour Tensions (p. 27). Opposite “ 15.5 C.” is “ 13.1,”
i.e. = maximum pressure of aqueous vapour at that temperature.

Let W =weight of 1 litre of dry air at 15.5° corrected for
N.T.P. 1 litre of dry air at N.T.P. weighs 1.293 grammes.

SO SRR S 1.293=0.016 X 1.293=0.0207
760 % (273 + 15.5) gramme,

(2) 0.0207 x 0.623 =0.0128961 gramme =weight of 1 litre of
aqueous vapour at 15.5° C. and 13.1 mm. pressure.

If the Table of Vapour Tensions expresses Temperature and
Pressure only in C.° and mm. and the equivalents are required in
F.? and inches, the conversion to the latter is easily made. For
temperature, as already indicated (pp. 2, 3); and for pressure as
follows :

1 millimetre = 0.03937 inch

. “Tension in millimetres of mercury ” x 0.03937 =Tension in
inches of mercury (i.e., *‘ pressure”).
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ExampLE.—r15.5" C.=13.1 mm. (Regnault). To convert to I'.'
and inches :

155 _F-32

5 0

and 13.1 X 0.03937 =0.515747 inch.
=0.516 inch (nearly).

“15.5° C. and 13.1 mm.” correspond to 60° F. and o0.516
inch.

ExamprLE.—Find the weight of 2 cubic feet of agueous vapour
at 60.8° F.
Pressure not being given, it is found from an Aqueous Vapour-
Tension Table :
60.8° F.=o0.5315 inch (= maximum pressure).
(1) Find the weight of an equal volume of dry air, denoted by
“W.” 1 ch. ft. of dry air at N.T.P. weighs 567 grains.
_ 95315 x (459 + 32) X
30 X (459 + 60.8)
_ 0.53I5X 491X 2
S 1.8
(2) 18.9 x relative density (or weight) of aqueous vapour=18.9
x 0.623 = 11.77 grains, the required weight of aqueous vapour.

F=59.9 or 60° (nearl:).

% x 567 grains,

x 567 = 18.9 grains,

Pressure, Tension, or Elastic Force of Aqueous Vapour
from o° to 30° C.
In mm. of mercury.

| €. Mm. c. Mm. | C’. Mm. | ', Mm. | C. M.
Do Bl s .2 | 13.0...11.2 | 10.5...10.0 | 26.0...25{:
| ©.5.::4.8 | 70.. 7.5 | 13.5...11.5 | 20.0...17.4 | 26.5...25.7 |
BNt e e 5.8 | 14.0...T1T.9 | 20.5...17.9 | 27.0...26.5 |
e So | 14.5...123 | 21.0...18.5 | 27.5...27.3
s e 82 | xc0...12.7 | 21.5...19.1 | 28.0...28.1 |
R e o 86| 15.5...13.1 | 22.0...10.7 | 28.5...28.9 |
B eig s 80 | 16.0...13.5 | 22.5:..20.3 | 20.0 ..29.8 |
SRR NTOiD... 0.2 | 16.5...14.0 | 23.0...20.0 | 20.5...30.7 |
RO by 0.8 | I7.0...14.4 | 23.5...2L.5 | 30.0...31.8 |
R0 1 11.0... 0.8 | 17.5...14.9 | 24.0...22.2 |

5.0...6.5 | I1.5...10.1 | 18.0...15.4 | 24.5...22.9
§:5---0.8 | 12.0...10.5 | 18.5...15.8 | 25.0 . 23.5
o el e .. 108 | 19.0...16.3 | 25.5...24.3 |
I I |
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Pressure, Tension, or Elastic Force of Aqueous Vapour
from 32° to go°F.
In inches of mercury.

|
F. Itl{:lles.l F*. In(:hua.l. il gt ]m;hes.! F*. Inches. F*. Inches. |

e ————

f |

32...0.181 | 44...0.288 | 56...0.449 | 68...0.684 | Bo...1.023
33...0.188 | 45...0.299 | 57...0.465 | 69...0.708 | 81...1.057
34...0.196 | 46...0.311 | 58...0.482 | 70...0733 | 82...1.002
35...0.204 | 47...0.323 | §9.--0.500 | 7I...0.750 |"Ssy oS
36...0.212 | 48...0.335 | 60...0.518 | y2...0.785 | 84...1.36%
37...0.220 | 49...0.348 | 61...0.537 | 73-.-0:812 | BT ans
38...0.229 | 50...0.361 | 62...0.556 | 74...0.840 | 86...1.242
30...9.238 | 51...0.374 | 63...0.876 | 75...0.868 | By ... 57.28=2
40...0.247 | 52...0.388 | 64...0.596 | 76...0.807 | 88...1.323
41...0.25%7 | §3...0.403 | 65...0.61% | 77..-0.027 | 89...1.366
42...0.267 | 54...0.418 | 66...0.639 | 78...0.958 | go...1.410
43---0.277 | 55...0.433 | 67...0.661 | 79...0.990

| |
| |

e e—————

Tensions at intermediate temperatures are approximately caleu-
lated by taking the Arithmetical Mean of the tensions given in the

table, at temperatures immediately above and below the given
temperature.

ExampLE.—Find the approximate tension of aqueous vapour at
56.5° F. and 79.5° F.
Vide Table: 56° F.=0.449 inch,
57° F.=0.465 ,
2)0.914
6.457 inch =approximate tension at 56.5° F.

79° F.=o0.990 inch.
80° F.=1.023 .
2)2.013 inch.
1.006 inch = approximate tension at 79.5° F.

To Calculate the Weight of a given Volume of Air satu-
rated with Moisture at a given Temperature and Pressure.*
—Consider the total volume of saturated air to consist of a volume
of dry air plus a volume of aqueous vapour.

1. Calculate the weight of an equal volume of each at the same
temperature and at their respective pressures,

* Vude pp. 12, 14.
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2. Add these results together : their sum is the weight of satu-

rated air,
To work out the pressure of aqueous vapour, Tables are neces-

sary, as already indieated.
Let P=total pressure of the combined volumes of “dry” air

and aqueous vapour.
Let p = pressure of aqueous vapour only.
.. P — p=pressure of “dry ” air.
ExampLE.—Find the weight of 1 litre of air saturated with

moisture at 15° C. and 730 mm, pressure.
P = 730 mm. = pressure of combined volumes.

pat 15° C.=12.7 mm. (vide Table).
P— p=1730-12.7="717.3=pressure of “dry " air.
TE[.3 X 272X 1
760 x (273 + 15)
=0.89 litre. Its weight=0.89 x 1.293 =1.15 gramme, :
1. (b)) Volume of aqueous vapour at r5° C. and 12.7 mm,
12.7 X273 % I

“760x (273 +15)
Its weight =0.158 x 1.293 =0.204 gramme,
And o.204 x 0.623 (relative density of aqueous vapour)=o.127

gramme,

.*. Weight of saturated air=1.15+0.127
= 1.277 gramme,

ExamprLe—Find the weight of 1 cubic foot of saturated air
at 60" F. and 30 inch pressure,
P = pressure of combined volumes = 30 inches
p= 4 ;» aqueous vapour at 60° F.=0.518 inch
P-p= y» “dry” air=30-0.518=29.482 inches
(1) (@) Volume of 1 cubic foot of dry air at 60° F. and 29.482
inches,
_ 29.482 x (459 +32) % 1 v 20.482 x 491 X 1
~ 309%(459+60) 30 % 519
Its weight =0.929 x 567 = 526.743 grains.
() Volume of 1 cubic foot of aqueous vapour at 60° and
0.518 inch.

I.(a) Volume of dry airat15°C.and 717.3 mm. =

=0.158 litre.

= 0.929 cubic inch,

=218
L = 0.016 cubie inch.

Jox 519
Its weight =0.016 x 567 =9 072 grains,
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9.072 x relative density of aqueous vapour=g.072 x 0.623=
5.652 grains,
. Weight of saturated air at 60° F. and 30 inches
=520.743 + 5.652 = 532.305 grains.
The weight of 1 cubic foot of dry air at 60° F. and 30 inches is
30 X 491 X I
38 % KD

So that a volume of moist or saturated air is lighter than an
equal volume of dryair under the same temperature and pressure.

x 567 = 536.38 grains,

A D
a ¥} 3 o
B c
I'16. 7.

The diminution in density and weight is due to expansion of total
volume,

Let a b ¢ d (Fig. 7) represent 1 cubic foot of dryairand ABC D
the increased volume of this air plus moisture, 1 cubic foot @ bed
of this augmented volume will weigh less than the same volume of
dry air because of expansion and rarefaction, but the weight of
the volume A B C D will, of course, be greater.

“ Dry air” denotes air containing no aqueous vapour—i.e., its
“ humidity is zero.” Humidity of the air is the weight of
aqueous vapour present in a given volume of air, expressed as a
percentage of the weight of vapour at saturation which would
occupy the same volume at the actual temperature. (Everett.)

A volume of air at any temperature can contain a definite
quantity of water vapour, When the contained water vapour is
the greatest amount possible at that temperature, the air is
“gaturated,” It is then at maximum humidity. This is the
“ dew-point,” which is therefore the temperature of saturation
(vide p. 32).

Air holding less than its maximum amount of aqueous vapour
will be saturated by that same quantity of moisture when its tem-
perature falls to dew-point.  If in excess, moisture is deposited
on solid surfaces, forming dew.

“ Absolute humidity " or * absolute moisture ” is the weight of
water vapour (expressed as grammes or grains) actually present in
a known volume of air at a certain temperature,

It is estimated by ascertaining from Tables the maximum pres-



METEOROLOGY 31

sure or tension of water-vapour at the temperature of the dew-

point,
e.g. Dew-point = 49° F. Tension = 0.348 in. = Absolute humidity.
“ Relative humidity ” is expressed as :

(1) Weight of water actually present in a known volume of air
Weight of water which would saturate the same volume of air

Or:

(2) Tension of aqueous vapour at the temperature of the dew-point
Tension of aqueous vapour at the temperature of the dry bulb

e e e e

o . e Lt WA Lo M B 11 Lt

o Lt L T L Ll S R

QT TTTTI
FiG. 8.—Daniell’s Hygrometer.

By the first method the weight of water is calculated as already
indicated (pp. 26, 29). .

In the second formula the vapour tensions are obtained from a
Table :

ExampLE.—Dew-point temperature = 52° F.=0.388 inch,
Dry-bulb - =h2 B =o.576
(Vide Tables.)
0.388

.. Relative humidity = 5576

Here saturated air is taken as 1; in 100 parts the relative
humidity is 67.4 per cent. of saturation, or 0.674 x 100.

On the Continent * maximum moisture” denotes the maximum
quantity of aqueous vapour which air can take up at a certain
temperature. A volume of air at any known temperature can
contain a definite quantity of water vapour, and Tables of maximum
moisture at various temperatures are constructed.

The difference in pressure between maximum (saturation) and
absolute moistures is known as the “ deficiency of saturation.”

= 0.674 (nearly).
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ExamprrLE.—Relative moisture=70 per cent. Temperature =
Gt

Find the absolute moisture.

At 177 C. maximum moisture = 14.4 mm. (per Table).

. 100 [ I4.4 :: 70 : @ @=10.08 absolute moisture,
14.4 — 10.08 = 4.32 = deficiency of saturation (Lehmann).
In this country complete saturation is denoted as 100 parts by

Fi1G. g.—Regnault’s Hygrometer.

weight of aqueous vapour and relative humidity is expressed as a
percentage of saturation.

A relative humidity of 75 per cent. means, therefore, 75 per
cent. of saturation.

The drying power of the air is 100 — relative humidity, so that
100 — 75 = 25 per cent., which is the drying-power of the air with a
relative humidity of 7s.

The dew-point is ascertained (1) directly by hygrometers or
“‘ instruments of condensation "—Daniell’s (Fig. 8), Regnault’s
(Fig. g), or Dines’ (Figs. ga, gb). (2) By hygrometers of absorption:
(@) De Saussure’s, consisting of a weighted human hair free from
grease, which elongates as humidity increases and contracts as it
diminishes and moves an index; (&) by the chemical hygrometer,
consisting of U-tubes (containing a dry hygroscopie substance)
which are weighed before and after the aspiration through them
of a known volume of moist air. (3) Indirectly by the dry- and
wet-bulb thermometer or psychrometer (hygrometer of evapora-
tion) with Glaisher’s or Apjohn’s formula,
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I. Directly. :

In all cases take the reading twice: (@) the moment the film of
moisture appears ; (6) when it disappears. The mean of these
observations gives the correct dew-point temperature. If only
one reading is taken the first would be a little below, and the
second a little above the true dew-point.

=80 (90 ] oo Ig®
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F16. ga.—Dines’ Hygrometer, latest modification,

B reservoir for ice-cold water turned on by tap D.

P’ plug in separate tube for running ether instead of water into chamber C
containing thermometer-bulb and covered by black glass slab for observing
moisture,

ExamprLe.—Temperature when filin forms 49.6° F,
" “ ,» disappears 49.8° F.,
2)99-4~

Dew-point = 49.7° F.
C
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TABLE OF GLAISHER'S FACTORS.

Hygrometrical Tables, adapted to the use of Dry- and Wet-Bulb
Thermometers, by James Graisuer, F.R.S., d&e., 1885,

Reading Reading [Rﬂading Reading

of Dry- of Dry- i of Dry- || of Dry-
Bulb | Factor. Bulb | Factor. Bulb Factor. || Bulb Factor.

Thermo- Thermao- Thermao- || Thermo-

meter. meter. meter. || meter,
Fahr, Fahr. Fahr. Fahr.
10 8.78 33 3.01 56 1.94 70 1.69
11 8.78 34 2.77 57 1.92 8o 1.63
12 | 878 | 35 | 2.60 || 58 | 1.90 | 81 | 1.68
13 8177 36 2.50 59 1.89 82 1.67
14 8.76 37 2.42 6o 1.88 83 1.67
15 8.75 38 2,36 61 1.87 84 1.66
16 8.70 39 2.32 62 1.86 85 1.65
17 8.62 40 2.29 63 1.85 86 1.65
18 | 8.50 41 2.26 64 1.83 87 1.64
19 8.34 42 2.23 65 1.82 88 1.64
20 | 8.14 43 | 2.20 66 1.81 39 1.63
21 7.88 44 2,18 67 1.80 9o 1.63
23 7.60 45 2.16 68 1.79 91 1.62
23 7.28 46 2.14 6g 1.78 92 1.62
24 | 6.92 47 2,52 70 I.Jy 03 1.61
25 6.53 48 2.10 71 1.76 94 1.60
26 6.08 49 2.08 na Iye 95 1.00
27 5.61 “ 50 2.00 73 1.94 96 1.59
a8 | 532 [l 51 | 204 || 74 | 1.73 97 1-59
29 4.63 52 2.02 75 L7 93 1.58
30 | 4.15 53 | 2.00 76 1.71 99 1.58
31 3.60 54 1.98 ) 1.70 100 I.57
32 | 3.32 || 55 | 1.96 || 78 | 1.69

() ﬁ:pjnhn’a Formula,—By this method the vapour tension,
or pressure, at the temperature of the dew-point is first obtained,

and from it the dew-po

int is ascertained by reference to a Table of

Vapour Tensions. The use of this Table is therefore indispensable

for working Apjohn’s formula.

Mernon.—I. Vapour tension at the dew-point.
(1) Observe the readings of the dry- and wet-bulb thermometers
at the same time,
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(2) From a table of vapour tensions obtain the pressure in
inches of mercury at the temperature of the wet-bulb,

(3) Note the height of the barometer in inches. If nearly at
sea-level pressure (3o inches) this may be neglected.

Let T, =Temperature of the dry-bulb (i.e. of the air).
= = s wet-bulb.

V.p..=vapour pressure at the temperature of the wet-

bulb.
H = height of the barometer.

Vapour pressure at the dew- point

T,-T, H) 3
=Y. pu— (-— 3?— X = for temperatures above 32° F.

T:!: Sk T:; H a
=V.p.w— (*66 X éﬁ) ,, below 32" F,

The height at sea-level is practically 30", so that the fraction

H
E—I, and may therefore be neglected, and the formula

3'3 3o

then becomes :

Vapour pressure at the dew-point=V —M ] th
P pressure point = V.p.,, B laEt) 1.¢., as the

temperature of the air (dry-bulb) is above or below 32° F.

II. Having obtained the vapour pressure at the dew-point
expressed in inches, ascertain from the Table the temperature
corresponding to this tension. This gives the * dew-point ” itself.

ExampLE.—Taking the same temperatures as in the last example
of Glaisher’s Formula :

LY, =6 F, T =s1"K
Vapour tension at T,=0.374 inch. (Vide Pressure Tables,

P25
B = 28.9 inches.

Vapour tension at dew-point=0.374 — (623_?51 A 2;-:)

I
=0.374 - (3_ X O. 963)

=0.374 —0.122
=:0.252 inch,

I1. Inthe Table of Aqueous Vapour Pressures 0.252 is not given,
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but it lies between o.247 and o.257, which respectively correspond
to 40° F. and 41° F. o0.252 is found to be the mean of these

0.2 A
pressures : 4?:'3 257

ture may be taken as approximately the mean of 40° and 41° F.,i.e.,

= 0.252, and the eorresponding tempera-

40+ 41

=40.5° F.

.. Dew-point = 40.5° F.

The result obtained by Glaisher’s Formula is 41.54° F., so that
the discrepancy is the comparatively slight one of 1.04" F.

Weight of Air.—MEerHob.
—A glass globe fitted with a
stop-cock and of known capacity
(preferably 12 to 13 litres) is ex-
hausted of air and weighed in a
balance (“‘ baroscope,” Fig. 10).
After equilibrium is established
dry air is admitted by opening
the stop-cock, and the weight
of the globe is taken again,

ExamrrLe.—Capacity of globe
= 13 litres.

Difference in weight between
globe when full of air and
when exhausted of air=16.809
grammes.

Weight of air = - =
J ToWNEOR & MEREER

1.293 grammes per litre, which F16. 10— Baroscope,
18 the weight of dry airat N.T.P,
1f the density of 1 litre of water is taken as rooo (at 4° C.) the

ratio of an equal volume of dry air to it is -EI-"—;% = ?; - (=o0.00129)
—i.e., air is 773 times lighter than water; wice wgmd., water is
773 times heavier than air.

In a mercurial barometer the usual height of the column is 30
inches (2.5 feet); mercury being 13.6 times denser than water,
n a water barometer the equivalent height is 2.5 x 13.6 = 34 feet.

Glycerine is 1.26 times denser than water (= 1), the height of
the column of the glycerine barometer is therefore less, varying
mversely as the density.

To calculate it from the above data: 1.26 : 1 :: 34 : w=27 feet.

16.80¢9

—
=
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Again : mercury is nearly ten times denser than glycerine ({_32_'6)

\m

. 1.26 : 13.6 : : 30 : x=27 feet (as before).
.. Mercurial column 3o inches=water column 34 feet=
glycerine column 27 feet.

Barometric Corrections.

1. Correction for Capacity.—This is not necessary in the
Fortin, Kew, and Siphon barometers. Howson’s and MecNield’s
long-range barometers are self-adjusting, the bore of the tube is
not less than one inch, and they are unaffected by differences of
level in the cistern and need no adjustment for the neutral point.
In the Fortin barometer the mercury in the cistern is raised or
lowered to the correct level (“‘ fiducial point ”) by means of a screw
at the base of the instrument.

The Kew barometer has corrections all along the seale, which
is divided into shortened, and not true, linear inches. (The
divisions are less than true inches in the ratio of CTT. (vide
mnfra).

The_siphon barometer adjusts itself as the rise in one limb is
compensated by a fall in the other, and wvice versd, and the true
reading is the difference of level in its two scales.

Barometers not having the above adjustments have a * neutral
point ” marked on the scale of the instrument. At this point the
mercurial column gives the correct reading, and the mercury in the
cistern is at the proper level.

Let T = internal sectional area in square inches of the barometer
tube.

Let C =area of the cistern after deducting that occupied by the
tube and its contents.

Let D =distance in inches of the summit of the mereurial
column from the neutral point—above or below it.

T
Correction =D x G

This is to be added to the observed reading if the mercurial
column is above the neutral point, and to be subtracted if below
that point. The  correction” is ealeulated and supplied with
each instrument by the makers.

] S :
ExaMPLE,—— = — (“ correction ”).
C 5o
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Observed reading = 30.560 inches, summit of column being
4 of an inch above the neutral point,

- 1 -
.*. Correction = S o.015 inch,
4 5o

As the mercurial column is above the neutral point, this is to
be added to the observed height ;

- .. 30.560+ 0.015 = 30.575 inches as the correct height.

2. Correction for Capillarity.— Unless the internal diameter
of the barometer tube exceeds 0.6 inch, the mercurial column
is slightly, and appreciably, depressed by capillary action due to
surface tension between the surfaces of mercury and glass. If
the mercury has been boiled in the tube the depression is reduced
to half what it would be if unboiled. The correction is always to
be added to the observed reading, and is calculated from the
height of the meniscus and from the internal diameter of the tube.
Tables of correction are supplied with each instrument. The
Kew Certificate gives the capacity and capillarity corrections and
index error in one figure for all readings.

Table of Corrections for Capillarity (only), to be added
to all Readings.

N.B.—To be halved for Boiled Tubes.

Diameter of Tube. Depression in Unboiled Tube,
Inch. Inch.
0.00 0.004
0.55 2.005
0.50 0.007
0.45 0.010
0.40 0.015
0.35 0.021
0.30 0.029
0.25 0.04 T
0.20 0.058
0.15 0.086
.10 0.140

3. Correction for Index Errors.—These include (1) errors
in position of the zero-point, and (2) errors of graduation along
the scale, and are special for each instrument. * Anerror of zero
makes all readings too high or too low by the same amount.”
The Kew corrections include index error, capacity and capillarity
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errors at every half-inch of the scale. No instrument is passed
as a “ Standard ” if the errors exceed o.o1 inch.

4. Correction for Temperature, or * Reduction to 32° F.”"—
Variations in temperature cause expansion or contraction of both
the mercury and the metallic scale of graduations,

Each of these must be corrected in a Standard barometer.

(1) Correction for the mercury only.

(#) In the Fahrenheit scale the coefficient of expansion of

of its

Ll : A I
mercury is—_ =o.coor per 1° F., i, it expands i

length at 32 F. for each 1 F. above that temperature.

It also contracts to the same extent per each degree below
32" F.

Reducing to the temperature of 32° F.:

Corrected height of barometer at
Observed height of barometer

1+ fo.0001 x (F.° —32)} °

“F.” = temperature of the thermometer attached to the barometer,

which indicates the temperature of the column of mercury.

Exampre.—Observed height of barometer = 29.5 inches.
temperature of attached thermometer=

22" H.=

5§Tﬁ° F.
Corrected height at 32° F.= 23
orrec eight at 32 I+ {o.0001 X (58.6 — 32)}
20.5 _ _29.5

Ti {o.0001 X 26.6} T L.oo266 2942 inches,

(5) In the Centigrade scale the coefficient of expansion of
mercury per 1° C. is =i = 0.00018, and reducing to o C.:
555¢
Corrected height of barometer at o° C.
_ Observed height of barometer
2 1 + {o.00018 x C.”}

Note.—The observed height is expressed in millimetres.
C" =reading in Centigrade degrees of affached thermometer.

ExampLE.—Observed height = 761.75 mm.

% temperature = 8.6° C.
761.75 _ _161.75
I+ {0.00018 x 8.6} 1.001548

Corrected height at o° C. =
= 760.72 mm.
(2) Corrections for both the mereury and the brass-seale.



METEOROLOGY 41

(a) Fanresuerr.—The coefficient of expansion of brass per
1° F. at 62° F.=o0.00001. (N.B. — less than the corresponding
1O
coefficient of expansion of mercury.)

Corrected height at 32° F.| =Observed height of barometer
(i.e. True reading) MANUS

[ Observed height of barometer x (F.° — 32) x 0.000089. }
(F.° =temperature of attached thermometer.)

NorE.—* 0.00008g " = coeflicient of expansion of Hg, minus
ditto of brass, i.e., 0.0001 — 0.00001.

Note.—The correction must be subtracted from the ¢ observed
height,” which term occurs twice in the formula as given above.

ExamrrLE.—Observed height of barometer = 31.5 inches.
Observed temperature of mercurial column indieated
by attached thermometer =358~ F.

~. Correcied height at
32° F.=31.5 - {31.5 x (58 - 32) x 0.000089}
=31.5 — {31.5 % 20 % 0.000080}
=31.5 - 0.729
= 30.77I inches.

(#) CexricrapE.—The coeflicient of expansion of brass for each
degree is 0.cooo18, and of mercury o.ooo18.

Corrected height at
0" C.=Observed height — {Observed height x C.” x 0.00016}.
C = temperature of attached thermometer in Centigrade degrees.

ExamMpLE.—Observed height =787.1396 mm.
Observed temperature = 14.5 U,

Corrected height at
0° C=%87.1396 — {787.1396 x 14.5 x 0.00016}
=%87.1396 — 13.1609...
=773.978 mm.
Note.—“ 0.00016 ” = cveflicient of expansion of mercury, minus
coefficient of expansion of brass, i.e. = 0.00018 — 0.000018.

Schumacher’s formula for the correction for mercury and the
brass-scale, reduced to 32° F., is as follows:

F = tewperature of attached thermometer in degrees Fahrenheit.

0.0001 = coeflicient of expansion of mercury at 327 F.

o.00001 = coetlicient of expansion of brass-seale at standard
temperature of 62° 7.
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Corrected height at 32° F.

= Observed height, minus or plus :
J ! o.0001 X (F. - 32) — 0.00001 (F. - 62)
{{)bsewed height x  Foocon (Il =a)

The ¢ Correction” is to be subtracted (—) from the cbserved
height at 29~ F. and all higher temperatures, but is to be added
(+) to it for all temperatures below 29° F. See Table of Correc-
tions (Scott).

Corrections to be applied to Barometers with Brass Scales
‘extending from Cistern to the top of the Mercurial Column to
reduce the observation to 32° F.

Temperature, Observed Height of Barometer in Inches,

]Degreos F.| 28.0 | 285 | 29.0 | 29.5 | 30,0 | 30.5 | 31.0
27 + 0.004 All through. :
28 + 0.001 i
2Q — 0.001 i
30 — 0.004 =
40 - 0.029Q | 0.029 | 0.030 | 0.030 | 0.031I | 0.03I | 0.032
50 -0.054 | 0.055 | 0.056 [ 0.057 | 0.058 | 0.059 | 0.060
6o - 0.079 | 0.080 | 0.082 | 0.083 | 0.085 | 0.086 | 0.08%
70 —0.104 | 0.106 | 0.108 | 0.109 | ©.1I1 | 0.I13 | 0.115
3o —0.129 | 0.131 |0.133 | 0.136 | 0.138 | 0.140 | 0.143
go ~0.153 | 0.156 | 0.159 | 0.162 | 0.164 | 0.167 | 0.170

100 —0.178 | 0.181 | 0.184 | 0.188 | 0.191 | 0.104 | 0.10%

5. Corrections for Altitude, or “Reduction to Sea-Level.”
—If the atmosphere were a homogeneous medium of uniform and
constant density and incompressible, its height could be calculated
from the pressure at sea-level as observed by the barometer, and
from the densities or weights of air and mercury relative to water,

Weight of atmosphere at sea-level = mercurial column 30 inches
high.

Weight of air=o0 co129 (E-;—é)

water = 1.
k ,, Mereury = 13.0,1.., 10543 times that of air

.. 0.00129 : 13.6 : : 30 : height of atmosphere (* homogeneous ”).
: : 13.0 X 30 :
.. height of atmmphere=3:;'mé-=3lﬁ,cco inches, 26,333

feet, or nearly 5 miles.
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In a homogeneous atmosphere the fall of the barometer would
be regular, the pressure diminishing with the ascent, and depend-
ing on the weight of the vertical column of air between points at
different levels. By the simple proportion :

3o inches : 1 inch :: 26333 feet : x feet.

The fall would be 1 inch for every 877.8 feet of ascent, or in
round numbers about 880 feet. This does not hold good, because
air is not a homogeneous medium, and is affected by pressure,
temperature, movement (wind) and moisture. The average fall in
the barometer is, therefore, determined by experiment, and is
only an approximate estimate. In Great Britain the decrease is
1 inch for every goo feet of ascent from sea-level—i.e., o.001 inch
per foot, omitting variations of temperature, pressure, ' &e.

For the British Isles the standard sea-level adopted by the
Ordnance Survey and Meteorological Offices is the mean sea-level
at Liverpool—i.e., half the average range of fluctuation between
high- and low-water mark. From this * datum ” altitudes of all
localities are ealeulated, and are marked on the Ordnance Bench
Marks and Survey maps.

All barometric observations must be reduced to sea-level, and
corrected to standard temperature (32" F.) for comparison. The
“correction” for places above sea-level is to be added to the
observed local reading ; and to be subtracted for localities below
sea-level which are exceptional,

If n=altitude of place above sea-level in feet.
a = correction for altitude in inches,
gEeiEw T I ® @=nxo.00I inch.

ExampLE.—Altitude = 4500 feet above sea-level.

Observed reading at this altitude=27.3 inches (corrected to
32" )

“ Correction™ 1 : 4500 :: 0.001 : #. 2= 4.5 inches.

Lleduction to sea-level = 27.3 + 4.5 = 31.8 inches.

For correct records the temperature of the air must be taken
by a dry-bulb thermometer, and net by the instrument attached
to the barometer, and the pressures of the barometer should be
taken, if possible, simultaneously at the higher altitude and at the
sea-level.

Correction for Unequal Intensity of Gravity.—This is
usually omitted. Tt is caleulated as follows:

Let H = height of barometer in inches at 32° F.

G =acceleration due to gravity in feet ( = 32 ft. per second).

13.6 = density of mercury relative to water at 32°.
Absolute pressure = H x G x 13.0.
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To convert Barometric Readings in Inches into Milli-
metres.
1 metre at o C. = 39.37 inches or 3.3 feet.
1 inch at 0° C.=25.4 mm.

Therefore, a reading of 31.4 inches = 31.4 X 25.4 =797.56 mm.

A fall of 1 inch for every goo feet of ascent corresponds to a
fall of 25.4 mm, for 274 metres, which is approximately a fall of
1 mm. of mercury for every 10.8 (or 11) metres of altitude.

The * correction ” i1s therefore as follows :

Let n =altitude of place above sea-level in metres.
x = correction for altitude in mm.
IT :M 2T L

ExavpLE.—Altitude above sea-level = 468 metres.
Observed reading at 20” . reduced to o” C.=
740 mm,

“ Correction™ I1:468::1:2. x=42.5.
Reduction to sea-level = 740 + 42.5="782.5 mm.

Formula for measuring Heights by the Barometer.—
Altitudes are usually estimated by aneroid barometers specially
graduated for the purpose and corrected by the use of “ Altitude
Fr&blﬁs.n

If mercurial instruments are employed simultaneous readings
should be taken at sea-level and at the higher altitude. The
method is similar to the one for reduction to sea-level.

ExamprLE.—Sea-level reading = 31.5 inches,
Reading at higher altitude = 28.4 inches.
Difference = 3.1 inches,

Height above sea-level : 1 : 3.1 :: goo : @ a= 2790 feet.

Strachan’s Formula.—This necessitates the use of an aneroid
barometer. Take the upper and lower readings in inches, tenths,
and hundredths of an inch (i.e., to two decimal places), subtract
one from the other and treat the result as if it consisted entirely
of whole numbers (move the decimal point two places to the right,
i.e., multiply by roo, converting decimals into whole numbers),
and multiply by g ; the result gives the required height in feet.

ExamprLE.—Reading at lower level = 32.53 inches,
‘ »w  w»oupper , =2841 ,
Difference = 4.12. Take 4.12 as 412 (no decimals).
s 412 % g = 3708 feet =altitude above sea-level.




METEOROLOGY 45

The Vernier (Figs. 11 and 12).—The length and subdivisions
of the Vernier-scale are in relation to the fixed scale of the
barometer,

The scale on the barometer 1s divided into:

inches and half-inches.

h 1
tenths of an inch = el inch,

. | :
half-tenths of an inch = — = 0,05 inch,
20

I 11
r—r=r=r
|
. 1
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FiG. 11.—Yernier. Fi:G. 12.—Vernier.

which form the smallest divisions on the barometer scale; and
twenty-four of them are equal to o.05 x 24 = 1.2 inch,

The Vernier-scale has 5 large divisions, Each of which is sub-
divided into 5, making 25 in all. These 25 are equal in length to
24 of the o.5 inch divisions of the fixed scale, and are therefcue
equal to 1.2 inch in length, so that each small division equals 12
or 0.048 inch,and one large division on the Vernier-scale =5 x o, 948
=0.24 inch.

The difference between the smallest divisions on the two scales
is equal to 0.05 — 0.048 = 0.002 inch ; therefore each small division
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on the Vernier is o.002 inch smaller than that on the fixed scale,
and each of the larger Vernier divisions indicates a difference of
§ x 0.002=0.01 inch. A longer line placed at these points is
marked 1, 2, 3, 4, and 5, corresponding to o.o1, 0.0z, &ec., or
hundredths of an inch.

To take a reading (after noting the temperature of the attached
thermometer and adjusting the cistern-level, &e.), bring the lowest
(zero-) line of the Vernier exactly on a level with the top of the
mercurial column (* tangential ” to the convex surface). If it is
on a line with one of the divisions on the fixed scale, read off the
height on the latter only, the Vernier-scale is not required.

If the mercury-level lies between two of the smallest divisions
of the fized scale, adjust the Vernier as before, read off the height
on the fixed scale in inches, o.1 inch, and to the nearest o.o5 inch
which lies immediately below the top of the column.

Next follow up the smallest divisions on the Vernier-scale until
one of them is found exactly level with a line on the fixed scale.
(1) Count how many of these small Vernier divisions intervene
between the zero-line (level with the mercury) and that on the
fixed scale, multiply them by o.coz inch, and add the result
to the partial reading already obtained on the fixed scale.
(2) The figures on the Vernier may be utilised instead of the
above method: Note the Vernier figure (“1,” “2,” “3” or
“4,") immediately below the * junction” of the scale-lines, and
consider it as 0.01, 0.02, 0.03, or 0.04 inch and add 1t to the reading
of the fixed scale. DMultiply any smaller divisions lying between
this point and the * junction” by o.ooz and add the result, the total
of these three readings is the correct one, and will be the same
as that obtained by the first method (1).

Examrre—Fig. 11. Zero-line of Vernier is level with top of
mercurial column and also with line of fixed scale. The reading
is taken entirely by the latter, the Vernier is unnecessary.

Reading : 29.5.

Fig. 12. 1. Reading by fived scale: 29.6 (inch- and o.1 inch-
divisions).

i S » 005 (immediatelyibelow top
of column).

1. Reading by Vernier-scale: (1) 17 small divisions
intervene between the zero-line of the Vernier and the ¢ junction ”
line (level with one on the fixed scale): 17 x 0.002 =0.034 inch.

Therefore 29.6
0.05

0.034
Correct reading = 29.684 inches.
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Instead of reading as above: Note that in Fig. 12 the
figure “3” on the Vernier-scale is immediately below the * junc-
tion”; this represents o.03 inch. Between this point and the
¢ junction ” there are two small divisions; therefore 2 x c.c0z =

0.004.
We have therefore by fixed scale: 20.6
0.05
» Vernier-scale: 0.03
0.004

Correct reading = 29.684 (as above).
Temperature.—Bririsu Mernop, F.° scale,

I. One observation daily, ¢ a..
E.g. On Feb. 21 at 9 oM. Maximum registered 43.5° F.

Minimum = - 29.0° F.
Maximum reading = maximum temperature of previous afternoon
Minimum ,, = minimum » ,y SAIe morning
i.e. *February zo (afternoon)=43.5" F
» 21 (morning)= - 29.0° F.”

Daily mean temperature :
II. (1) Two observations daily, g A.M.=58.6) I05.1 2.5°F. =

EEEsa65) ll-LlI_}' mean
Or shade maximum{ =60.0 .
= 50.2 207.7 <, e
(2) S = daily mean,
;3 minimum {243:5
III. Three observations daily, 6 A M.=42.5" F.| |, .

2 P M. = 48.0° — = 40.9 daily
IOP.M. =32.2° 3 mean,

CoxTiNENTAL METHOD. C.° scale. 7Viree observations at 8 A.u.
2 and 10 P marked +and — if respectively above and below
o" C.  The results are added algebraically (subtracting - signs)
a.ud the 10 p.M. observation is doubled, i.e., added fwice, and the

total result is divided by 4. F£.g.:

8 aM= -6: C.
Izl;::ig 11—6=+5 2=+1.25°C. daily
(Twu.e){ PM.=+3 mean temperature,

Sum of the daily means
e ] el P days in the month

Sum of monthly means
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Daily range or amplitude of temperature :
Shade maximum — Shade minimum temperature for that day.

: Sum of the daily ranges
Mg Number of days in the month

Daily maxima of month — Daily minima of month

e Number of days in month
f thl
Yearly mean range : Eanos Bag 'IZ' il o
Daily maxima of year — Daily minima of year
or, e T

365
Solar radiation: Sun-maximum - Shade
= maximum temperature.

Better: Sun maximum minwus open-air
temperature taken when the sun-maximum
thermometer is at its highest point.

Terrestrial radiation =Shade minimum -
¢ grass minimum ” reading.

Graduation of the Measuring-Glass of
a Rain-Gauge.—The usual diameters of the
rim of the rain-gauges (Fig. 13) used in this
country are 5 (Symons’ ‘‘ Snowdon ”) and 8
inches (Glaisher’s). The latter diameter is
used by the Meteorological Office and by the
— British Association.

F16. 13.—Rin-gauge. Let D =diameter in inches. R =radius.
D=2 K,

(! = circumference of rim.

T=3.1416 (mt-iﬂ of circumference to diameter = E)
C=2 #R. Area of circle==R*

If D= 5 inches.
Avrea of receiving-surface of rain-gauge = 3.1416 x (2.5)*

=3.7416 X 6.25
= 19.635 sq. inches.

One inch of rainfall on this area =19 635 x 1 =19.635 cubiec inches,
or half an inch of rainfall = 9.8175 cubie inches. .

1.73 cubie inch =1 fluid ounce, .'. 9.8175 cubic inches=5.675
ounces of rain. If this amount of water be poured into a non-
graduated measure-glass and the level marked with a line, it will
represent the height of half (o.5) an inch of rainfall on the receiving
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area of the gauge. This height on the glass is subdivided into 5o
equal parts, and each denotes ;'; of 1 inch, or 0.02 x 0.5 inch of rain
=o0.01, or one-hundredth of an inch. The amount collected when
poured into the measure-glass can at once be read off in decimals of
an inch. If D=8 inches, area=3.1416 x (4)?=50.2656 square
inches = 14.5 ounces nearly ({ in. of rainfall). The subdivisions
are made as before,

An area of any known dimensions will do for collecting the
rain and graduating a glass. Conversely, if the amount of water
required to represent half an inch of rainfall is stated, the neces-
sary diameter of the rain-gauge can be calculated.

ExamrLE.—One ounce of water in the measure-glass is required
to denote half an inch of rainfall, What must be the diameter of
the rim ?

Area of receiving surface enclosed by the rim ==R* and this
area when covered with half an inch of rainfall must equal 1
fluid ounce, 7.e., 1.73 cubic inches,

1.73

e 3.1416 X R* X 0.5 =1.73. R2=3.1416 o5~ 113

R=,/1.113=1.055 inch (nearly)
. D=2R=2.11 inches,

The diameter of the rim must be 2.11 inches and the surface-
area will be 3.49 square inches,

Velocity of the Wind.—The anemometer named after the
Rev. Dr. Robinson of Armagh is in general use. The length
of the arms measured from the centres of opposite cups varies
from 1.12 feet to 2 feet.

In the first case 1.12 feet is the diameter of the cirele described
by the centre of each cup as it revolves.

.. Circumference =27R = r x diameter = 3.1416 x 1.12 = 3.52
feet.

1f the cups are considered to revolve at one-third the velocity
of the wind, wind-velocity = 3.52 x 3 =10.56 feet per each revolu-
tion, and to calculate the number of rotations per mile :

10.56 : 5280 ::: 1 : &, x= 500 revolutions,

Symons (in Stephenson and Murphy’s 7'reatise) considers the
velocity of the wind to be 2.5 times greater than that of the cups,

. 3.52 % 2.5 =28.8 feet per revolution, and the number of revo-
lutions per mile = 6oo.

Using 2.5 as the factor, with a diameter of 2 feet the cir-
ecumference of the circle is 6.28 feet, the wind-velocity 15.7 feet
per revolution, there being 336.3 rotations per mile,

The records are not accurate, as the velocity varies with the

D







CHAPTER 1V.
VENTILATION:

Respiration.—Pure air contains on an average :

Oxygen . : : : . . 20.04
Hydrogen . : : . : = D2
Nitrogen - . . 78.00
Argon, metargon, &ec. . : : - ILoo
Carbon dioxide . : : : . 0.04%
100.00

Expired air contains on an average 16 per cent. of oxygen and
4.4 per cent, of CO,.

Amount of CO, exhaled at each breath in excess of that con-
tained in the air=4.4—0.04=4.36 per cent. An adult male
breathes about 18 times per minute, and the tidal air averages
about 25 cubic inches (500 c.c.). Amount of CO, expired at each

breath :
100 ; 25 :: 4.36 : @, x=1.09 cubic inch (21.8 c.c.)

Per minute = 1.09 x 18 = 19.62 cubic inch (392.4 c.c.) of CO,
, hour=1177.2 cubic inches, or nearly o.7 cubic foot.

Parkes and de Chaumont adopted 0.6 cubic foot per individual per
hour as the average amount of CO, exhaled in a “mixed com-
munity,” i.e., of adults and children.

Velocity of Inflow and Outflow of Air. — Velocity =

. s =The “terms” must be of the same
Sectional area of aperture
¢ denomination,” i.e., to calculate a velocity in linear feet the

volume must be expressed as cubic feet and the sectional area in
square feet. If the latter is stated in square inches these must be

converted into square feet,

Flow in cubic feet
Sectional area in square feet'

E.g., Velocity in linear fect =

* According to some investigators the average amount of CO, in pure
air is but little over o.3 per cent., or 3 parts in 10,000 by volume,
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ExamMpLE.—(1) An outlet of 48 square inches sectional area
delivers 12,000 cubic feet per hour, Hstimate the velocity of out-
flow in feet per minute and per second.

12002400D feet=4§—2ﬂ-=66.ﬁ per

Velocity in linear feet=

48
66.6 it
minute, n.nd—ﬁ;_'—=1.1:1 feet per second. If 1 be deducted for

friction r.11 — -I';I (=1.11 X 0.75)=0.83 feet per second.

(2) To find the velocity required to deliver zoco cubic feet of
air per hour through an inlet of 25 square inches.

T L 3000 X Lia S 17280 feet per hour
2 25
144
17280
"~ 6o x 60

= 4.8 feet per 1",

{35 8
Deducting 1 for friction : 4: =

s+ 4.8 —1.2=3.6 feet per 1",

Friction at every right angle diminishes the velocity by 1.

. With 2 right angles velocity = 1.

(3) The velocity of inflow is 3 feet per second, and the aperture
has a sectional area of 36 square inches. Caleulate the volume of
air entering per hour.

Velocity = 3 feet per second. Area= %= 1 square foot.

Let volume of in-coming air=az. .. 3=$. w=$ cubic foot

per second.
=4 x 60 x 6o = 2700 cubic feet per hour.

(4) In a ward for 30 beds it is desired to supply 4oc0 cubie
feet of air per head per hour at a velocity of 2% feet per second.
Estimate the size of inlet required.

As the velocity is given * per second” and the volume of air
supply is to be estimated “ per hour,” the velocity must also be
expressed * per hour.”

V = 2.5 x 60 x 6o linear feet per hour.

Total inflow = 4000 x 30 cubic feet per hour,

Sectional area in cubic feet =,

e — it e
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N2 s o ho X 60=M.

2.5 X 60 X 6ox = 4000 X 30. «=13.3 square feet = 1915.2 square
inches.

For 3o patients = 63.84 square inches per head.

Therefore 30 inlets each of 63.84 square inches will suffice, or
6o inlets each of 31.92 square inches,

Supply of Fresh Air.—De Chaumont estimated that o.oz per
cent., or 0.2 per 1000 volumes of CO,, should represent the maxi-
mum amount of respiratory impurity in excess of that existing in
pure (external) air. As pure air contains o.4 volume of CO, per
1000, 0.4+0.2=0.6 volume of total CO, permissible in 1000
volumes of air in a room. This 0.6 per roco volumes must not
be confused with the 0.6 cubic foot of CO, exhaled per individual
per hour in a * mixed community.”

0.2 cubie foot of added respiratory impurity per 1ooo cubic feet
=0.0002 per 1 cubic foot of air. If o.7 cubie foot =amount of
CO, exhaled per male adult per hour, the calculation for estimating
the supply of fresh air needed per hour is :

0.0002 :0.7:11 1% X=— ? = 3500 cb. ft. If instead of o.y
0.0002

0.72
O.0002
—a convenient standard.

we take 0.72. x= = 3600 ch. ft., or 1 ¢b. foot per second

Let 8 =supply of fresh air necessary per hour in cubic feet.
E =amount of CO, exhaled per individual per hour.
I =excess of CO, permissible (impurity) per 1 cubic foot

per hour,
_E
=1
De Chaumont’s Formula.—De Chaumont considered o.6

cubie foot CO, exhaled per individual per hour as a fair estimate inan
0.6

assemblage of men, women and children, so that S= = o5os — 3000
cubic feet of fresh air required per person per hour,
The above estimates are for individuals af rest
e
If a man is doing light work, E=0.9. 8= =m0 ch. ft.
1 1 hard 1 E= I.8. 8= = Q000 ¥
0.0002

Large supplies of fresh air necessitate large buildings or increased
velocity of inflow, and augment the cost. In most cases this
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cannot be done. In a General Hospital the increase is roughly
about } more than in health : for a male ward E may be taken as
= 0.9 (as above) and S = 4500 cubic feet. For a female ward E =
0.4

0.0002

0.8. S=4000 cubicfeet. Inschools E=o0.4. 5= = 2000

cubic feet.
If I=CO0, added as impurity per 1000 cubic feet of air (instead
of per 1 cubic foot).
E 0.6 ,
S= 7 x 1000= — X 1000 = 3000 cubic feet.
Let E=o0.6 cubic foot of CO, expired per individual per hour.
0 4=CO0, present in 1000 cubic feet of fresh (external) air.
I =total CO,in 1000 cubic feet of airin room minus o.4.
P =number of persons occupying the room (exhaling 0.6
cubic feet of CO, per head per hour).
H =number of hours they occupy the room.
S =supply of air for P persons during H hours :

o.6xPxH
I (Zotal CO, in 1000 cb. ft. of air in room — 0.4)

Any one term of this equation can be calculated if the others
are known.

ExamprLe.—(1) 5 men work for 8 hours in a room containing
6500 cubic feet of air. The total supply of fresh air per hour is
12,000 cubic feet. Calculate the total amount of CO, present in
the air of the room at the end of that period and also the amount
of impurity added as CO,.

Total air supply for 5 men for 8 hours:

Pure air originally in the room = 6500 cubic feet.

Additional air supplied during 8 hours= 12,000 x § =g6,000

cubic feet.

S =

X 1000,

6500 + 96000 = 102,500 cubic feet =S.
Each man expires (say) o.g cubic foot CO, per hour = E,
x=C0, per 1000 cubic feet in room after 8 hours .. I=x—o 4.

", 102,500 =D_.§%gf:_3 X 1000.
102.5 X (€ —0.4)= 0.9 X 5 X 8.
102.652 — 41 =36. 102.58=77.
x=o0.75 ft. CO, per 1000=0.075 per cent.

Added impurity (I)= o0.75 — 0.4=0.35 per 1000, Or 0.035 per
cent. Itshould not exceed 0.2 per 1000 according to de Chaumont’s
formula, therefore there is an excess of 0.35 — 0.2 =0.15 per 1o00.




VENTILATION 59

Carnelley’s Formula.—Carnelley, Haldane and Anderson
allowed a larger excess of CO, than de Chaumont did, as
follows :

(1) For dwelling-houses 0.6 vol. of CO, per 1000 in excess of
that in fresh air.

(2) For schools 0.9 vol. of CO, per 1000 in excess of that in fresh
a@ir.

As fresh (pure) air contains 0.4 vol. CO, per 1000, —the fotal
CO, allowable for (1) dwellings and (z) schools is 0.6 + 0.4 = 1.0 per
1000 ; and 0.9 + 0.4 = 1.3 per 1000, respectively.

o I for (1)=1.0-0.4=0.6 added impurity per 1000 cubic
feet = 0.0006 per 1 cubic foot.

for (2)= 1.3 — 0.4 = 0.9 added impurity per 1000 cubic feet
=0.0009 per I cubic foot.

0.6
s B=——r=1000 (houses).
(2) E=o04.
.4 :
== E:_D_g = 444 (schools).

If E=0.45. 8 =nggg = 500 (schools). The latter figure is

preferable, as allowance must be made for the adult stafl’ of the
school.

ExamprLE.—(2) A male ward in a General Hospital has an
hourly supply of 112,500 cubic feet of fresh air. The atmosphere of
the ward must not contain more than a total amount of o.06 CO,
per 100 cubic feet, How many beds should there be?

S = 112,500 cubic feet per hour.
E = 0.9 cubic foot, CO, per head per hour (male cases).
I=0.6 — 0.4 (pure air) = 0.2 per 10oc cubic feet of ward atmos-

phere.
P =is to be calculated.
H = 1 hour.
0.0 xPx1
S 112,500 = = . »rooo
112.5 =U'92P 225=0F. P=as.

There should be accommodation for 25 male patients.
(Nore,—The air originally present in the ward is omitted.)
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ExampLeE.—(3) In a school 65 children work for 5 hours, and
the air at the end of that time is found to contain o.13 per cent.
of CO,. Find how much air is supplied during the entire period,
and also per individual per hour.

Taking E as o.45 cubic foot CO, evolved per head per hour.
P=65. H=5. o0.13 per cent.=r.3 per thousand.
. I=1.3-04 CO,=added impurity per 1000 cubic feet of air
in schoolroom.
S is to be found :

045 %65 x5
T 1.3-0.4
_ 146.25

..E

¥ 1000.

X 1000,

= 162,500 feet per head during 5 hours; 32,500 cubic feet
per hour, or 500 cubic feet per individual per hour.

According to Carnelley’s estimate this is satisfactory; by de
Chaumont’s standard of 2000 cubic feet per child per hour it is
2000 — 500 = 1500 below the proper supply.

ExampLE.—In a room 20 feet long, 14 wide, and 12 feet high,
5 clerks work, using 3 ordinary gas-burners. How much air is
required for proper ventilation ?

Gas used per burner = 4 cubic feet per hour.
=12 cubic feet per 3 hours.
1 cubic foot of gas=o.5 cubic foot CO..
4 » feet 1 =2.0 ,, feet ,,
12 ” 1 =6.0 , " 1

Taking 0.7 cubic foot CO, as exhaled per man per hour,
2.5 gy Teel ool s SR
6.0+ 3.5 =9.5 CO, in the room per hour,

9.5 X 1000

ra

S = 47,500 cubic feet.
The room originally contained 20 x 14 x 12=3360 cubic feet
of fresh air (not allowing for furniture, &c.)

.. 47,500 — 3360 = 44,140 cubic feet in addition to that origi-
nally in the room should be supplied during the first hour of occupa-
tion, and for every subsequent hour (after the 3360 cubic feet are
exhausted) 47,500 cubic feet of fresh air are necessary.

ExaMPLE.—(4) A room 2o feet long, 12 feet broad, and 10 feet
high is occupied by two adults and a child under six years of age.
If there is practically no wventilation, when will the limit of per-
missible impurity be reached ? -
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=20 X 12 X 10= 2400 cb. ft. fresh air originally in the room.
E=o0.6 cb. ft. CO, per head per hour (* mixed community.)”
Two adults and one child = 2.5 adults.

. P=2.5. H is to be calculated.

Total impurity = 0.6 cubic foot CO, per 1000 cubic feet.
I=0.6 — 0.4 =0.2 cubie foot per 1000.

oG x s x H
. 2400= x 1000.
0.2

= ;:a.: 48=15 H. H=o0.32 of an hour.

= 19.2 minutes.

By Carnelley’s formula: 2.4 = IEEIZI = H = 0.96 of an hour.

= 57.60 minutes,

Fresh Air Supply for Horses and Cattle.—These animals
are not affected by a rapid current of air or a low temperature if
well stabled.

De Chaumont’s formula may be adopted.

A horse exhales 1.13 cubic feet CO, per hour.

Taking “I” as 0.6 — 0.4=o0.2 cubic foot per 1000 as “ added

impurity ”: §= Ec;if = 5650 cubic feet fresh air supply per hour.

The same ratio may be used for large cattle.

Natural Ventilation.—The velocity acquired by a body falling
through space is proportional to the time it takes in falling. lts
““ acceleration ” is due to gravity, which causes a velocity of fall
equal to 32.2 (taken as 32.0) feet per second in this latitude, and
the motion is uniformly accelerated, 32 being a constant * factor.”

Let V = velocity of fall in feet per second.
(G =*“ acceleration ”’ = 32 feet per second.
T = time of fall in seconds.
YV=QGxT.
=123 % T.

If a body falls (from a state of rest) for three seconds:
V =32 x 3 =96 feet per second at the end of three seconds,

If the “height” or distance through which a body has fallen
be known, its final velocity in feet per second is equal to eight
times the square root of the distance traversed.

Let H = height (distance) of fall.
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" Vi=2GxH. G=32. .. Vi=2x32xH.
Ne= daxaaxl
By P |
-3 /H.

By Montgolfier's law, air and other fluid media pass through
an opening in a partition with the same velocity as a body falling
through a height equal to the difference in level of the fluids on
each side of the partition. This difference in level is * head.”

Air rushes into a vacuum (resistance at first is nil) at the same
velocity as a body falling from a height of five miles or 26,333 feet.

~ V= /2 x32x206333=8y26333=1296 feet per second.

As air passes into a vacuum, the internal pressure (being zero at
first) gradually increases with increase of air volume, and its
decreasing velocity would be equal to that of a body falling through
diminishing heights representing differences of pressure inside and
outside the chamber. These varying differences in height and pres-
sure (z.e., weight) cannot be caleulated, and are estimated approxi-
mately by differences in temperature of the inside and outside air.

Difference in pressure = difference in height of inlet and outlet
( =height of heated column of air) x difference of temperature x
coeflicient of expansion of air.

Let H =height of heated column of air in the flue (or vertical
distance between inlet and outlet).
» T'=temperature (Fahrenheit) of inner air,
n b= " 1 y outer ,,

0.002 (= E;--Iappmximate]y) = coefficient of expansion of air per

1° F.). 'V =velocity in linear feet per second.
Difference in pressure = H x (T - ¢) x o.002.

. V=8, /H x (T -t) x 0.002.

ExamrLe.—The external opening of a ventilating shaft is 22 fect
above the internal aperture. The temperature of the room is
60° F. and that of the external air 47.2° F., Calculate the
velocity of the current of air up the shaft.

H=22feet. T-t=60-47.2=12.8.
V=8 .f22 x 12.8 x 0.c02.

= 8,/0.5476.
=8 x 0.74 = 5.92 feet per second.,

Deducting } for loss of velocity due to friction (which is the
same as multiplying by o.75) 5.92 X 0.75 = 4.44 feet per second.
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De Chaumont’s Modification of this Formula for calcu-
lating the Size of Inlet or Outlet, or the Quantity of Air
Supply per Hour.

Let S =supply of air in cubic feet per hour,
A =area of inlet or outlet in square inches.
H = height of heated column of air.
T = temperature of room or of air-column.
t= " ,,» external atmosphere.

gseconds in 1 hr.
8= (8 X 50. in. in 1 Q. ft.) x A x A/H x (T —¢) x 0.002 X 0.75.

S=200x A x JHx(T - .ﬁ)xoocz*xon

ExamrLe.—(1) The difference in height between inlet and outlet
is 25 feet. The inner and outer mean temperatm esare 65° F. and
45° F. respectively, and the air supply is 3000 cubic feet per hour,
Estimate the size of the inlet.

S =3000. T-f=120. 3000=200x%x A x ,/25 X 20 X 0.002 X 0.75.

=200 A X § %02 X0.75.
A = 11.25 square inches.

According to Parkes and de Chaumont the dimensions of the
outlet may correspond with those of the inlet, the increase in
volume of air that has been warmed is so small (5% to %) under
the usual conditions of ventilation and heating that it may be
neglected.

The size of inlets and outlets per individual in health may be
approximately estimated as follows :

Let n=number of adults to be supplied (from 1 to 6 as «
maximum) by one aperture.

". Area of aperture = 12 x 2n square inches, therefore :

For 1 adult 3 X y X 2= 24 gquare inches.
sy 2 adults - ” w X 4= 48 T 31
, 2adultsand 1 child ,, e (chim z"z_'*)
w3 ) " " o X 6= 72 1 3
» O " 1 T n AIZ=T144 T 13

At temperatures between 55° and 60° F., a velocity of
1.5 linear ft. per sec. is not perceived

=25 T »» by most people.
3 » w9 fE]t
3.5 i o »» by all and causes a dmught-

(Parkes and de Chawmont.)
3ooo cubic feet per hour= 50 cubic feet per minute =0.83 a::ubm
foot per second.
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Velocity of air current (linear feet)
Inflow (cubie feet)

" Sectional area of inlet (square feet)’

Inlet = 24 square inches, Inflow = 0.83 cub. ft. per sec.
: .8 :
Velocity = D.“E = 4.98 lin. ft. per sec.
114
Il’ll&tl = 48 qul&l‘& iDEhEE. 19 21 ET) L)
: 8 ;
Velocity = E . 33 = 2.49 lin. ft. per sec.
144
Inlet = 60 square inches. " ” " i
Velocity = 1.99 (2.0) lin. ft. per sec.
| Inlet = 72 square inches, 5 ” ” ”
Velocity = 1.66 lin. ft. per sec.
Inlet = 144 square inches, ” ” " ”

Velocity = 0.83 lin. ft. per sec.

The inlets of 48 to 72 square inches give the best velocity for a
supply per head of 3000 cubic feet per hour.

Parkes and de Chaumont considered the minimum and maxi-
mum sizes should be 24 and 144 square inches, and that for larger
supplies of air the number of openings must be proportionally
increased and nof their size. This method facilitates uniform
distribution of air per person, and diminishes liability to draughts
or to areas of “stagnation.”

ExamprLeE.—(2) A heated column of air 40 feet in height has an
average temperature of 6o° F., the air outside being at 32° F.
The area of inlet equals that of outlet, and is 72 square inches,
Calculate the supply of air passing in, and the velocity of outflow.

T-t=60-32=28.
8=200x 72 x,/40 x 28 x 0.002 X 0.75.
=200 X 72 X ,f2.24 X 0.75.

=200X 72X 1.5 X0.75. :

16,20 F
= 16,200 cubic feet per hour= —é;=2';0 per minute, or

—zgf = 4.5 cubic feet per second. J
To find the velocity of outflow in linear feet per second :
Velocit Outflow in cubic feet per second

GlOCILY = Sectional area of inlet in square feet’

—df,f =33 g linear feet per second.
e &
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Natural Ventilation by Diffusion of Air.—It oceurs only
in gases and vapours and does not affect molecular matter. The
rate of diffusion is inversely proportional to the square root of
the density.

1

The density of hydrogen=1 .. —==1. Rate of diffusion of

I ;
oxyveen ———=-. = 4 times ereater than that of hyvdrogen.
Xyg e 4 4 g ydrog

Rate of diffusion of nitrogen =
1

— = = 4 times
14 3 ?4 3 ? EE ] Lk ] k|
Rate of diffusion of air =
: el 8 times
= = 1 T 33 31
Ji4.44 3.8 3

Calculation of Friction in Ventilation.—It is determined
by the length of the shaft, its angles, and by the dimensions and
shape of the aperture through which the air current passes.

Length.—If the tube or shaft is of uniform bore throughout,
friction increases in direct proportion to increase in length.

ExaMpLE (1).—Shaft A = 100 feet in length}unifm‘m Frine:
ey : ” B=120 » " ”
The friction in B is 1 more than in A.

Angles.—Every bend of go° diminishes the velocity of the
current by half—e.g., a velocity of 10 linear feet will be after the
first right-angle bend = 5 feet, and after the second bend =1 of
5 feet = 2] feet, and aftera third similar angle =3 of 2} = 1} linear
feet. This is theoretical only, as after two such bends in a pipe
ventilation is practically =il for hygienic requirements. Friction
at other angles is caleulated by Trigonometrical factors,

Dimensions and Shape of Apertures.—A. Loss by friction
varies inversely as the diagonal or diameter,

The openings are of similar shape :

(a) Squares.

ExaMpPLE.—A square aperture ABCD is subdivided into 4
smaller squares of equal size. Calculate the friction in each of
these compared with that in the larger opening (vide p. 62).

Diagonal of ABCD = AC or BD.
o y» each small square=1 AC or BD.

If friction in ABCD =1.

.*. frictiongin each small square = 2.

1.e. it is twice that in ABCD.

(b) Circles.
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ExampLe,—Two ecireular apertures have diameters of 1 foot
and 4 inches respectively. Istimate the friction in the smaller
relative to that in the larger.

The larger diameter = 12 inches.

gy Smaller ,, =4 The ratio of the latter to the
former is as 4 to 12 or as 1 to 3.

If the friction in the smaller circle = 1.

e k] » larger=1. It is 3 times less than that
of the smaller aperture.

B. Loss by friction varies inversely as the square roots of the

areas, whether the openings are of similar
A H’ p O dissimilar shape.
Supposing - the square ABCD has its
sides 1 foot in length, its area is 144
square inches.
Each smaller square has an area of 36

square inches, ./36=6, ,f144=12: a
ratio of 1 to 2.
The loss by friction in the smaller
aperture is twice that in the larger one.
A c If a circular inlet has an area of g square
Fic. 14. feet and a square aperture an area of 4

square feet, ,Jo=3. ,/q4=2.

The loss by friction in the former to the latter is as 1 to 1.

The cirenmference of a circle encloses maximum area in mini-
mum periphery, If the friction in two ecircular openings is to be
contrasted, the calculation is made from the respective diameters,
as above,

If the shape is non-circular, ascertain its periphery and the
area enclosed. Caleulate the length of periphery of a circle enclos-
ing an exactly equal area. The friction in the eircular opening
is to that in the non-circular one as the periphery of the one is
to that of the other.

ExampLE.—A square aperture has its side 14.18 inches long,
compare the friction in it to that in a circular opening of equal
area,

Area of square aperture =(14.18)° = 201.0724 square inches.

Periphery ,, ,, »w  =14.18 X% 4=56.72 linear e

Area of circle=rR*. #R*=201.0724 square inches,

Ry d2tidas 64 inches (nearly). R=,/64=8 inches.
3.1416 :

Circumference =27R =2 x 3.1416 x 8 = 50.2656 inches.
Friction in cireular opening is to friction in square opening as
50.2656 is to 56.72, or as 1 to 1.12, i.e., the friction in the latter
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is a little more than }th greater, and the velocity is proportion-
ally diminished.

Artificial Ventilation.—i1. By AN orDiNARY F
a sitting-room with an open fire-place, the chimney is the usual
means of ventilation. TIts sectional area may be taken as 1 square
foot, and the velocity of the current of air up the flue as 4.5 linear
feet per second,

4.5 X 1=4.5 cubic feet per second, or 4.5x 60 x 6o=16,200
cubic feet per hour discharged by the flue.

Each adult requires 3000 cubic feet of fresh air per hcmr 1f
16,200 cubic feet of fresh air per hour replace that amount
axtracted by the flue, we find by simple proportion :

3000 : 16,200 :: 1 : & =g adults,

So that the ventilation is sufficient for 5 adults oceupying the
room.

2. By CircunAr Faxs.—The circumference of the circle de-
seribed in each revolution by the tip of a vane is calculated from
the diameter of the fan; and the velocity, from the number of
revolutions per second, or per minute,

The tangential velocity of the particles of air leaving the fan is
4 the velocity of the tips of the vanes.

Velocity of the air-current x sectional area of outlet = volume of

discharge,
ExamrLeE.—(1) Diameter of fan = 2.5 feet.

Number of revolutions = 3 per second.
Diameter of outlet =1 foot.

Caleulate the velocity of the air and the volume discharged.

Cireumference of circle described by the vanes at one revolution
=13.1416 x 2.5 = 7.85 feet.
Velocity of each vane = 7.85 x 3 =23.55 feet per second.
i y air current = 23.55 x § = 17.06 feet per second.
: Area of outlet == x (radius)*= 3.1416 x (0.5)*=0.7854 square
oot.

Discharge = 17.66 x 0.7854 =13 87 cubic feet per second
= 49932 ” 1 hour,

ExaMpLE.—(2) 750,000 cubic feet of fresh air are to be supplied
per hour. Calculate the diameter of the fan necessary to effect
this and the number of revolutions per second, the diameter of
the inlet being 2 feet.

Delivery = velocity of air current x area of inlet.

Radius of inlet =1 foot. ... area==x1=3.1416.

+ 750,000 = velocity of air current x 3.1410.
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Velocity of air eurrent = 159,389 feet per hour,
y 3.1416 P
“ 750,000 =
 3.1416 X 60 x 6o E second,
Velocity of each vane— JoRiE 05 4 =388.4 feet per

3.1416 x 60 x 60 X 3
second, or distance traversed per second,

NIEHELT &

F16. 15—~ Anemometer.

Let D = diameter of fan in feet, and R = number of revolutions
per second.

3.1416 x D =circumference of fan in feet.

3:1416 x D x R = distance traversed by a vane in one second.
. 3.1416 x D x R = 88.4 feet.

88.
. DxR 4

=——— =28 feet per second.
3.1416
28 28
# D _— R_l R = -E'

If the number of revolutions is 10 per second, D = 2.8 feet.
” ” L} 1 5 » 11 = Sv'ﬁ L




VENTILATION 6o

If the diameter of the fan is 4 feet there must be 7 revolutions
per second,

To Calculate the Velocity of the Current of Air and its
Volume.—Ascertain : (1) the area of each inlet; (2) the mean
velocity of the current passing through it; (3) the actual air
capacity of the room.

The average of several observations at the periphery and near
the centre of the aperture must be taken.

If the opening is circular, note the velocity of the current at a
point % of the diameter from the side of the shaft.

Mean velocity x area of opening = volume of air,

For greater accuracy the
amount of air entering
should be checked by esti-
mating the amount of air
leaving the room. These
should be equal.

THE ANEMOMETER.—(1)
Casella’s instrument. The
velocity of the rotating
vanes is registered by the
long hand, recording so
feet per minute on the
large dial divided into 100
feet, and on five small dials
showing respectively velo-
cities of 1000, 10,000,
100,000 feet, and miles.
The indices are started or FiG, 16.—DBiram's Anemometer,
stopped by means of a small
knob, and can be thrown out of gear without checking the

Velocity in feet per minute i s
st M 33 ety = velocity in

rotation of the vanes.

miles per hour,

gr.} If the indices are not at zero, read off any previous record
and deduet this from the reading after the experiment.

(6) A “correction” (determined by the instrument-maker) is
sent with each instrument, and represents the minimum velocity
which will move the vanes. 1t is to be added to the reading for
each observation, and is about 3o feet per minute, or 6 inches
per second.

(2) Biram’s Anemometer.—In the smaller instruments the
vanes rotate on a central axis on which are the index-dials. The
larger instruments have a different arrangement.

E
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ExanmprLe.—The actual air capacity of a room is 1450 cubic
feet. Two air inlets, each of 6o square inches, supply air at an
average velocity of 2 feet per second. Find the volume delivered
per hour and the number of times it is renewed.

: 66
Total inlet area =2 x — = & square foot.

144
Current velocity = 2 x 60 x 60 = 7200 linear feet per hour.

Amount supplied per hour = 7200 x § = 6oco cubic feet.
Air capacity of room = 1450 cubic feet.

s g3§§=4.r4 nearly, i.e., the atmosphere of the room is com-

pletely changed a little more than four times an hour. In a
small room, unless the current is well divided and properly
warmed, it will cause a draught.

ExampLE.—Air-meter registers 2546 linear feet from previous
observations. Placed in ventilating shaft % distance from side it
indicates * 3746”7 linear feet in 5 minutes,

Sectional area of shaft=1.6 square foot. Currection for in-
strument = 30 linear feet per minute additive.

3746 — 2546 = 1200 linear feet in 5§ minutes.

Adding correction (30 x 5)=1350 linear feet in 5 minutes or
4.5 linear feet per second.

1.6 x 4.5=7.2 cubic feet per second, or 25,920 cubic feet per
hour.

Estimation of Superficial and Cubic Space.

Superficial measurement of :

Square = (side)?,

Rectangle =length x width.

T'riangle = base x } height or height x } base.

Area of rectilinear surface : divide into triangles, and take the
sum of their respective areas.

i. : . (e 24
Circle= 7 x (radius)’. (z= Do 3.1416).

or = Z{ =0.7854) % (diameter).

Clirenmference = r x diameter = 27 % radius,
cirenmference

w

Ihameter =

: ) b . cube of height
Segment of circle = § x chord x height + 2 x chord
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Elli 7 % long diam. x short diam. (l-:}n g diam. = major axia)
ipse =

4 short ,, =minor ,,
Cubical measurement of :
Cube or solid rectangle =length x breadth x height,

Solid triangle = sectional area of triangle x helghL
Cone or pyramid = area of base x 1 height.

Dome R ; | e
Cy linder W ; . :
Sphere = 47 (rading)®

or =E % (diameter)®

o 0.5236 w (diamet-ﬂr}f’ Trapezinm.
Trapezium :

Lengths of rallel sides

tical distance between them.

Parallelogram : length of one

side x vertical distance between i e

the parallel sides. i
To Estimate the Cubic Area from the Floor-plan of a Room

with Dimensions: uniform height = 12.5 feet. FD=2 feet,

The furniture, &c., occupies 118 cubic feet.
How many adults can oceupy it as a sitting-room during the day ¢

A. 24 FE

l4Fe

B JEF¢
16, 190.— Arca of Room,

Superficial area of ABCE = 24 x 14 sq. fr.

Cubie Ee =24 X I4 X 12.5 = 4200 cubic feet.
Adding cubic spaca of EGD:

Superficial area = I: x 2 =1I 8q. ft,

Cubic W ITXI2.% = 137-5 o

+ 4337-5 "
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cubic feet of fresh air per case per hour the air must be renewed

" — 5.6 (“recurring decimal ”) times per hour.
1500 ( & ) E

If the ward is to be 100 feet long—Ilet 2 be the number of
patients it can contain, the above conditions being fulfilled :

1500 &
25X 15
Beps.—Length of each, 6 feet. Width, 3feet. Average cubic

space occupied by bed and bedding, 10 cubic feet; by each patient
(adult), 3 cubic feet.

= [00. &= 25 patients,

Wall of Ward Window Wall of Ward

SR S e § ___________________ L e [
i i
[ 5Ft |-5F¢t I'5F¢ |'5F¢
g e

Bed -

IT. Bed o

o L¥a]
3F¢ 3F¢

Fi1a, 18.—8pacing of Beds in Ward.

Each bed is to be at least 5 feet clear of the next one, and is
best placed between two windows.

An equal number of beds is placed on each side of the ward.
If there are 15 a side there must be 16 windows, or 32 in all, as
the first and last beds on each side have one end-window (top
and bottom of ward) to themselves,

Length of ward=120 feet; 15 beds down each side; length
of wall for each bed =8 feet, or 4 feet from the middle line of
each bed.

Width of bed = 3 feet. Total free space per bed = 8 — 3 = 5 feet,
or 2.5 feet on each side (4 —1.5=2.5 feet). This leaves u clear
space of 5 feet between adjacent beds.

If the ward is 15 feet high and each window is 3 feet above
the floor and 6 inches short of the ceiling, its total length =15 -
3.5 feet = 11.5 feet. As the upper half of the window usually
opens, its width to obtain an open space of 2o square feet must
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be %‘i x width = 20 square feet ; width = = 3.5 feet.

A window being placed centrally between two beds (i.e., in the

35

centre of the intermediate space of 5 feet) == or 1.75 feet of

this wall-space is occupied by the window, leawng a distance of
2.5 —1.75=0.75 feet or ¢ inches between the side of the bed and
that of the adjacent window, measured along the wall. As the
head of the bed is placed about a foot off the wall this distance is
only relative to the surface of the wall.

Distance between centres of two windows =8 feet,

Wall-space between adjacent sides of two windows = 4.5 feet.

ExamprLe.—A ward for general cases is to contain 8 beds.
(Caleulate the dimensions and window-space, &e.

Total cubic space = 1500 x 8 : . = 12,000 cubic feet,
5. door o, = I2ERes : . = 1000 square ,,

Length x 25 x 15=12,000 .. length . =32 feet.

Wall-space = %"' .. . . =8 feet per bed.

Space between beds=8 -3 . ; {= 5 feet (2.5 teeeiSy

the sides of each bed).
= 160 square feet

! 12000 (about } floor-space).

Total window area = e : - 180 square feet on each
side of the ward.

One bed between two windows ' {s?di ;ﬁ:]f:fa:; e
Area of each window = 89 ‘ ; . = 16 square feet.
Total length of window ; : . =1L5 feet.
Half the length usually opens, there-
fore width of window ;—:5 : ; : } = 2,75 feat,

Distance between edge of bed and sides )

of adjacent windows (measured along
s ?3 - = 1.1 foot.
wall)= 2.5 - . : . .

If all the 10 wmduws were open at the |
upper half, and formed the only means | = 32,000 cubic feet
of ventilation, total inlet-area= 160 [per hour.

square feet, and total air-supply . .

E
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= inear ft. per hr.
S ineie of s airront 32,000 { 200 linear ft. per hr

160 0.06 o 1y oy BEC

If the ward had a residual amount of
fresh air equal to its cubic capacity
(12,000 cubic feet) before it was occu-
pied by the 8 patients, the amount of
fresh air required to be supplied through | = 125 linear ft. per hr.
the 10 windows would be 32,000 - 003 Ly -
12,000 = 20,000 cubic feet, and the
velocity of the air-current during the
20,000

160 )
Estimation of CO, in Air—Pettenkofer’s Method.
1. Baryta water. 4.5 grammes Ba2(HO) per litre.*

Oxalic acid. Standard solution: 1 e.c.=0.25 e.c. CO,.
Meraop.—C,H,O, 4+ 2H O =126 grammes. CO,=44 grammes,
One molecule of acid combines with as much barium hydrate as

one molecule of CO,. Therefore 126 of oxalic acid correspond to
44 CO,.

first howr of occupation would be

1 litre CO, at N.T.P.= 4—: % 0.08036 = 1.965 grammes.
3 13 T . . . '_Gq.gl glﬂmme
A i L T e @=1.41 grammes,

.. 1.41 grammes of -::-xahc ﬂEld dissolved in 1 litre of water
are equivalent to o.25 c.c. CO,.

The same result may be obtained by using Avogadro's law :

44 grammes CO, at N.T.P. : 3 = 22.32 litres.

. 126 ,, oxalic acid at NT.P. . = LTy DI

And b = 5.64 grammes oxalic acid =1 litre f CO,.
22.32 :

. 5.64 grammes oxalic acid dis-olved in 1 litre of water=1
litre of CO,; and 1 c.c. of this solution =1 c.c. of CO,,

5.64

A solution containing b 1.41 grammes oxalic acid per litre,
I c.c.=0.25 c.c. of CO,

IT. Lime water. Clear solution (saturated).

Oxalic acid. Standard solution, 1 c.c. = 1 mgr. CaO. Ca(Q = 56.
CH,O,+2H,0=126. One molecule of acid combines with as
much CaO as a molecule of CO.,.

56 :1::120:% @x=225 grammes.
* Or: Ba2(HO) 28 gms. BaCl, (10 % sol" ) 5 c.c. Water 4 litres,
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2.25 grammes of oxalic acid per litre: 1 c.c. =1 mgr. CaO.

Ca0O + CO,=CaC0O,. 1 mgr. CaO B mgr. CO,.

(56) (44) (100) 56

1 litre of CO, (or 1000 c.n.):% x 0.0896 = 1.97 grammes = 1970
mgrs.

1970: 2% :: 1000: 2. 2=o0.4 cc. CO,
*. 1 c.c., oxalic acid solution =1 mgr. CaO=o0.4 cc. CO, (2.25
grammes per litre).

ExampLE.—(1) Total air-eapacity of dry jar=4320 c.c.
100 c.c. pure baryta solution added (jar shaken for half an
hour*).

25 c.c. pure baryta solution . = 42.8c.c.oxalicacid solution.
c.c. baryta solution + CO, of

;ﬂl in jar . T e } = 390,680 5

.'. 25 c.c. baryta solution + CO,of | = 3.2ce. ,, s

air in jar . : : : . J representing CO, absorbed.

1 c.c. oxalie acid solution . . =o0.25 c.e. CO, (standard).

s 3.2x0.25=0.38 ee. CO, in 25 c.c. baryta solution taken
from jar.

0.8 x 4= 3.2 c.e. CO, in 100 c.c. baryta solution added to jar.

(As this amount is identical with the 3.2 c.c. obtained by
subtraction above, the former result can be taken at once as the
amount of CO, absorbed by 100 ec.c. of baryta solution.)

Actual volume of air tested = 4320 — 100 =4220 c.c.

Percentage of CO, present : 4220 : 100 :: 3.2: 2. =0.070 per
cent. of CO, or 7.6 volumes CO, per 10,000 volumes of air “at
current temperature and pressure” (1 cubic metre = 1oco litres).

If temperature=58.6" F., and pressure = 29.264 inches, it is
unnecessary to alter these to C° and mm. :

To correct for normal temperature and pressure (32° F. and 30
inches) :

_4220%(459+32) 29.264 _
" (459 +58.6)

30049 : 100 :: 3.2 : & a=o0.08 per cent. of CO,, or 8 volumes
CO, per 10,000 volumes of air.
As the “correction” for N.T.P.is trifling, it is, as a rule,

3904.9 c.c. of air at N.T.P.

* Clowes and Coleman shake up for half an hour and titrate the whole
of the lime-water in the bottle itself (Quantitative Analysis).
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only made at altitudes above sea-level where the difference of
pressure is considerable,

ExanrLe.—(2) Total capacity of air-jar = 4640 c.c.

100 c.c. of lime-water added (jar shaken for three-quarters of
an hour).

25 c.c. pure lime-water . . = 309.6¢.c.oxalicacidsolution

25 c.c. of lime-water from jar . = 34- S8 o w -
[ = 4 3 C.C.

.. 25 c.c. of lime-water from jar - corresponding to LD, " ab-
lum ‘bed

Oxalic acid solution : 1 c.c. . =o0.4 c.e. CO, (as above).

"'—u

=1.92 ce. CO, 1n*5 c.c. of

8 i " | lime-water from jar.

| =7.68 c.c. CO, in 100 c.c. of
o ks I " |lime-water added to jar.
Air in jar=4640-100 , i =AEAD EP

". 4540 : 100 :: 7.68 : & x=o0.169 per cent. of CO, in air,
or 16.9 volumes of CO, in 10,000 volumes of air, “at current
temperature and pressure.”

Supposing temperature and pressure are to be expressed in C.”
and mm., and are read originally as 46.5° F. and 30.46 inches.
These correspond to 7.4° C. and 771.65 mm,

To correct 4540 c.c. of air to N.T.P. (0" C. and 760 mm.),

45:2?};&‘;344}; 2 K ?1;16:5 4506.7 e.c. of air at N.T.P.

4506.7 : 100 :: 7.68 : . z=o.17 per cent. of CO, in air, or
17 volumes of CO, per 10,000 volumes of air.

‘."l-_

Estimation of CO, in Air by aspiration through Petten-
kofer’s Absorption-tubes.

Baryta solution, strength as before (p. 71), or it may be twice
as strong,

First tube may contain 150 c.c. or 1oo c.c. of solution, and
second tube 100 c.e. If the solution is sufficiently turbid “after
1 to 4 litres have passed, the aspiration may be stopped and
the estimation of CO, made. As a rule, in the open air 10 litres
are passed through ‘at the rate of 1 litre every quarter of an
hour or 1o litres in two and a half hours. The mean temperature
and pressure must be observed during the process, and if the
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fluctuations are not great, may be taken at “half-time” as an
approximation,

ExaMpLE.

Pure baryta solution: 25 c.c.=42.6 c.c. oxalic acid solution.
10 litres air aspirated.

First tube (containing 100 c.c. pure baryta solution) :

25 c.c. = 30.7 oxalic acid solution.

42.6 — 39.7 = 2.9 c.c.equal to CO, absorbed by 100 c.c.baryta soln.

Fic. 19.—Estimation of COy by Pettenkofer’s Tubes,

Second tube (containing roo c.c. pure baryta solution)

25 c.c. = 42.2 e.c. oxalie acid solution.

42.6 (pure baryta solution) - 42.2 = 0.4 c.c.:

. 2.040.4=3.3 c.c. in 10 litres of air.

Supposing 10 litres of air (10,000 c.c.) corrected for N.T.P.
=850 c.c.

-







CHAPTER V,
WATER.

Warkr is taken as the standard for determining the unit of heat,
the specific heat and latent heat of a body, and also as the
standard for ascertaining the relative density or specific gravity
of solids and liquids, as already indicated.

The unit of heat is the amount of heat required to raise unit
mass of water one degree in temperature. It varies with the
unit of mass and secale of temperature adopted :

Centigrade Scale.—A kilogramme of water at o° C. is the
unit of mass, and the amount of heat required to raise it«
temperature from o° to 1° C. is the unit of heat known as the
“ (falorie.” The small ealorie is the heat that will raise one
gramme to the same extent.

Fahrenheit Scale.—The amount of heat necessary to raise the
temperature of a pound of water 1° F. either from 32° F. to
33° F. or from 60° F.to 61° F.—the latter temperature being
the usual one—is the British unit of heat.

The specific heat of a body is the ratio of the amcunt of heat
taken in by the body when its temperature increases one degree
to the amount of heat taken in by an equal weight of ice-cold
water for a similar rise of temperature,

By ¢ Dulong and Petit’s law,” the specific heat of an element
varies inversely as its atomic weight.

In the Centigrade system the temperature of the water is taken
at 4° C.—i.e., at maximum density. In the Fahrenheit scale it is
estimated at 60° F,

The specific heat of a substance when mixed with another can
be ascertained by the following formula :

Let S.H. = Specific Heat, W, = Weight, and t, = temperature of
the one substance.

Let S.H.,=Specific Heat, W,= Weight, and t,=temperature of
the other substance.

Let T = common temperature of both substances after mixing.
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SH, W, x(T-t)
S.H., =W, x (5 - 1)
If 5.H., = specific heat of water, it is equal to 1.
W, x (T —t,)
O S'H'l = wl % (t.l —T).
ExampLE.—A kilogramme of iron at a temperature of 100" C.
is placed in a kilogramme of water at 4° C. On cooling, the

common temperature is found to be 13.8° C.
The specific heat of iron is found as follows :

gEEst—q) 98
F9lioo-136) 862 ¥

ExamrrLe.—A kilogramme of ice is mixed with two kilogrammes
of boiling water. Find the temperature of the water when the
ice has melted. The specific heat of ice is o.503.

T-1
H: 0.505. 2T —200= —o.505T.
2.505T = 200T = 79.8° C.

Latent heat is the heat absorbed by a body in changing from a
solid to a liquid (““latent heat of fusion ™), or from a liquid to a
gaseous state (‘‘latent heat of evaporisation”). It is a trans-
formation of energy in the form of heat into another form of
molecular energy. The latent heat of water is 8o heat-units of
the Centigrade scale, and 143 heat-units of the Fahrenheit
system,

The latent heat of steam is 536 kilogramme-units C., and
966 pound-units F,

Calculations of Water-Supply.

Data required : Depth of water.
Area of the receiving-surface.
Loss by evaporation, &e.

Rain Water.—The depth of rainfall is calculated by the rain-
gauge (vide Meteorology) and by recorded observations extending
over many years.

Hawksley’s Formula for the Estimation of Rainfall :

1. Ascertain the average rainfall for 20 years,
2. Amount of rainfall in the wettest year =average rainfall + 1.
3 T T driest o F T iE "‘1!{

Or amount of rainfall in the driest year=average rainfall in
3 driest years,
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Symons’ Formula (for the British Isles):
Let the average rainfall =1.
Rainfall in the wettest year = 1 + } = 1.5 (half above the average).

»w » driest ,, =1-1=23oro.7(one-third below the
average).

” - i of 3 consecutive years=1-—}=0.8 Sﬂne-
fifth below the average).

ExampLE—Supposing 37.3 inches=the mean rainfall of the
United Kingdom :

By Hawksley's formula: Wettest year = 37.3 + 12.63 = 49.93 ins.
Driest  ,, =37.3—-12.6 =24.7 »

By Symons’ - Wettest ,, =37.3+18.65=55.95 »
Driest ,, =37.3—12.6 =24.7

Driest of three consecutive years=37.3— 7.46=29.84 ,

1 inch of rainfall over 1 square yard of surface (1296 square
inches) = 1296 cubic inches. 277.27 cubie inches = 1 gallon.
.~ 1 inch of rainfall over 1 square yard of surface (1296 square

6
inches) = 2—1?%92? == 4.67 gallons.
1 inch of rainfall on 1 acre=4.67 x 4840 = 226028 gallons.
1 gallon of water at 62° F.=10 lbs,

22602.8 X 10
2240

1 inch of rainfall over surface of 1 acre (at 62° F.)=

= 100.9 Or 101 tons nearly.

Area of Receiving-surface.—The watershed may be estimated
from the contour-lines of an Ordnance Map. Where contiguous
lines are far apart the slope is small, and where they are close
the land is steep and the “head” of water great. The point at
which one contour-line crosses another is a “col” or *saddle-
back ”—the upper level descending to the lower. All water-
courses, marking lines of greatest incline, cut the contour-lines
at right angles.

If the rain-water sinks into a porous stratum which is not
overlying an impervious layer, the effective receiving-surface
cannot be determined by the watershed of the porous layer, but
only by that bounding an underlying émpervious stratum, which
may be ascertained from a Geological Map of the district.

Area of receiving-surface in square feet x rainfall in inches _

12
cubie feet of water per annum.

0.16 cb. ft.=1 gallon. ... 1 ch. fb*=5'11_ﬁ gallon = 6.2 5 gallons.

The usual estimate is 6.23 gallons.
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Temperature of the air, the nature of the receiving-surface,
growing vegetation, &e., cause a loss of water by evaporation,
leakage and absorption, which is to be deducted from the above.
These conditions vary indefinitely. As a rough estimate } may
be deducted from the amount, which is equivalent to multiplying
the result by o.75. A more accurate result is obtained by
estimating at the same time the rainfall and the actual discharge
of streams supplied by the area,

If the surface is a sloping roof, only the horizontal area it
covers is to be estimated as a ““receiving-surface.”

ExauprLe.—Area of receiving-surface = 2000 square feet,

Mean annual rainfall = 26.7 inches,

Volume of water available per annum, after deducting } for
2000 X 144 X 20.7

evaporation = St X 0.75.
= 2000:;26.? X 0.75 = 3337.5 cubie feet per annum.
=3337.5 X 6.25 =20859.375 gallons, or 57 gallons per
diem.

Hawksley’s Formula for Storage in the impounding
reservoir,

Number of days’storage =D.
Mean annunal rainfall in inches for three consecutive dry years

~F-p-T0

F.
E}MMFLE:{‘—ME&H annual rainfall = 49.61 inches.
Taking Symons’ formula and deducting ! (i.e., multiplying the
mean annual rainfall by 0.8) :
Mean annual rainfall of the driest of three consecutive years =

49.61 x 0.8 = 309.69 inches,

Davs’ _ 1000 1000

ys storage o, 63

Dr. Pole’s Formula for the Area of the Collecting-surface:

Mean annual rainfall in inches = R.

Daily supply in gallons = (i,

Area of collecting-surface in acres = A,

Loss by evaporation in inches = E,

G=62 A (R-E).

In a rainy place: 150 G=62z A (R - E).

n dl"}" 17 - 200 G = gom ]
EXAMPLE.—710,000 gallons are required as a daily supply.
Estimating a loss by evaporation of 1 R in all cases.

= 158.73 days.
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(1) Where R = 25 inches.
10,000 =02 A (25 — 35). ﬁzA:i?—’;;iG. A =8 acres.

(2) In a wet place with a rainfall of 50 inches:
10,000 x 150 =062 A (50 — 10).
10,000 X 150
o 62 x 40

(3) In a dry locality where the rainfall is 15 inches :
10,000 X zo0 =062 A (15— 3).

= 6035 acres,

10,000 X 200
A=— = 2588 acres,

bz x 12

Water-Supply of a Stream.— Current-meters are used to
indicate the rate of flow or the supply in gallons.

The stream is also dammed up and the water conveyed along a
channel of known dimensions, which may be a trough—i.e., length,
width and depth and the velocity of the current are estimated along
the length of the channel by using a float as indicator.

Outflow = velocity x width x depth.

(1) Discharge through a sluice: Area of the sluice = width

% height.

“ Head of Water »:

() sluice above the lower level, =height of the upper level of
the water above the centre of the opening of the sluice.

(#) Sluice entirely below the lower level, = difference of level of
the water above and below the dam.

Discharge in cubic feet =area x 5 ./ head of water. {Ponce]et
and Lesbro’s formula.)

Examrre.—The sluice has a length of 10 feet and a height of
2 feet, the height of the upper level of water above the centre is
6.76 feet.

Discharge =10 x 2 % 5,/6 76.

= 100 X 2.6 = 260 cubic feet.

2) Di-charge over weir: theoretically it is equal to that of a
body falling freely through the distance of surface-level above and
below the weir: ©* = 2gh, or v =8,/ H (as in Montgolfier’s formula).
This is the velocity of the lowest stratum of water: the average
veloeity is 2 of 8,/H.

Blackwell’s Formula for Discharge over a Weir :
(Q = cubie feet per minute passing over weir, '
w = width of weir in feet.

d = depth in inches over weir.
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4.5 = “factor” (varying from 3.5, depth =1 inch; to 4.4, depth =
9 inches).

Q=4.5 xw Jd.

Examrre.— Wid:.h of weir = g feet.

Depth ,, ,, =4 inches.

Q=4.5 x g X,/4*= 4.5 X 9 x 8 = 324 cubic feet per minute,

Yield of a Stream.

Ascertain the mean depth by repeated soundings along as
uniform a channel as possible, noting the length and breadth,
and the surface velocity of the current by a float.

The mean velocity is estimated as £ or 0.8 (by some as 3)
the surface velocity.

ExampLE—Width of stream = 16.5 feet ; mean depth = 4 feet.

Velocity of surface current =45 feet in 70 seconds = 38.6 feet
per minute.

Mean velocity = 38.6 x 0.8.

Sectional area = 16.5 x 4 square feet.

Qutflow = 16.5 x 4 x 38.6 x 0.8 =2038.08 cubic feet per minute.
2038.08 x 6.25 = 12,738 gallons per minute.

The Hydraulic Ram is employed to raise water from a stream
to a maximum height of about 150 feet. For any height above
this the proportion of water wasted exceeds the amount supplied.
Height to which water ean be raised = 25 x height of fall (** head ”}.
A fall below 12 inches is ineffective, and one above 6 feet causes

too great a strain on the apparatus.

If height of fall=6 feet, 25 x 6= 150 feet or maximum “ hift.”
From 50 to 8o per cent. of the available power can be utilised.
The waste water is troublesome to dispose of,

ProsLEM —* Assuming that in a chalk formation the qnantity
of retained water is 16 per cent. of the volume of the chalk, and
that the curve of saturation is a straight line, find the number
of gallons of water contained in a hill 1l miles wide (i.e.,
measured at right angles to the line of greatest slope) and in
which the highest point of the curve of saturation is 51 feet
vertically above the lowest and a mile from it horizontally.”
(Cambridge University.)

Area of triangular surface A BC
=base x 1 height.
= 5280 x 5—- feet.
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Area of solid triangle ABC E
DEA
=areaof ABC x AE

—5230:{52 x (1} x 5280) /2Mile

cubic feet.
= 1,066,348,800 cubic feet
in which water=16 per 4
cent.
100: 16 :: 1,066,348,800 : @, S/Ft
x = 666,468 cubic feet x 6.25

IMile 22 /e

= 4,165,425 gallons,
(1 cubic foot of water=6.25 F16. 20,
gallons.)

The Suction-pump.—Atmospheric pressure on the external
surface of water causes it to rise into the pump-barrel, when the
ascent of the piston produces a vacuum,

Maximum height of mercurial column supported by atmos-
pheric pressure = 30 inches or 2.5 feet.

Mercury is 13.6 times heavier than water.

.. Maximum height of water-column supported by atmospheric
pressure = 2.5 x 13.6 = 34 feet.

The piston when raised to its highest point must, theoretically,
not exceed a height of 34 feet from the surface of water outside.

ExamprLE.— Length of piston-stroke =6 inches.

Height of suction-valve (at bottom of pump-barrel) above
water = 20 feet.

“ Untraversed space ” between lowest point of descent of Ilst(}ll
and the suction-valve = 1.5 inches.

Air-pressure within barrel when piston at highest point=
I.5
6+ 1.5

Atmospherie pressure = pressure of 34 feet of water.

of atmospherie pressure.

. Column of water supported by this pressure= 34 x ;—:
6 8 feet.

.. Maximum height to which water can be raised by pump=
34 — 6.8 =27.2 feet.

Practically, owing to loss of energy from fiiction and the
presence of “ untraversed space” at the bottom of the barrel, the
height cannot be more than 25 feet above the surface of water.

Velocity of Efflux of Liguids.—*Torricelli’s Theorem.”
The velocity is equal to that acquired by a body falling freely in
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air from a state of rest at the upper surface of the fluid to the
centre of the orifice. The velocity is greater as the swiface of
fluid is above the centre of the orifice, i.e,, it increases with the

“ head ” of the liquid, or its height above the opening.

. v'=2gh (vide p. 58). v=,[2g0h. (g=32.)
ExamprLeE.—Let ‘““head” at A (Fig. 21) =1 inch, and velocity =
3 inches per second.
e w B=4 inches,
veloeity of efflux at B =velocity at A x./4

= 3 ¥ 2 =0 inches per second.
e
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Fi1ac. 21.—EfMux of Liguids, Fi1a. z2.—8yphon.

This is the velocity at the ¢ vena contracta ™ of the jet, i..., the
point in the section of the jet where the flow is in parallel lines.

The Syphon.—Let A =level of liquid in upper vessel.
B= A = lower ,,
a = highest point of syphon.
Vertical height of = above A-— 7 inches,

" " L ‘_25 2
" A ,, ,=25—7=18inches,

Atmusphel ic pressure on both surfaces = 30 inches of mercury.
Pressure on the A-side of x= 30— 7 =23 inches.
sy Bade ,, =30—25= 5
Dlﬂ'ereuee of pressure at x=23— 5=18=:due to cl*ﬁ'erence

of le\re] of surfaces A and B, and not to length of “legs.”

Theoretically, the highest point (x Fig. 22) -::r’f a syphen
intended for water must not be more than 34 feet above the
upper surface A, at sea-level, as the air-pressure then is equal t)
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34 feet of water. Practically—owing to loss of energy from
friction—it should not exceed about 33 feet. :

The Hydraulic or Bramah Pressis a practical application of
« Pascal’s law ”: “Pressure exerted anywhere upon a mass of
liquid is transmitted equally in all directions in a closed vessel,

FiG. 23.—Bramah Press,

and acts with the same force on all equal surfaces and at right
angles to them.”

a = foree-pump (Fig. 23).

b= water reservoir.

OL =lever. OM = junction of lever and pump * plunger.”

C = connecting-pipe.

D =cistern of press, E=ram's ‘“plunger” with *ecupped
leather collar ” to prevent escape of water,

If pressure at L = 40 Ibs.

»» sectional area of E =100 times that of the piston in a.

s OL=3x OM.

Upward pressure of plunger= 40 x 3 x 100 = 12,000 lbs,
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CHEMICAL CALCULATIONS.
Total Solids,

(a) 100 c.c. of sample water evaporated.
Weight of platinum ecapsule + solids after

drying and desiceation . . .= 43.317 grammes.
Weight of platinum capsule prev 10115}}' in-
cinerated, cooled and ‘ desiccated ” = e

Total solids in 100 e.c. of sample- 0.032 o
=0.032 gramme in roo grammes of sample (taking 1 ce.=1
gramme

= 32 parts per 100,000 (32 x 0.7 =22.4 grains per gallon).
(b) 70 c.c. of water are evaporated.
Total weight of capsule and solids = 34 42 grammes.

L 1y 1 alﬂne = ‘;4 3 3 7
Weight of total solids in 70 ¢ c. of water= o.09
or g milligrammes .". =9 grains per gallon of total solide,

After ignition, -::uu]mv &e.
Weight of capsule and residue = 34.346 grammes.
34.34ﬁ—34.33=c.016 grammes or 1.6 milligrammes volatile
solids in 70 ec.c. of water, = 1.6 grains volatile solids per gallon.

Estimation of Chlorine.

A colour-reaction with the formation of permanent orange-red
chromate of silver indicating the amount of chlorine used up.
Standard solution of silver nitrate 1 c.c.=1 mgr. of ClL
AgNO,+ NaCl=AgCl + NaNO,. Cl=35.5.
(170) (58.5) (143.5) (83)
35.5 mgr. Cl: 1mgr. Cl:: 170 mgrs. AgNO,: x mars. AgNO,
(monovalent). x= i 4.788 mgrs. AgNO, e, 4.788 mgr.

35-5
AgNO, in 1 c.c. of water =1 mgr. Cl. Therefore 4.788 grammes

of AgNO, dissolved in 1 litre of water form a solution of which
1 c.c.=1 mgr. of chlorine. The bottle containing it may be
labelled “ 1 ec.e.=1 mgr. CL” or *‘4.788 grammes AgNO, per
litre.” If labelled 14.384 grammes per litre and a solution of the
above strength is required: By the equation it is found that
4.788 grains per litre=1 mgr. Cl. in 1 c.e. .. 4.788: 16.758::1: 2

= 3.5 or I c.c. contains 3.5 mgr. Cl—i.e., the solution is three
and a half times too strong. It is diluted down to the required
standard by taking 10 c.c. and adding 25 c.c. of distilled water, thus
making it up to 35 c.c. 1 c.c. of this will contain 1 mgr, of chlorine,
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If using a deci-normal solution of nitrate of silver :

170 grammes AgNO, per litre=N. .. ;1%— 17 grammes per

litre=3.55 grammes Cl. 1 c.c. of solution=o0.00355 grammes
Clor 3.55 mgrs. Use from 100 (Lehmann) to 250 c.c. of water
for testing, ﬂt-hEI'ﬁl'-E the colour develops too quickly.

EXAMPLES.

(@) 100 c.c. of water took 3.5 c.c. standard solution of silver
nitrate (strength 1 c.c. =1 mgr: Cl.) to give permanent orange,

= 3.5 mgr. Cl. in 100 c.c. of water, or 3.5 parts per 100,000.
(3.5 X 0.7 =2.45 grains per gallon.)

(b) 70c.c. water taken. Required 11.7 c.c. standard (1 c.c.=
1 mgr. ClL.)=11.7 mgr. Cl. or 11.7 grains per gallon, or 16.7
parts per 100,000 of chlorine.

(¢) 250 c.c. of water required 2.8 c.c. -f—f__‘ AgNO, solution.

(1 c.c.=3.55 mgrs. Cl)
2.8 x 3.55 =9.94 mgrs. Cl. in 250 c.c. water.
0.94 X 4 = 39.76 mgrs. per litre.
= 3.976 centigrammes per litre or parts per 100,000,
(=2.73 grains per gallon).
As 9.94 mgrs. in 250 c.c.=parts per 250,000, to obtain parts

per 100,000 divide at once by z2.5: ﬁ— = 3.976 parts of chlorine

per 100,000. =

(N .B. The water, silver solution, and chromate of potassium
solution (*‘ Indicator ”) must not be acid, otherwise the orange
reaction will not be permanent—the red chromate of silver gets
dissolved.)

: Chlorine in Terms of Sodium Chloride.

Cl=35.5, NaCl = 58.5.

geicc T clios @ E=71.0E

%.g., 3.976 parts per 100,000 of chlorine=3.976 x 1.65=0.38
parts prr 100,000 of NaCl.

Hardness.

Standard solutions caleulated.

(A) Standard soap solution. Strength 1 c.c.=1 mgr. CaCO,,

Standard solution of pure calcium chloride for standardising
the soap-solution :

Call,=111. CaCll.=1006. fTob: 0 i TITEae
x=1.11 grammes CaCl,,
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1.11 grammes CaCl, per litre = 1.00 gramme CaCO, per litre,
I ¢.c. =1 mgr. CaCO,,
Standard soap solution :
1o grammes Castile soap.
350 (or 700) e.c. methylated spirit.
650 (or 3co0) c.c. distilled water.

Strength : 1 c.c. =1 mgr. CaCO,.

(B) Standard soap solution. Strength 1 c.c. = 2.5 mgr. CaCO,.

Standard solution of barium nitrate for standardising the soap-
solution :

BaZNO,=261. CaCO,=r100. .. 0.261 gramme Ba2ZNO, per
litre = 0.1 mgr, CaCO, per litre. 1 c.c.=o0.1 mgr. CaCO,. 50 c.c.
Ba2NO, solution = 5 mgr. CaCO,.

Standard soap solntion : 2 e.c. = 50 c.c. BaZNO, solution.

eace ==& mpr Call0,. 1 c.c.=2.¢ mar. CaCO,,

Total Hardness.—(A) Standard soap solution: Strength---
I c.c.=1 mgr. CaCO,.

100 c.c. water =13.5 c.c. standard soap solution to form per-
manent lather.

100 c.c. distilled water =1 c.c. standard.

». 13.5 — I=12.5¢.c.—1i.6, 12.5 mgr. CaCO, in 100 c.c. of water
=12.5 parts per 100,000 of total hardness. (12.5x0.7=8.75
grains CaCO,) per gallon, corresponding to 8.75" of Clark’s scale.

To express CaCO, in equivalent terms as CaQ :

CaC0,=100. Ca0=146. 100:1::56:a. & = 0.56.

*. 12.5 parts per 1oo,000 of CaCO,=12.5 x 0.56 =7 parts per

100,000 of CaO (8.75 % 0.56 = 4.9 grains CaO per gallon).

Permanent Hardness —250 c.c. of water boiled down to
about 150 ¢.c., cooled, filtered, and made up to 250 c.c. with
boiled distilled water, 100 c.c. of elear liquid took 5.5 c.c.
soap solution. 5.5 - 1=4.5 ¢c.c. = 4.5 mgr,. CaCO, in 100 c.c.
or 4.5 parts CaCO, per 100,000 (3.15 grains per gailon).

Temporary Hardness.—i12.5 — 4.5 =38 parts per 100,000 ; or
4.9 — 3.15=0.75 grains per gallon.

Total Hardness.— 7o c.c. water took about 29 c.c. soap solution
(same strength).

To obtain a more accurate result: To 70 c.c. fresh sample-
water 70 c.c. distilled water were added, and needed 29.5 c.c.
standard soap solution to give a permanent lather.

If 70 c.c. distilled water take 1 c.c. soap solution for the extra
70 c.c. of water added, 2 c.c. must be deducted.

. 29.5 — 2=27.5 mgr. CaCO, in 70 c.c. of sample = 27.5 grains
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CaCO, per gallin, of total harduess, corresponding to 27.5° of
Clark’s scale (39.3 parts per 100,000).

Permanent Hardness.—zo0 c.c. of water evaporated down

to 100 c.c. filtered, &e., aud made up to 200 e.c. as before.

70 e.e. = 16.8 c.c. soap solution. 16.8 — 1=15.8 mgr. CaCO, in

70 c.c. = 15.8 grains per gallon.

Temporary Hardness.—27 5—-15.8=11.7 grains CaCO, per

g:—lllun.

(B) Standard soap solution. Strength: 1 c.e.=2.5 mgr.
CaCO, (Parkes and de Chanmont).

Total Hardness. - 5o c.c. of water are taken.

0.2 c.c. standard solution produces a permanent latherin 50 c.e.
of distilled water.

e.g., 50 c.c. sample-water = 3.8 c.c. snrap solution.

3.8 —0.2=3.6. 3.6 x2.5=9 mgr. CaCO, in 50 c.c.of sample =
18 mgr. CaCO,; in 100 ec.c. or 18 parts CaCO, per 100,000, (12.6
grains per gallon = degrees in Clark’s scale.)

(Permanent and Temporary Hardness are estimated in a

similar way after the usual preliminaries.)

To reduce a soap solution of strength 1 ec.c.=2.5 mgr. CaCO,
to a strength of 1 c.c. =1 mgr. CaCO,, take 10 c.c. of the former
and “ make up ” with rec.ntly boiled distilled water to 25 c.c.

Estimation of Magnesiain Water after eliminating
Calcium salts. E.g., 70 c.c. of water free from calcinm required
3.4 standard soap solution (strength 1 e.c.=1 mgr. CaCO,).

3.4 — 1 =2.4 grains CaCO, per gallon (vide supra).

.*. Hardness from magnesium salts is equivalent to 2.4 grains
CaCO, per gallon.

. 2.4 % 0.56 = 1.9 grains per gallon of MgCO,.

Estimation of Free and Albuminoid Ammonia.

Wanklyn’s Process. — Standard solution of ammonium
chloride. Strength 1 c.c.=o0.01r mgr. NH,==17. NH/Cl=453.5.
17:1::535: & x=3.15 grammes NH,C] or 1 part NH, =
3.15 parts NH Cl.

3.15 grammes N H CI per litre = 1 gramme NH, per litre.

1 c.c. of this solution=1 mgr. NH,.

1o c.c. of this sulution are made up to 1 litre with distilled
water.

. I e.e.=0.01 mgr. NH,.

ExamprLe.—(1) Free Ammonia.— 50 c.c. of water tested provision-
ally with 2 c.e. © Nessler” give a light tint, therefore soc c.c. of
the sample are taken for distillation.

B el il A e s i it

£
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15t 5o c.c. distillate = 2.6 c.c. standard N H CI solution.

znd T T =1.2 4, ” " 1

grd 1) =0.5 » " 1 1

4t"h " 1 =00 5 3 e "
500 c.c. water=43 ., o

L1 "%
o.01 (1 c.c. = 0.01 mgr. NH,)
M Y » =0.043 mgr. NH,
2
1000 ¢.c. (1 litre),, =o.086 ,, ,,

= 0.0086 centigramme NH, per litre or part per 100,000.
(0.0086 x 0.7 =0.0602 grain per gallon.)

Albuminoid Ammonia.—After adding 50 c.c. alkaline perman-
ganate to the remainder in the flask.
18t 50 c.e. distillate = 4.2 c.c. standard NH (] solution.

z2nd " " =2.7 T T 13
31"':1 ' T =13 53 3] 1 3
-'-I-'-"'-'l'l T 1] ="_}2 3 L) L] 1]
500 c.c. sample =38.4 ,, 5 7 "

0.0

. »w  =o0.084 mgr. NH,
2
1000¢e. (1lit.) ,, =0.168 ,, »

=0.0168 centigramme NH, per litre or part per 100,000,
(c.01176 gram per gallon).

(2) 50 e.c. of water treated with 2 c.c. ® Nessler” gave a

darker colour,
250 c.c. of the sample were put in the distillation-flask.

Free Ammonia —

st so c.e.distillate = 3.6 c.c. standard NH I solution.
2nd " » =28 " " 1 T
31‘!‘.1 1] L = 1.4 4 1 E] T
4“1 3] » = E’_‘S 1 1 " "
250 c.c. sample= 8.1 ,, % & 5
2
500 4, n =102 , 13
0.01 (1 c.c.=0.01 mgl l\Hi)
S L ,» = o0.162 mgr. NH,
2
1oooee.(xlit),, = o.324 , , oro.0324 centigramme

NH, per litre, or parts per 1oo,000.
0.0324 X 0.7 = 0.02268 grain per gallon.
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Albwminoid Admmonia.—After adding 25 c.c. alkaline perman-
ganate to the water remaining in the distillation-flask :
18t 50 c.c. distillate = 2.1 e.c. standard solution

2ndd L " =1.5 5 LE 1
31'{1 1 ” =0.8 " 1
a4th - =0.0
250 c.c. sample=4.4 ,, o o
2
SQD s T =S$ 3 ¥ 1
0.0f (I c.e. » =o0.01 mgr. NH,)
W a. a3 =D0.038 mgr. NH,
2
1oooc.c.(1lit.),, =o0.176 mgr. ,, or 0.0176 centigramme

NH, per litre
=o0.0176 part per 100,000
(0 0176 X 0.7 =0.01232 grain per gallon.)

Wanklyn Nesslerises the first 5o c.c. of distillate in estimating
Jree ammonia, and adds 1 to estimate all the free ammonia in
so0 c.c. of water. The albuminoid ammonia is estimated per 50
c.c. as before.

£.q., 500 c.c. are taken :

1st 50 ec.c. distillate=1.5 c.c. standard solution (1 c.c.=o0.01
mgr.) ; |

3 of 1.5=0.5cc 1.5+0.5=2.0c.c. standard for 500 c.c. of
water.

2.0x 0.01=0.02 mgr. NH, in 500 c.c. or o.04 mgr. NH; in
1000 c.c. (1 litre)=o.00} centigramme NH, per litre or part
per 100,000,

(In waters containing much organic matter the addition of § to
the free ammonia in the first 5o c.c. does not represent all the
ammonia., )

Albuminoid ammonia is Nesslerised in the usual way—each
50 c.c. separately.

Parkes and de Chaumont distilled off 130 to 150 c.c. of the
water for estimating free or albuminoid ammonia, and took
100 c.c. of the distillate for Nesslerising (or 5o c.c. diluted up to
100 c.e. with ammonia-free distilled water if much ammonia,
ascertained by a preliminary test of the distillate, were present).

E.q., 250 c.c. of water were taken and 140 c.c. distilled over,
the last part being free from ammonia.

1oo ec.c. of the distillate= 3.5 c.c. standard ammon. chloride
(1 e.e.=o0.01 mgr. NH,).

100 : 140 :: 3.5 & a=4.9 c.c. solution for 250 c.c. of water,

4 9 X 0.01 =0.049 mgr. NH, in 250 c.c. of water.
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0.049 X 4=0.196 mgr. NH, per litre, or o c196 centigramme
per litre=0.0196 paurt NH, per 100,000 (0.0196 x 0.7 =0.01372
grain per gallon).

Of the three methods the best is to distil and test each 50 c.c,
separately both for free and albuminoid ammonia.

If in the last case 1 c.c. standard solution=o0.017 mgr. NH,,

I00 :I40:: 3.5:®% ®*£=4.9C0C. 4.0%0.0I7X4=0.3332 mgr,
per litre =o0.03332 centigramme per litre,

or part per roo,ooo of NH,.

If there is little free ammonia, which may come off in the first
50 c.c. of distillate, it is a waste of time to distil over 130 c.c.

en bloc.
Dissolved Oxygen in Water,

I. Amount expressed as milligrammes per litre.

Thresh’s Method.—The iodine liberated from an acid solu-
tion of sodium nitrite and potassium iodide, in the presence of
oxygen, is estimated by titrating with a standard solution of
sodium thiosulphate giving a colour-reaction with starch.

Standard solution of sodium thiosulphate. Strength : 1 c.c. =
o.25 mgr. of oxygen.

2Na,S,0,.5H,0 + T, = 2Nal + Na,S,0,

(496)
I, (monovalent) corresponds to O (divalent),
(16)

16 grammes O : 0.25 gramme O : ! 496 grammes thiosulphate : a.
@=—==7.75 grammes thiosulphate.

.. 7.75 grammes per litre =o0.25 mgr. O per 1 c.c.

Let e=c.c. of standard thiosulphate used in estimating the
amount of oxygen in the sample of water,

[ = capacity of stoppered tube in c.c. - 2 c.c.

(*— 2 e.c.” =deduction for 1 c.c. sodium-nitrite-and-potassium-
iodide solution + 1 e.e. dilute sulphurie acid.)

b=*correction” in c.c. for oxygen contained in these two
solutions.

d o "
solution itself,
(At ordinary ¢ laboratory temperatures” =0.31.)

Amount of dissolved oxygen in mgr. per litre = I—zj,.q x (e~ b —ed).

” ) P 1 thiﬂSlﬂphate

If the capacity of the *separatory tube” be 252 c.c., f=

1000
(252—2)+ e and the formula becomes (e — b — ed).
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Exampre.—z252 e.c. of shallow-well water in * separatory tube "
used 10.22 c.c. thiosulphate; b=2.1 c.c. d=o0.31.

1000

2(as2-2)" {10.22 — 2.1 — (10.22 X 0.31)} = 1 x {10.22—2.41682}

= 7.8 milligrammes O per litre.
11. Expressed volumetrically as c.c. per litre.

Winckler's Method.—A solution of manganous chloride is
oxidised to manganic chloride, and the iodine, liberated by the
action of potassium iodide, is estimated by titration with a standard
solution of sodium thiosulphate with starch as the indicator.

Standard solution of sodium thiosulphate. Strength: 1 c.e. =
0.1 c.c. OXygen.

2Na 8,0, 5sH,0+1,=2Nal 4+ Na, 80, I,=0=r11.16 litres.

496

IIFII? :)1 ;1496 : 2. x=44.4 grammes thiosulphate=1 litre
oxygen.

44.4 grms. thiusulphate per litre : 1 c.c.=1 c.c. oxygen.

4.-44 " =o1¢eCcC 4,

MnCl, solution = 40/ KI 1o grms ‘in sesin ol 8N.NaHO,

ExamrLe.—After adding to the water 2 e.c. manganous chloride,
and 2 c.c. potassium iodide-and-caustic soda solutions, and finally
3 c.c. strong HCI :

250 c.c. water = z0.5 c.c. standard thiosulphate solution.

.*. 1000 ¢.c. water 8z c.e, o -

1 c.c. standard = o.1 c.c. oxygen.
s (1 litre) water = 8.2 c.c. dissolved oxygen.

Oxidisable Organic Matter.

I. Tidy’s Process.—Oxygen absorbed from standard potassium
permanganate is estimated by titration with sodium thiosulphate.

Standard solution of potassium permanganate. Strength :
10 ¢.¢. =1 mgrm. of oxygen.

4KMnO, + 6H,50,=2K,S0, + 4MnS0O, + 50, + 6 H,0.
(632) (160)
160:1::632:2x x=3.95 grms. KMnO,=1 grm. oxygen.
3.95 grms. per litre=1 grm, O per litre : 1 ¢c.c. = 1 mgr. oxygen,
0.395 grm.  ,, =O0.I i I 10 G =1 o
Sodium thiosulphate solution : usufn,ll:,r 1 grm. NaS,0,.5H,0
per litre.

If the required strengthis ““ goc.c.=1mgr. 0" : 16 : 1 : : 496 : .
x=31 grms.=1 grm. O. 3.1 grm. per litre =1 mgr. O per litre,
3.1 grms. in 4 litres : 40 c¢.c.=1 mgr. O,
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ExaMpLE (1).—250 c.c. water at 26.7° C. (80° F.)+ 10 c.c.
standard permanganate + 10 c.e. dilute H,S0,=27.5 e.c. thio-
sulphate solution.

250 c.c distilled water similarly treated = 39.3 c.c. thiosulphate

solution.
= 10 c.c. standard permanganate.

=1 mgr. oxygen,
39.3 — 27.5 = 11.8 c.c. thiosulphate solution equivalent to oxygen
taken up by organic matter.
39.3:11.8 :: 1 mgr. O:a. xz=o0.3 mgr. O taken up by 250 c.c.
of water,= 1.2 mgr. per litre=o0.12 centigramme of oxygen per
litre, or parts per 100,000.
(2) 200 c.c. distilled water treated as above= 38.0 c.c. thio-

sulphate solution.
= 10 c.c. standard permanganate,

= I mgr. oxygen.
200 c.c. sample water treated as above =22.7 c.c. thiosulphate
solution.
38.0-22.7=15.3 c.c. thiosulphate representing oxygen ab-
sorbed by organic matter.
38.0:15.3::1: 2 x=o0.4 mgr. O absorbed in zo0 c.c. of water.
= 0.2 D 1 100 ¢.c. 1
or 0.z part of oxygen per 100,000.

Nitrites.

Griess’ Test.—A colour reaction by nitrites acting on meta-
phenylene-diamine and dilute sulphuricacid. Matched by standaird
solution of potassium- or sodium-nitrite, Strength 1 c.c.=o0.01
mgrm. N,O,.

ExaMPLE.—100 c.c. water + 1 ¢.c. metaphenylene-diamine solu-
tion + 1 e.c. dilute H, SO, were matched by 8.5 e.c. standard nitrite
in 100 c.c. distilled water similarly treated.

1 c.c. standard = o.o1 mgr. N,O,.

.. 8.5 c.e.=0.085 mgr. 5 in 100 c.c. of water.
= 0.085 part 1 per 100,000.
8
Noma28, NO =76, N,:NO,::28:76. NE:;—ﬁ of N.O,=0.37
x N,O,.

8.5 c.c.=0.085 x 0.37 =0 031 part per 100,000 of nitrogen.

Nitrates and Nitrites.

By the “zinc-copper couple,” or aluminium and caustic soda
method, all oxidised nitrogen =ammonia; this is estimated by
Wanklyn's process,
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ExamMPLE.—500 c.c. water originally contained o.006 part per
100,000 of free ammonia.

250 c.c. from the same sample after the zinc-copper process by
Nesslerisation = 0.28 part per 100,000 of ammonia. 0.28 —0.006
=0.274 part of ammonia per 100,000 from nitrates and nitrites.

To express as “ nitrogen in nitrates and nitrites”: N — 14.

NH,=17. N: NH;::14:17. H:%NH,

I ;
AT < o 1_?2'3'23 nitrogen per 1oo,cc0 of water.

Nitrates.

Phenol-Sulphonic Method.—Colour-1eaction obtained by
acting on nitrates with phenol-sulphonic acid and ammonia, and
matching the colour with a standard solution of potassium nitrate
similarly treated.

Standard potassium nitrate solution. Strength: 1 c.c. =o0.1 mgr.
nitrogen.

101

KNO,=N. P
(ro1) (14)

. 0.722 gm. KNO, per litre. 1 c.c.=o0.1 mgr. N.

ExamrLE.—(A) 25 c.c. water-sample evaporated | Made up to 50
to dryness c.e. with dis-

+ 2 ¢ c. phenol-sulphonic acid tilled water in

+ 20 cc. (or ¢.s.) strong NH, solution. | Nessler-glass,

(B) 10 c.c. standard potassium-nitrate solution |
+ 2 c.c. phenol-sulphonic acid -
+ 20 c.c. (or ¢.s.) strong NH, solution. |

The latter (B) gave the darker colour, and was carefully
“ poured oft” from the Nessler-glass till 20 c.c. remaining bhad
the same colour as the contents in the other glass (A).

13

£ Ez of 10 e.c.=4 c.c. standard nitrate solution matched

colour due to nitrates in 25 c.c. of sample-water,

1 c.e.=0.1 mgr. N. .. ge.c.=o0.4mgr. N in 25 c.c. of sample-
water,
=1.6 mgr. N in 100 c.c. of sample-water.
or 1.6 parts ,, 100,000 , i
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Quantitative Estimation of Lead, Copper, Iron
and Zine.

Standard Solution of Lead Acetate.
Pb2(C,H,0,).3H,0 = 379.Pb = 207. %%‘;‘ — 1.83 lead acetate.

1.83 grms. acetate per litre =1 grm. lead per litre.
I c.c.=1 mgr.of lead. (0.183 grm. per litre: 1 c.c. =o0.1 grm. Pb.)

Standard Solution of Copper Sulphate.

CuS0,.5H,0 = 249.2. Cu=63.2. ?;'f — 3.04 copper sulphate.

3.94 grms. per litre =1 grm. copper per litre.
I c.c. = 1 mgr. of copper. (0.394 grm. per litre: 1 c.c. =o.1 grm. Cu.)

Standard Solution of Ferrous-Ammonium-Sulphate.
2
Fez(NH,).2(80,).6H,0 =392.  Fe=36. 3155:,;— — 7 ferrous
ammonium sulphate.
7 grms. per litre=1 grm. iron per litre. 1 c.c.=1 mgr. iron
(0.7 grm. per litre. 1 c.c. =o0.1 mgr. Fe.)

Standard Solution of Zinc Sulphate.
3
ZnS0,.7H,0=287. Zn=6s. E=4.4; 5.
4-415 grms. per litre=1 grm, zinc per litre, 1 c.c. =1 mgr. zinc.
(0.4415 5, ; 5 IcCcC.=o0.I mgr.Zn.)

ExAMPLE.—200 c.c. sample water evaporated down

to 100 ¢.c. (containing lead) In 100 c.c.
+ 2 drops acetic acid - Nessler-
+ 2z drops concentrated ammonium-sulphide glass,
solution, )
I's matched in tint by 100 c.c. distilled water )

+ 1.5 c.c. standard lead-acetate solution
(r c.e.=1 mgr. Pb.) . -

+ 2 drops acetic acid

+ 2 drops ammonium-sulphide solution.

1.5 x 0.1 =0.15 mgr. of lead in 200 c.c. of sample-water.

=D‘D?5 ” b L] ] 100 11 L) n R
= , part per 100,000 (0.075%0.7=0.525 grain
per gallon.)
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Percentage of Moisture in Soil,

¢ Moisture " = air + water.
Weight of soil before drying ; 100 : : loss of weight after
drying ; percentage of moisture,
loss of weight after drying
- ——= % 100.
weight before drying
ExampLE.—Moist soil = 10 grms.

After drying at 100° =6.5 grms. Loss of weight =10.0-6.5
= 3.5 grms.
10: 100:: 3.5: Percentage of moisture= 35.

Percentage of moisture =

S8pecific Gravity of Soil

1. “ Apparent Specific Gravity.”” (Soil containing air.)
__ Weight of known volume of soil
~ Weight of an equal volume of water

ExamprLE.—Weight of dry cylinder + dry soil = 1206 grammes.
»w 3 cylinder + distilled water=943 ,,

(water = 1),

5 ,» dry eylinder (empty) =387 %
1206 — 387 =819 grammes = weight of soil.
943 =387—556 ,, = , , Wwaber
556 : 1 ::819: apparent sp. gr.=1.473 (water=1).

: : Weight of soil.

2. True Specific Gravity = Weightof an equal volume of water
( = weight of water displaced by soil).

ExampLE,—Weight of soil = 5 grammes,

Weight when sp. gr. bottle is full of distilled water = 25 grammes.

% of . - empty B I2.38 5
1) 1 ) " + so1l + distalled

water (both boiled

and freed of air) =40.2

40.2 — 12.25 =2%.95 grms. (soil and water in bottle)
(5+ 25) — 27.95 = weight of water displaced = 2.05 grammes.

True sp. gr.= 2%5 = 2.4 (water=1).

3. Pore-volume, or Volume of soil occupied by air:

A_Ppareut Sp.gr. 1.473
True sp. gr. ~— 2.4

1 — 0.6 =0.4 or 40 % ="*‘pore-volume,”

= 0.6 of total bulk occupied by soil.

L






CHAPTER VII.
SEWERAGE.

Circular Pipes,

“ SECTIONAL AREA 7 : that of a transverse section of the fluid, or of
the interior of a pipe==r? (the area of a circle).

“ Wetted perimeter”: length of are, in a transverse section,
wetted by the contained fluid.

: Sectional area of fluid
Hydraulic mean depth = Wetted perimeter *

In a circular pipe the “ H M.D.” is always } the diameter,
whether the sewer is running full or half-full.

If ruuning full : Sectional area of fluid =internal circular area
of pipe=mr®, Wetted perimeter =circumference of circle=2xr,

’ Diameter
r =radius=——
2
xr? r Diameter
HMD="—=—-=———,
2rr 2 4

=r:  Diameter

If running ! full: H. M, D.= =

—
_—

SEINE

Velocity of Flow: V=55,/2 DxF.

Eytelwein’s Formula founded on that of De Chezy.

V = velocity in feet per minute.

D = Hydraulic mean depth in feet.

F =fall in feet per mile,

V x Sectional area in feet = Discharge per minute in cubic feet.

ExaurLe.—(1) A g-inch drain is to have a velocity of 3 feet per
second. The required fall or “ gradient ” is to be calculated.

H.M.D.=} of g inches = foot.

Velocity = 3 feet per second = 180 feet per minute,
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4"=11n 40; 6"=1 in 60; g = I in go, &c.

When drain-pipes are running half- or more than half-full the
incline may be less; usually they are not more than } or % full,
and the inclines given should be carried out (W, C. Tyndale.)

Bailey Denton and Baldwin Latham recommended smaller
gradients :

Velocity

per second.
Diameter. 2 feet. 3 feet. 4 feet.
Fall=1 in 1 2
é ¢ i ? gs Running full
9 " 437 206 119 or § full,
12 " 583 275 159

Velocity in feet x inclination = length of sewer.
E.g., velocity = 4 feet per second.” Fall=%1in 119.”
Required length of sewer=4x 119 =476 feet.

Civil engineers in planning drainage systems are guided by the
following practical rules :

As regards main sewers :

1. On the Separate System —admitting sewage proper and
rainfall from back roofs and yards only: The allowance is 40
gallons per head, or 200 gallons per house, made up as follows:

25 gallons per head for water-supply (which practically all goes
into the sewer); 15 gallons per head for rainfall.

The usual allowance per head for backyards and roofs (in the
separate system) is 10o square feet, and } inch of rain upon an
impervious surface of this extent yields 13 gallons. Deducting }
for loss by evaporation and absorption (= 3.25 gallons) the actual
flow-off is 9.75 or 9 gallons. The allowance for rainfall is pur-
posely taken high to allow for thunderstorms. 15 gallons=§ inch
of rainfall daily on a surface of 100 square feet.

As the flow of sewage is variable, half the total daily volume is
allowed to be discharged in 6 hours, and sewers are constructed of
such a size that will discharge this amount when running Aalf full.

The Local Government Board requires that all sewers on the
separate system shall be capable of discharging six times the dry-
weather flow when running full; after which storm-water over-
flows may discharge the excess into the nearest water-course,
The dry-weather flow of sewage is practically the volume of the
drinking-water supply—usually calculated at 25 gallons per head.

25% 6 =150 gallons, This is what a sewer must be capable of
discharging at a minimum velocity of 2 feet per second.

2. On the Combined System : 1. The areas to be estimated
(from Ordnance maps or actual measurements) are :

(a) the area built over, and (b) the area of the roads.
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2. Allowance must be made for the maximum known rainfall
of the district for 24 hours, taking it at the highest recorded rate

r hour.

3. Add to this the flow of sewage proper—i.e. 2 5 gallons per head.

The result is the total volume to be discharged per hour, and
from this the size of the sewer is determined.

Allowing for a rainfall of 1} inches per hour, a 4-inch drain
laid at a uniform inclination of 1 in 6o has a discharging capacity
sufficient for the drainage of a building containing 20 inhabitants,
and an area of 11,000 square feet ; a s-inch drain for 5o inhabi-
tants, and an area of 19,000 square feet; and a 6-inch drain for
100 inhabitants, and an area of 30,000 square feet (Lawford).

I am indebted to Mr. G. Maxwell Lawford, M. Inst. C.E., of
London, for the following data and for the Secale-Drawing :

Lawford’s Formule for the Velocity and Discharge of Sewers
and Water-Mains :

1. For velocity: V= fﬂ{x RO x 8%,

{R‘-‘-? = R'I’EI = WIF Emd SH-S — E% =J§)
2g

m
V = velocity in feet per second.
g = acceleration of gravity = 32.2 feet per second.
m = coefficient for roughness of surface.
=o0.5 for new or clean asphalted cast-iron pipes, glazed
stoneware pipes and glazed or vitrified brickwork, &e.
=0.55 for cast-iron pipes after some use, well laid concrete
tubes, &e.
= 0.6 for encrusted iron pipes, rough brick-work, &e.
R = hydraulic mean radius (or * depth”) in feet.

diameter ] [
e for circular sewers, pipes, &e.

2, For discharge: Q=— x R*7x8"x 46095.7.

sectional area
~ wetted perimeter
S = slope of water surface.
head of water in feet

~length of pipe or sewer in feet
Q = quantity of water or sewage discharged in gallons per
minute when running full.

for egg-shaped sewers.

= hydraulic mean gradient.

ExampLE.—What diameter is required for a glazed stoneware
pipe sewer to provide for a population of 10,000, the available
fall being 1 in 500%
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Total daily discharge = 10,000 % 25 % 6.
= 1,500,000 gallons per 24 hours,
Maximum flow = half in 6 hours,
= 750,000 gallons in 6 hours,
= 2083 gallons per minute = Q.

g=%§=123.3. 8=t =0c0n 8= 0002 =0.0447.
i ; ;
C
=
By 5
S

K ‘- -

: i
ey

FiG, z4.—Ege-Shaped Bewers, Ddagram showing pro-
portions of dimensions and radii. The horizontal diamerer

being 1, the diameter of the invert is 0.5, the total depth is
1.50 and the radii of the sides is 1.50.

DA=0D=0Al=1.00.
Curve FE=arc of circle having centre at A, and radius

AF¥=1.50.
Similarly, eurve BC=arc of circle having centre at Al,
gy
2083
—_ = 'n'q .
R \/ 128.8 X 0.0447 % 4695.7 383

and 0.383 x 4 = 1.53 feet = 18 inches (nearly).
.*. diameter required = 18 inches,
ExamrLe.—What size of brick sewer is required for a popula-
tion of 80,000, the available fall being 1 in 1000 ?
Maximum flow (calculated as above)=16,666 gallons per
minute,

Mm=0.55. %ff=111.ng. S=o.001. 8*=\o.001=0.0316.






CHAPTER VIII.
DIET AND ENERGY,

Dara necessary (1) a standard diet, “ordinary,” ‘rest,” or
“hard work ” for the energy required.

(2) the percentage composition of the food.

Water-free ordinary diet for an adult (=300 foot-tons of

energy * daily).
sk - Ounces.

oteids . s 4.5 S e g
Fats i 3.0 + 2 ounces for “:‘ﬁt{_]”“ﬂlk.

Ca'rbu-hydmtﬁs L] I4-.ﬂ 1) 2
I.D{ T 0'5 ) 19 “ hard-work.
- n 1

i & SR L |
22.5 Ounces,
In terms of nitrogen and carbon:
Grains. Grains.
Diet for rest . . : 200 4000
y  ordinary work . 300 5000
»  hard work . . 400 6ooo

Percentage composition of foods, &e. :

Bread. Milk. Meat. Butter. Cheese. Oatmeal.
(uncooked)

Water . Seron 480 950 120 370

Proteids . B 4.0 I5.0 L. 3%k 16.5
Fats . : . 15 3.0 8.5 845 240 6.5
Carbo-hydrates . 49.0 4.3 - 1.0 — 63.0
Salts : Ik 0.7 1.5 .5 5.5 2.5

I100.0 I00.0 I00.0 I00.0 1I00,0

Food for a child:
Age 2 years: yy (o.3) of the adult’s standard diet for ordinary
work.
* * Foot-ton " =amount of energy that will raise 1 ton 1 foot in height.
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Replace in (2) the respective values of x (28.6) and = (6.5):
. 42.9+ 85y + 156 = 300.
85y + 198.9 = 300.
¥ = 1.2 ounces butter,

The required quantities are: 28.6 ounces bread; 1.3 ounces
butter ; 6.5 ounces cheese.

To Calculate if 1} Pounds of Bread and 60 Ounces of

Milk will be a sufficient Diet for a man doing an ordinary
Day’s Work.

Carbo-
Proteids, Fatas. hydrates.
100 0z. bread = 8 oz. 1.5 OZ. 49 oz.
8 x 24 1.5 X 24 49 X 24
B o . mLg20R = 0.3060%. = —I1.705.
100 oz, milk = d6 20 4 435
4 x 6o 3 x bo 4.3 x 60
6o 1" = 100 =2.4 4 S .8 T 100 2.5 n»
Total(131b.and600z.) = 4.32 ,, 2.10 ,, [4.2 4
Ordinary diet = 4.50 4, 2.00 ., 40,

The above diet is therefore somewhat deficient in proteids and
fats, but is more than enough in carbo-hydrates,

To Calculate the Amount of Meat and Bread necessary
for a Daily Diet in Terms of Nitrogen and Carbon.

Nitrogen. Carbomn.

Ordinary day’s diet (moderate work) = 300 grains. 5000 grains.
1 pound of mieat =100 IQOO0
I o bread — 2000 .

Let x = pounds of meat required (1) 190z + goy = 300 grains N.

Let y=pounds of bread required (2) 19oox+ 2000y = 5000
grains C,

Multiply (1) by 10: 1900z + gooy = 3000

Subtract the result from (2): 1100y=2000.

y = 1.8 pounds bread,
Substituting the value of ¥ in (1) 19ox + 162 = 300.

& =o0.7 pound = 11.2 ounces meat,

Energy evolved.

Internal work of the body (circulation, respiration, &c.)= 2800
foot-tons.

External ,, w yy  (average) Light 150 foot-tons.
Moderate 300 e
Hard 450 5

Laborious 6oo

]
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De Chaumont’s Formula for caleulating external Work :
Ordinary = (300 x §) = 1500 foot-tons,

Above ,, =(300 x 5)+ (3:::-:} X %) = 1500 + 1050) = 2550 ft.-tons.
Hard = (300 x 5) + (390 X %) + (309 X 3) + 1350=3600 ,,

Laborious = (300 x 5) + (300 Hg) + (300 X 3) + (30::- X Egl-) =
3600+ 412.5 = 4o12.5 foot-tons.

II
In round numbers 300 x (5 + g +§+ s b ) = 300 X 14 = 4200.
- Total external work = 4200 foot-tons,
», Internal , =2800 i
7000 -

The food necessary for 450 foot-tons of productive work must
provide 2550 foot-tons of potential energy for external work +
2800 foot-tons for internal work = 5350 foot-tons.

Therefor _215“?6’ or - of potential energy for external work, is
available for productive labour,

De Chaumont’s Formula for productive Work :
Ordinary : 3oo x 1 = 300 foot-tons.

Above ,, " » +(300 x 4)= 450 foot-tons,
Hard - X w  +(300x })=r525 foot-tons.
Laborious: |, " " o +(300x §)=

562.5 foot-tons.
ExaMPLE.—A man is doing light work (e.g. 250 foot-pounds);
how much cooked meat would he require to provide the necessary

amount of energy ¢
100 ounces of cooked meat contain 28 ounces of proteids and

15 ounces of fats.

1 ounce proteid = 173 foot-tons potential energy.
1 ounce fat= 378 ¥ 2 ,,
28 x 173= 4844 T " 1

15}{3?8= 5670 ” " 1"

100 ounces cooked meat= 10514 s 3 ,,
Deducting 2800 for internal work 2800

7714 ! 1 ”
available for external work, and of this onl:;r ¥ is represented by

actual work, or about 1543 foot-tons of actual work.
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Let « =ounces of meat necessary for 250 foot-pounds of actual
work :
1543 : 250 : : 100 : @ =16.2 ounces cooked meat.

(By a previous example 28.6 ounces bread, 1.3 ounces butter
and 6.5 ounces cheese were found to be sufficient for 300 foot-
tons of work, therefore 23.6 ounces bread, 1.8 ounces butter, and
5.4 ounces cheese will provide 250 foot-tons of work.)

Energy expressed in terms of heat-value, or “calorific capacity.”

1 calorie=amount of heat necessary to raise 1 gramme of
water 1° C.

4 or § total potential heat = actual heat.

gori i = = , Work.
Potential energy available from diet :
PROTEIDS, FaTs.
i oundce, 1 _gramme. 1 ounce, I a:mmme.
Foot-tons 173 calories 4.1 | Foot-tons 378 calories g.3
CARREO-HYDRATES.
I Olnce. 1 gramime.

Foot-tons 138 calories 4.1

To Calculate the Heat-value of a Food in calories.
ExamrrLeE.—Oatmeal contains per 100 parts (taken as grammes)
Proteids12.5(1 gramme = 4.1calories)=12.5 x 4.1 = j51.25calories,

Fats 6.5 " il 1 R 6.5%9.3= 00.45 ”
C.-H. 63.0 = o A 6.3x4.1=258.30 ,,

370.00 "

Calculation of Mechanical Work.—Height x weight = foot-
pounds or foot-tons of work,
Let W = weight in pounds.
H = vertical height in feet.
W x H = foot-pounds of work.
If H =height in miles, 5280 feet =1 mile:

0w

W x 5280 H = foot-pounds of work,

To express foot-pounds as foot-tons: 2240 Ibs, =1 ton.

2240 : (W x5280) : 1: m=m foot-tons.
2240

Allowance made for * traction” or resistance :

Moving along a level at 3 miles per hour=lifting the entire
weight vertically 55 of the distance traversed, or lifting ;. weight
the whole distance At 4 miles per hour this * co-efficient of
traction ” becomes ', ; at 5 miles, {;.
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W x 5280

Energy at 3 miles per houralonglevelroad = X 4 It.-tons,

Wx5280
4 : 1 T 5 = Xyr
" ’ 2240 :
W x 5280
) 5 » H) 1 By X ‘Ila' 1"
2240

17

“ W denotes the entire weight carried and includes the weight
of the individual and of all impedimenta— e.g., clothes, &e., which

weights are to be added to the body-weight.
If there is an ascent, the “rise” must be known, and the

additional energy is to be calculated and added to the work done
on level-ground.
E.g., supposing the “rise” is 1 in 400 feet, and the entire
distance walked = 5280 D feet :
5280 D
~ 400

The energy for this additional distance =13.2 D x L foot-tons,
2240

400 :5280D::1:2 ft. of vertical distance=13.2 D ft:

The total energy is the sum of both :
W D : i W
bl Ll x coeflicient of traction 4 (1 el ——— }

2240 ’ 2240,

ExampLE.—A soldier 10 stone in weight carries a kit, &ec., of
60 lbs. and marches, at the rate of 3 miles per hour, a distance of
7 miles, the ascent being 1 in 500 feet. Calculate the amount of
work done in foot-tons.

W =10 x 14+ 60=200 lbs,

8
bl S 165 foot-tons along a level.

2240 20
goo: (5280x7)::1:2 =%§}I= 73-92 ft. of vertical ascent

”

200
equal to: 73.92 x-z—at}:ﬁ.ﬁ foot-tons of energy.

.. Total energy = 165 + 6.6 = 171.6 foot-tons,



CHAPTER IX.

FOODS,

Milk.

AvVERAGE specific gravity at 60° F.= 1031 (water = 1o00).

Correction for Temperature.

The sp. gr. of milk falls 1° for each rise of 10° F. above 60° F.,
and, vice versd, rises 1° for every fall of 10° F. below 60° F.—i.e.,
inversely as the temperature.

To correct: add or subtract 1° for every difference of 10° F.
above or below 60° Fu

E.g., Sp. gr. at 40° F.=1029. 1029-2) _ o

& E}, gr” 70° F.=ng. ng-[- 1} = pnutn

For differences of temperature less than 10° F. the same pro-
portion may be taken as approximately correct :

E.g.,Sp.gr.at 46° F.=1030. 60—46=14" F.

I0:I4::1:%=0.4. 1030—0.4=1029.6=sp. gr.at 60° F.

Total Solids.

Weight of 10 c.c. milk + capsule = 44.58 grammes,

» only=34.32

=10.20 o

" ¥

Weight of total solids + capsule after eyaporation,
= 35.67 grammes,

» on capsule =34-32 ”
I.35 + »
10.26 : 100 : : 1.35 : x=13.15 per cent. of total solids.
Adam’s Process.— Mernon.—r1o grms. of milk are absorbed
by fat-free bibulous paper, dried and extracted (12 syphonings)
with ether in Soxhlet's apparatus. The ether is evaporated off

and the residual fat is dried and weighed in a tared flask. The
percentage of fat is calculated.

ExaMPLE,—10 grms, milk are treated as above,
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Weight of tared flask + fat = 28.867 grammes,
” ”» alone = 28'594 3

» fatin rogms.milk= o.273 %
y 100 1 = &3 n
=1 ?3 per cent. of fat.
3.0 — 2.73 =o0.27 per cent. below the standard.

Werner-Schmidt Process.—A known quantity (1o gms.)
of milk is placed in a specially graduated tube
(Stokes’, Fig. 25, or Schmidt’s) and boiled
with 1o c.c. of strong hydrochloric acid. The
casein is destroyed. The contained fat is
extracted with ether (added up to the 50 c.c.
mark) and estimated after evaporating the
ether, and correcting for the residue left in
the tube.

ExXAMPLE.—10 ¢.c. milk + 10 ¢.c. strong HCL.
Boil and cool. Add ether up to the 50 c.c.
mark; shake. Sp. gr. of milk=1031, 20 c.c. of
ether were placed in a weighed dish, evaporated
off and the dish dried.

Weight of fatty-residue + dish = 39.016 gms,
" dish =38.752

Fat in 20 c.c. of ether= 0.264 ,,

: =28.6 c.c. total
Ether left in tube = 8.6 c.c.| = 2
: amount of ether
»  pipetted f_r-::;n; :ﬁf containing all the
Eada 0

F1G. 25.—5tokes’ Tube.

20 : 28.6 : 1 0.264 : ®=0.377 gms. fat in 10 c.c. of milk,

e L [ T »n 100 "

Sp. gr.=1031. .., weight of 100 c.c.= 2:-1i—"~g—l= 103.1 grammes.

. 103.1 : 100 : : 3.77 : &= 3.65 per cent. of fat, or 0.6 5 per cent.

&bme the standard.
If, instead of calculating its weight from its volume and
ﬁpeciﬁc gravity, 10 gms. of milk are weighed out:
. 0.365 gm. fat in 10 gms. of milk.
= 3.65 per cent. of fat. "

Hoppe-Seyler’s Process.—Fat, casein and earthy phos-
phates are precipitated from a solution of milk by adding a little
acetic acid and passing a cmrent of CO,. The precipitate is
filtered, and the retained fat extracted with ether in Soxhlet’s

i s i e i
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apparatus, dried and weighed. The filtrate contains serum-
albumen and lactose. The former is separated by boiling and
filtering and weighed. The second filtrate contains sugar and
salts. The former is estimated by titration with a standard
solution of Fehling (10 c.c.=0.067 gm. lactose).

Ritthausen’s Method.

(1) 10 c.c. of milk are diluted with 200 c.c. of distilled water
and neutralised with a standard solution of copper sulphate and
caustic potash (62.82z gms. CuSO, per litre; 1 c.c.=0.1 gm. CuO).

The precipitate, consisting of fat and albuminate of copper, is
collected on a filter-paper of known weight by suction.

The fat is extracted by Soxhlet’s method and weighed.

(2) The albumen is calculated by the difference in weight of
the filter-paper before and after the extraction of the fat,
deducting the weight of copper oxide in the precipitate.

(3) The filtrate contains lactose, which is ealculated by titrating
with a standard solution of Fehling (10 c.c. =o0.067 gm. lactose).

ExAMPLE :
1. Weight of fat-flask + extracted fat=19.957 gms,
ey yy  alone =1g.638
difference = o.322 gm. fatin 100c.c.
milk,

= 3.22 per cent. of fat,
2. Weight of filter-paper (in test-tube)
s 3 albumen =17.251 gms.
s  » copper oxide
» gy flter-paper (in test-tube) only=16.730 ,,

difference= o.521 gm. albu-
men and copper oxide in 10 c.c. milk.
0.521 — 0.1 =0.421 gm. albumen.
= 4.21 per cent. of albumen,

3. Filtrate from (1) made up to 300 c.c.
44.8 c.c. were required in titrating 1o c.c. of Fehling’s solution
( =0.067 gm. lactose).
‘. 44.8 : 300 :; 0.007 : £=0.44 gm. lactose in 10 c.c. of milk.
= 4.4 per cent. of lactose.

Richmond’s Formula.—To calculate the percentage of fat,
total solids and sp. gr. being known.
Percentage of fat = (Total solids x 0.859) - (*G " x 0.2186).
“G” =last two units of the specific gravity and any decimal;
or, =specific gravity -~ 1000,
H
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CALCULATIONS IN HYGIENE

Fig. 26.—Richmond's Slide-Seale,

L.g., total solids=10.8. Sp. gr. at 60° F.=
1031.5. 0 =q1.E
Percent. of fat = (10.8 x 0.859) — (31.5 x 0.2186).
=q.2772 — 6.8850.
= 2.39 per cent. of fat.
By the above formula the third term can be
calculated if the other two are known :
FE.g., percentage of fut=3. 8p. gr.=1032.
To find total solids :
3=0.859x. — (32 X 0.2180).

3+6.9952=0.859x. x=11.63 per cent. of
total solids.

A more recent formula for calculating total
solids is :

Total solids = 1.2 X percentage of fat +o.14 +
o z5 Q.

The above example would give :

I.2X 3+ 0.14 +0.25 X 32 =11.74 per cent.
of total solids.

Richmond’s Slide-Seale (Fig. 26).—If two
terms are known the third ean be found. The
sliding-scale in the middle indicates specific
gravity; the upper one, fat; and the lower,
total solids.

If specific gravity and fat per cent. are
known, place the arrow-head (of the sliding-
scale) under the figure denoting the per cent.
of fat, and the specific gravity figure will coincide
with that for total solids.

If specific gravity and total solids per cent.
are known, let these figures coincide on the
scale, and the arrow-head will indicate the
percentage of fat. The scale is used in con-
junction with other methods (e.g., Leffman
Beam’s process for the estimation of fat) as an
approximate check on the results,

Milk Standards.—Fat = 3 per cent.
Solids not fat = 8.5 per cent.

To Estimate the Amount of Fat ab-
stracted, the percentage of fat present being
known :

L.g., sample contains 2.18 per cent. fat. 3.0
— 2,18 =0.82 per cent. removed.
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Or:
$: 218 :: 100 : x=£38=?z.? per cent. of the original fat

remains, and 100 — 72.7 = 27.3 per cent. has been abstracted.

To Estimate the Quantity of Water added. (1) From non-
Jatty solids.—This is dcne by calculating the amount of “solids
not fat” in the sample, as they are less variable in quantity than
the fat in a genuine sample of milk.

E.g., sample contains 7.25 per cent. of total solids.

B2 528 s 2 100 m=%=85+3 per cent. of pure milk.

100 — 85.3 = 14.7 per cent. of water added.

(2) From the ash (which also varies little in a genuine sample).
E.g., ash after ignition of sample= 0.6 per cent.

boo
G 2700 8 a:zT_Sg,';

100 - 85.7 = 14.3 per cent. of water added.

Butter.

Moisture.—Should not exceed 16 per cent.
Exayrre.—Weight of dried capsule = 21.53 grammes.

= butter taken= 1.00 o

22.530

Weight after evaporating, drying and cooling = 22.417 ,,

0.113 9
= I1.3 per cent. moisture,

Soluble and Insoluble (Volatile and Fixed) Acids.

Meraop.—The melted fat is saponified in methylated spirit
with caustic potash, and the volatile acids, set free by dilute

B B N -
sulphuric acid, are distilled over into —5 NaHO, and estimated by
N e
titration with = oxalic acid.

The fixed acids, after the addition of sulphuric acid, are
evaporated, dried and weighed (not distilled over).

ExamrrLE.—Volatile Acids.

2.5 grammes butter-fat + 5 grammes caustic potash+ 350 c.c.
methylated spirit (Saponified). After evaporating off the spirit
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the residue is dissolved in distilled water, mixed with dilute

sulphuric acid and distilled.
150 c.c. distilled off into 20 c.c. f% NaHO.

. - N £ #* - .
Titrated with — oxalic acid (1 c.c. = 8.8 mgr. butyric acid).
L N L &
On trial 20 c.c. 1o NaHO =18 c.c. 7 oxalic acid,

- N N
Distillate + 20 c.c. = NaHO = 2.0 c.c. ol

H - ¥
w18-2=16 c.c. = oxalic acid not used up.

16 x 8.8 = 140 mgrs. butyric acid in 2.5 ({5 of 100) gms. butter.
140X Jo= 5600 mgrs, in 100 grammes butter=g5.6 per cent.

of butyric acid.

Fixed Acids: 5 grammes butter-fat saponified similarly as
above and treated with dilute sulphuric acid, evaporated, dried
and weighed in capsule of known weight :

Weight of capsule + fatty acids=57.774 grammes.

L] 1 a']'one = 53'154 ”n
Difference = 4.620 ,,  fixed acids in

5 grammes butter-fat.
= g2.4 per cent.

Specific Gravity of Butter-fat.

(1) By a specific gravity bottle at 35° C. or at 100° F.
(2) By Westphal’s balance (p. 24).
(1) Weight of melted butter fat at 100° F, et
Weight of distilled water at 100" F. (water = 10da).
ExampLE.—Weight of empty specific gravity bottle=11.85

gramimes.
Weight of bottle + distilled water at 100° F.=35.6 grammes.
" s +melted fat at 100° F.=33.415 i
melted fat at 100° F.=33.415-11.85=21.565%

1

grammes.
9 distilled water at 100° F.=35.6-11.85=23.95
gramies.
Specific gravity of fat at 100° F. = 2;;?5 =0.908
go8 (water = 1000)
Lowest specific gravity of pure hut.terrfa.t =gIO
Highest i ,y Toreign fat = 904

Difference= 6
= 100 per cent. of adulteration,
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In the example, difference=g10 — go8 = 2,
6:2::100: @ = 33.3 per cent. cf adulteration with other fat.
Estimation of Albumenoids in Meat, Cereals, &c.

Kjeldahl’s Method.—Organic matter is powdered, and boiled
with concentrated sulphurie acid till colourless. Potassium per-
manganate is added to oxidise it into ammonium sulphate. On
cooling, distilled water and caustic soda solution are added, and

the ammonia 15 distilled into IHT:. hydrochloric or oxalic acid

s g ol . . g
and titrated with = alkaline solution, and the nitrogen deter-

mined.

ExAMPLE.—o.2 gramme oatmeal + 10 e.c. strong sulphurie acid
digested till straw-eoloured + KMnO, and boiled till colourless ; +

250 c.c. 10 per cent. NaHO solution + 100 c.c. distilled water,
T

150 c.c. distilled into 10 c.c. == oxalic acid, and titrated with

N
E NﬂHO .

- £ N N - -
On titrating, 10.2 c.c. 5 NaHO =10 c.c. - oxalic acid.
N N
10 c.c. of Eﬂ!&liﬂ acid + distillate from flask = 6.7 e.c. = NaHO.,
N
10.2 2 6.5 : 10 : 2.=6.6 c.c, = oxalic acid,

10— 6.6 = 3.4 c.c. E}- oxalic acid neutralised by NH, distilled
over.
N .
1e.c. - oxalic acid = 1.7 mgr. NH,.
3.4%X1.7=5.8 b
14 .
5.8 % T 4-8 mgr. nitrogen.

4.8 %X 6.25 = 30 mgr. albumen in 0.2 gm. of oatmeal,
15 mgr. in 0.1 gramme,
15 per cent. albumen,

Alcohol.
Absolute aleohol. Specific gravity at 60° F,=o0.79.
. ” + 16 per cent. water = rectified spirit.

" ” + 42.95 per cent. water =proof ,,
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Proof-spirit is taken as the standard. Its specific gravity at
60° F.=o0.92. A spirit containing less alcohol than proof-spirit
is “ underproof ”; if containing more, “ overproof,”

Proof-spirit = 57.05 per cent. absolute aleohol, volume in volume,

in distilled water.

= 49.25 per cent. absolute alcohol, weight in weight,
in distilled water.

= 42.46 per cent, absolute alcohol, weight in volume,
in distilled water.

To calculate the ratio of aleohol to proof-spirit as :

7

mn

(1) volume in volume : 57.05: 1:: 100 : & =1.753.
(2) weight in weight=40.25: 1:: 100: 2 =2.03.
(3) i volume=42.46 : 1 : : 100 : &. =2.35.

To calculate degrees * over-" and ¢ under-proof ” :
(1) A sample of whisky is 25° under-proof :

1.953 : 1 : : (100 —25) : @. =42.8 per cent. absolute alcohol,
volume in volume.

e o
5 R i

o '__ nr‘:-__ = :..‘_ _I__L..__,l__f-— L = - T

.
e

Fi1g. 27.—8ike's Hydrometer.

(2) Brandy 15° over-proof :
2.03:1::(100o+15): @ =56.6 per cent. absolute alcohol

as weight in weight.

(3) A sample of gin 35° under-proof :

2.35:1::(100- 35):2 =27.6 per cent. absolute aleohol
as weight in volume,
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(4) A spirit contains 28 per cent. of aleohol, volume in volume :

57.05:28::100: 2. =40.08. 100 - 49.08 = 50.92 under-proof.

In Great Britain Sike's Hydrometer (Fig. 27) is used in dis-
tilleries and breweries, It is supplied with Tables giving the
percentage of alcohol corresponding to the readings. The
instrument floats at zero in strong spirit, specific gravity =0.825,
and the heaviest dise will make it float at zero in distilled water
—giving a range of 500° between these.

The amount of aleohol in beer is determined as follows :

Mulder’s Method.—Determine the specific gravity of the
beer at 15.5” C. or 60 F. Take 300 c.c. and distil oft 200 c.c.

Make up the distillate to 300 with distilled water, and take
the specific gravity of the mixture, referring to the Tables for the
percentage of alcobol indicated by the reading.

To verify this result: (1) make up the residue in the distilla-
tion flask (roo c.c.) to 300 c.c. and take the specific gravity;
(2) subtract from this the specific gravity of the original beer;
finally subtract this result from 1coo. This figure ought to
correspond with the specific gravity of the distillate (200 c.c.)
when made up to 3c0 c.c.

ExamMpLE.—Specific gravity of original sample of beer = 1015.”

300 c.c. are placed in a distillation-flask ; zoo c.e. are distilled
off and are made up to 3oo c.c. with distilled water.

Specific gravity of distillate (made up to 300 c.c.)=*gg5.”

By Tables the reading “ 995 " = 3.35 per cent. alcohol.

Specific gravity of residue in flask (100 c.c.) made up to 300 c.c.
=1020.

. 1020—10I§=5. 1000—§=0Q5.
Acidity of Beer. MEgraon.—io c.c. are diluted with distilled

water and titrated with f—% NaHO. The result is expressed

in terms of lactic acid. - oxalic acid is used for testing the

N
= NaHO. Phenol-phthalein is the *indicator.”

Lactic acid = C;H 0, = go. -?5 = g grammes per litre.

I C.C.=( mgr.
ExXAMPLE.—10 c.c. beer are treated as above.

On titration = 2.1 c.c. E NaHO.

On testing I—IZ NaHO. 10.3 c.e.=10 c.c. _1'% oxalic acid.






CHAPTER X,
LOGARITHMS AND LOGARITHMIC TABLES.

TaEg logarithm * of a number is the “index ” of the power to which
a constant number, called ke base, must be raised to equal the
number of which the ““index” is the logarithm.

If a" =z, n is the logarithm of the number « to the base a.

The logarithm of 64 to the base 4 is 3, because 4>=64; the
logarithm of 64 to the base 8 is 2 ; 8% =64.

It is expressed thus: Log, x=n ; Log, 64=3; Log, 64=2.

The “ base ” is placed between the letters “ Log” or * L.” and
the number of which the logarithm is given.

In the common system of Logarithms the base employed is 10,
and the power to which 10 is raised to produce any number is
the logarithm of that number. As this base is in general use for
all caleulations, it is not written down, so that if no base is
indicated it is understood to be 10. In the Napierian system the
base is 12, indicated by e, but this method is not in use.

Log 269 = 2.4297523, means therefore that the base 10 raised
to the power 2.4297523 is equal to 269.

10 being taken as the base, the logarithm of 10 (i.e. of the base
itself) =1 as 10'=10, and log 10=1; therefore 10’=100, and
log 100=2; and log 10'= 10,000, and log 10,000 =4, &e.

If, instead of multiplying 10 by itself, it is divided by itself

Iﬂ & ®
o= ! indicated thus: 10° =1; therefore log 1=o.
10 1 s
= ——=—0.2x—10 = logar=—1.
I0X 10 10
Similarly : =0.000I =10"* log o.0001= —4
10,000 :

The logarithm of 10 being 1, that of all numbers less than 1
consists entirely of decimals, there being no whole number.

The integral part of a logarithm (the whole number or
numbers to the left of the decimal point) is known as the

* The number corresponding to a given logarithm is termed its *anti-
logarithm."
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CuaractERISTIC, and the decimal part (figures to the right of the
decimal point) as the MaxTIssA.
E.g. log 4176=3.6207605; the Characteristic is 3 and the
Mantissa .6207605. The latter usually contains seven figures.
Numbers consisting of one whole number and any decimals
have zero as a Characteristie.
K.g. log 2.83 =0.4517864.
log 1.386 =0.1417632
The Characteristic in all cases is omitted from Logarithmic
Tables and must be prefixed by the calculator himself, as can
easily be done on inspection by the following Rules :
1. If the logarithm to be found is that of a number containing
ONE OR MORE INTEGERS :
The Characteristic is one less than the number of integral
figures in the number.
K.g. log 864=2.9365137.
log 86.4=1.9365137.
log 8.64=0.9365137.
It is to be observed that so long as the figures in the number
remain the same the MWantissa also remains the same; the Cha-
racteristic alone changes, according to the position of the decimal

point, i.e. as the number of integers.
2. If the logarithm to be found is that of a number containing

decimals only and no integers, the Characteristic is the same as
the place to the right of the decimal point which the first signi-
ficant figure (not a zero) of the number occupies. The Cha-
racteristic 1s negative, and to distinguish it from a positive
Characteristic has a negative sign or “ bar” placed above it—not
in front.

E.g. log 0.854=1.9314579, 8 being the first significant figure
after the decimal, 1 is the Characteristic with the negative
“bar” over it. (It follows that a positive Characteristic indicates
a whole number.)

Log 0.0854 = 2.0314579, where 8 is in the second place—zero
not counting as a significant digit. Similarly log o.00023=
4.3617278.

The Characterislic of a logarithm may therefore be positive ( +)
or negative ( — ), but the Mantissa is never a negative quantity, it
is always positive. (Vide p. 127.)

Tables of Logarithms.

In these only the Mantissa of the numbers (indicated in the
first column on the left of each page under the heading * No.”) is
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given. As already explained, the Characteristic is prefixed on
inspection,

The descriptions here furnished are applicable to the Mathe-
matical Tables published by Messrs. W, & R. Chambers, Ltd.,
which are in universal use ; but the methods are, of course, applic-
able to all similarly-constructed Tables.

In these the Mantissa of each Number is in a line with it, and
vice versd. The first three or four figures following the decimal
point are in numbers after ggg in the first column to the right
of the number and are to be prefixed to all the groups of four
figures (under the columns headed “o,” *1,” “2,” “ 37 %47 | | |
“g"), whether these groups are on the same line with them or
on at lower level but above the next group of initial figures.

The numbers 1 to ggg are each given separately.

Thus:

No. Log. No, Log,
751 8756399 951 9781805
752 8762178 996 9982593

So that log 752 =2.876217%8.
log 0.951 =1.9781805.
ExampLE.—In the Tables we find :

No. o I 2 3 e,
1067 | 028 1644 2051 2458 2865 &e.
L] w - L w

69 9777 ©133 o590 0996 &e.
70 029 3838 4244 4649 5055 &
That is, log 1067 = 3.0281644
3y 10070 =4. %5
» 10071 =4.0282051
» 10073 =4.028286%
” 1069 = 3'0239???
but log 10691 = 4.0290183
log 1070=3.0293838, and similarly the others,

Note that the first three figures, e.g. “ 028,” are carried on for
all the columns till another set of three, e.g. “ 029,” is met with,
the exception being where there is a line drawn over the last four
figures of the Mantissa, e.g. 0183, 0966, &c., as above. In these
cases the three first figures of the next Mantissa (below) must be
prefixed, it being a matter of convenience to denote the alteration
in this way rather than to have a broken line of figures in the
Tables, and also to economise space.

After the number 99999, the first four figures of the Mantissa
are supplied, but the method of working is the same.
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Note the logarithm of 1, 10, 100, 1000, &e., is represented by
o ; that is, there is no Mantissa, but only a Characteristie, which,
as already explained, is to be o, 1, 2, 3, &c., and is put down on
inspection, as before.

To Find the Logarithm of a given Number.—1. For numbers
containing less than four figures: the Mantissa is read off at
onee, and lies by the side of the number as already indicated.

2. For numbers of five figures: the Mantissa is found under

o”—the first four decimals are a little to the left of the zero
in the first column of figures, and the rest directly under the
figures o . . . . 9 at the top of the page.

E.g. log 9go626=.957 (traced upwards opposite “ go58 "),
and 2528 (the next four decimals under “ 6"),
entire Mantissa=.9572528
v logarithm = 4.9572528
but log 0.00906 is found under “ go6,” and is equal to 3.9571282.

For numbers of six figures. The Mantissa is found for the first
five figures of the number in the same way as before. To obtain
the sixth figure subtract the Mantissa of the first five figcures from
that of the mext higher number (ie. from the next higher
Mantissa). The difference will coincide with the figures at the
top of the adjacent *column of proportional parts” under the
heading “ Diff " (at the extreme right of every page). Find in
this column (numbered 1 to g) the sixth figure of the given
number, and opposite to it will be found the figures which must
be added to the last digits of the Mantissa first found (the
Mantissa of lower value).

ExamprLE.—To find log 268354.

The logarithm of the first five figures of this number is easily
found in the usual way opposite to the figures 2683, and under s,
and as the sixth figure 4 cannot be read off, the Mantissa corre-
sponding to the first five figures must be subtracted from the
Mantissa of 26836—i.e., the first figures to the right of the last

log 26836 = 4.4287178
log 26835 = 4.4287016
Difference = 162
This difference corresponds to the figure “ 162" at the top of

the column under ¢ Diff.” Opposite *“ 4" in this column, which is
the required sixth figure of the given number, is found “ 65,"
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which must be added to the last digits of the lower Mantissa first
found, thus: log 26835 = 4.4287016
65
» 2068354=15.4287081 which is the required log.

(Nore.—The sixth figure of the numbers from 100001 to 10800
inclusive ean be ascertained directly from the Tables.)

To Find the Logarithm of a Number containing Seven
Figures.

ExamprLE.—Find log 5067958,

log 50680 =4.7048366

log 50679 = 4.7048280

Difference = 86 coinelding with 86 in the “ Dift.” column.

Opposite “ 5" in this column (which is the sixth figure in the

given Number) is ‘“43,” and opposite 8 (the seventh figure of
the Number) is *‘6g.”

Therefore : log 50679 = 4.7048280 (the lower Mantissa)
43

log 506795 =5.7048323
69

log 5067958 =6.70483299

Note 69 is placed, for the seventh figure, one decimal place
farther to the right. 69 may be taken as 7.0, and adding 7 to the
last figure, 3, of the Mantissa we have log 5067958 =6.7048330.

ExampLE.—Find log 317.1626

log 317.17 =2.5012921
log 317.16 =2.5012784

Difference = 137
Dift.
137
£ oy
6 82
log 317.16 =2.5012784
27
log 317.162 =2.5012811
82

log 317.1626 =2.5012819¢
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To Find the Logarithm of a Number of Eight Figures.
ExamrLE.—Find log 23453487

log 23454 = 4.3702169
log 23453 =4.3701984
Difference = 185
IifE.
185

4 74
8 145

7 130
log 23453  =4.3701984
4 74
3 148
7 130
log 23453487 = 7.370207410
To Work with negative Characteristics (denoting that the
numbers of which they are the logarithms are decimals) the

ordinary Algelraical methods of addition an< subtraction are used,
as in all logarithmie calculations.

ExAMPLES.—
Addition : 5.2657845 3.0624316 2.3461573
2.4983106 7.2713769 1.8692317
3.7640951 4-3338085 0.2153890
(1 carried over to 1
=2z + 2 =0)
Subtraction :

[The sign of the negative Characteristic which is to be subtracted
i3 changed to + and the two Characteristics are added as in
Algebra ; the Mantissa is subtracted in the ordinary way, being
positive.

E.g., 3a+2b—(a—b)=3a+ 2b-a+b (the two negatives before
b changing to +)=2a + 3b.

EXAMPLES.— 5 ¥
Subtraction.  4.6290010 5.0086437 4.5641925
(minus §==5) 5.3751147 E_..e;gszn?l 6.6580496

9.2538869 1.6634366 11.9061429
(1 carried over is subtracted

W 5—1=6,and7+6=1.)
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Multiplication. 2.7460423
5

7.7302115 (2 x §= 10+ 3 carried over = 7).

Division. As the Mantissa must remain positive, the Character-
istic must be completely divisible by the divisor, and nothing is
to be carried into the Mantissa. If the Characteristic is divisible
as it stands, the quotient is written down in the usual way with
the negative bar; if it is not divisible, a negative number is to be
added to it to make it so, and to the Mantissa is prefixed a
positive integer of equal value, so that the —and + correct each
other and leave the value of the logarithm unaffected, and the
division is carried out as usual.

ExamrrLe.—log 8. 1626540+ 4 =5+949A6635

5 +7=(8+6)+6.1626540+7
= log 2.8803791.

To Find the Number from the given Logarithm.—The
method is the reverse of the one for finding the logarithm of a
number. Look up the Mantissa under the appropriate columns
in the Tables—i.e., under the cyphers o to g (at the top of the
page). If the decimal part is found exactly, the corresponding
number is to be read off in the first column (under No.) and the
decimal point placed as indicated by the Characteristic of the
given logarithm. These integers will be numerically one more
than the Characteristic.

E.g., “.7291648” found under “o” corresponds with the
figures 5360 (under No.), but the position of the decimal point
and the value of the figures of the number can only be ascer-
tained from the Characteristic of the logarithm.

", 0.7291648 =5.360 (5.36)
1.7291048 = 53.6
5.7291648 = 536000.

If the given Mantissa is not found in the Tables, take out the
next lower Mantisse and subtract it from the Mantissa of the
given logarithm. The difference will be found exactly or
approximately in the right-hand column of figures of the Table of
Proportional Parts (under “ Diff.”), and the figure opposite to it
is the sixth figure of the required number.

“ If the difference is not exactly found among the proportional
parts, take the next lower part, and the figure opposite to it is the
sixth figure of the number.

“ Subtract this part from the given difference, annex a cypher to
the remainder, consider it as a new proportional part, and find
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the corresponding figure as before. It will be the seventh figure
of the number,”

ExamprLe.—To find the number corresponding to the given

logarithm 5.9173597.
The given Mantissa is not exactly stated in the Tables, therefore
taliing the next lower and subtracting :

59173597

5.9173584 corresponding to the number 826720
Dif sty Ly ek 0z (Gth figure)
10 6 31 oo6 (7th figure)
30 (cypher annexed, the near- 8267226,whichisthe
est in the Table of Propor- required number.

tional Parts = 31)

Logarithms are valueless for the Addition and Subtraction of
numbers, They are serviccable only for performing multiplica-
tion, division, raising to any power, and for extracting any root.
The results in most cases are a close approximation, and not
absolutely correct unless the numbers are represented by a
perfect value in the logarithm.

In all cases the logarithm of the number must be known.
Multiplication of numbers = addition of their logarithms,
Division - = subtraction ,, =

Raising to any power = multiplication of the logarithm of the
number by the figure denoting the power to which it is to be

raised.
Extraction of any root = division of the logarithm of the given
number by the figure denoting the desired root.

Thus: X x Y =Ilog X +log Y = addition of logarithms.

= =log X - log Y =subtraction "

X
X" =n times log X = multiplication of the logarithm.
X - Iﬂgﬂx = division o ¥

Processes are thus shortened considerably by theaid of Tables :
the logarithms of the numbers are easily found, and wvice wversd
the logarithms being known, the numbers are ascertained.

It is to be noted that logarithms themselves are not multiplied

or divided by each other.
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ExauPLm:—MisltipEtbatiﬂ?a of numbers 102718 x 91627.

log 102718 =35.01164655
log 91627 =4.96202350

9.97367008
The Characteristic shows there are 1o integers in the number.
As the above Mantissa is not found in the Tables, the next lower
is taken out and subtracted from it.

-

9.9736700
9.9736681 =log of 9411700000,
Diff, 19
6
: o 2 18 .*. 6th figure = 4.
= 10 et =g

.. 0411742000 = Antilogarithm.
Division of Numbers.
67564
83619
. 4.8297154
4-9223050

=log 675064 — log 83610.

1.9074104 = log 0.808, which is the required decimal,
Raising to a Power (Involution).
To find the value of (12.6)
=6xlog 12.6
=06 x 1.1003705=0.6022230
which is the logarithm of the number 4oo013500.
Extraction of the Root (Evolution).

To find the value of ¥/58726
log 58726 4.7688304
ok T10%x4
corresponding to the number 1.31509.

=0.11922076
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logarithms) by Geometrical Progression from April 1 to June 30
inclusive. It is not the real mid-year population, but only an
approximate one.

Increasing Population.

Exampre,—1881. Population = 462303.

1891. 2 = 505368,
Estimate the Population in 1898 (mid-year).
log 462310=5.6649333 |  Dift.
log 462300 =5.6649239) | 9413
3 28 :
log 462303 = 5_66:1;6; =log Population 1881.
log 505370=5.7036095 | DiiE.
log 505360 =5.7036009) | %%
8 69 | 9
log 505368 = 5.7036078 =log Population 1891.
5.6649267 = ,, - 18381,
Difference = 5,658_6_8:= ,» Decennial increase,
g =0.0038681 = ;. Annual 5
1 =o0.0009670= ,, Quarterly ,,
log 0.0038681 x 7 =0.0270767= ,, 18g2-8 »
5.7036078 = ,, Population 1891.
0.0009670= ,, Quarterly increase,
5.7316515 = ,, Population 18¢g8.
539970 =75-7310452
o 6 Diff,
539077 . 5? o
5390777 6o

or 539078 = population for 1898.

ExanprLe.—Population 1891 = 531247
” 1901 = 985476
To find the mid-year Population for 1907.

log 531250=75.7252989 } DE':EfE.
log 531240=15.7252908 n sy
7 57

log 531247 =5.7252965 =log Population 1891.
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log 985480 =75.9936478 | Diff.
log 985470 = 159936434 ) ik
6 26
log 985476 = 5.9936460 = log Population 19o1.
5:7252965= 1 1891.

Difference 0.2683495 = ,, Decennial increase.
{5 =0.0268349= ,, Annual S
1=0.0067087= ,, Quarterly ,,
log 0.0268349 x 6 =0.1610094= ,, 1902-7 9
5.0936460= ,, Population 1891,
0.0007087 = ,, Quarterly increase.
6.1613641= ,, Population 1907.

1449900 =  6.1613380 X
8 261 Eﬂzﬁéﬂ
: . ¥
fA4008T= | Population 21

\for 1907.
Decreasing Population.

ExamrLeE.—A population of 552508 in 1891 was fourd to have
decreased in 1901 to 517980.

To caleulate the population in 1906 on the hypothesis that it
will decrease at the same rate :

log 552510 =5.7423401 } Diff.

log 552500 =5.7423323) 3?5;52
e

log 552508 =5.7423385 =log Population 1891.

log 517980 =5.7143130 = ,, »  Igol

Difference o.0280255
15 = 0.0028025
1= o‘coo?ooﬁ]

,» Decennial decrease.
,, Annual a
L Qua’rterl}? 7"

T

+ =0.0147131 log Total decrease
J to middle of 1go6.
log 0.0028025 x 5§ =0.0140125/ =log Decrease from 1901-6.
5-7143130
Subtracting: o.0147131
5.69095999 = log Population for 1906.
56995049 = . 500720

Diff.
50 5 5 44
44 7 7 BI

" 6o 500725.7
or 500726 = Population for 1906.
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Estimation of a Population by Arithmetical Progression.
ExaMPLE.—19o1. Population = 50742
L 1891, 5 = 47250

To estimate the Popul. in 1908:

3486 = Decennial increase.
348.6 = Annual &

1= 87.15=Quarterly .
348.6 x 7 = 2440.20 = 1902-08 &

19o1 Population + Quarterly Increase + 7 times Annual Increase
= 53269.35 = Mid-year Population for 19o8.

Working the above by Geometrical Progression and by Log-
arithms :

log 50742 =4.7053676 log Population of 1g9o1.

log 47256 = 4.6744570 G » 1891.
0.0309106 = ,, Decennial increase.
1 =0.0030910= ,, Annual %
1=o0.0007727= ,, Quarterly
log Annual Increase x 7 =0.0216370= ,, 19o2-8

4.7053676= ,, Population Df”IQDI.

Adding the last three : 4.712777173= 5 yy 1908,
Corresponding Number = 53429.00 = Population of 1908
53260.35 » as above by A.P.

Disparity = 159.65
(This is a small difference, because the increaso is a slow one in
a comparatively small Population. In such a case A.P. is
applicable with fairly accurate results. It is inadmissible for a
large Population.)

Estimation of Population from the Birth-rate (per rooo
living).—The method suggested by Dr. Newsholme is useful for
checking the estimate of a * present” population. 71 is assumed
that the birth-rate remains for some years the same as it was
when the last Census was taken.

ExamprLe.—Birth-rate (per rooo living) 1892-1901 inclusive

= 30.2 Births during 1902 = 4648
30.2 : 4678 : : 1000 : = 154900.
Mean Annual Population

5 2.177
& Mean Annual Population

365.24

Weekly population=

Daily -
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Marriage-rate.—It is calculated by Simple Proportion on the
actual population, and is expressed per rooo living at all ages,
K.g. Population in 1899 = 18426.
Marriages ,, , = 284
18426 : 1000 : : 284 : ¥ =15.4 per 1000 living.
Birth-rate.* —GENERAL FormuLA :
Mean Annual Population: 1000 : : Annual Births : «.

CRUDE BIRTH-RATE : per 1000 of estimated (mid year) population
at all ages.

Annual Birth-rate : Mid-year population = 29542.
Births registered during the year = 865.
29542 : 1000 : : 865 : x=29.2 per 1000 living.
Quarterly Birth-rate: Taking the same population.
Births registered during quarter in
question = 186,

(1) 29542 : 1000 :,: 186 : x=6.3

and (z) 6.3 x 4 = 25.2 per 1000 = Quarterly Birth-rate.

[ Nore.—The result denotes what the Quarterly rate would be
per annum if it went on at the same rate for one whole year per
1000 living.]

Weekly Birth-rate : £.g. Population = 28530.

Births during week in question = 1g.

Weeks in the year=752.177.

(1) 28530 : 1000 : : 19 : &x=0.67.

(2) 0.67 x 52.177 = 34.96 per 1000 living.

The Birth-rate is preferably caleulated on the female population
at the child-bearing age, per 1000 married and per 1000 unmarried.

Death-rates.—The erude (general or gross) death-rate is that
of the mid-year population (at all ages) per rooo living.

k.g. Population=18500. Deaths during the year = 206.
Annual Death-rate : 18500 : 1000 : 206 : 2=11.1 per 1000.
For the same population, deaths during a particular week = 7.
Annual Death-rate for that week :

(1) 18500 : 1000 :: 7 : =0.38.
(2) 0.38 x 52.177=19.8 per 1000.

A Weekly Death-rate estimates the number who would die per

annum per 10oo living if the death-rate «f that week continued

at the same rate throughout one year. A Quarterly Death-rate
is estimated in a similar way,

* Birth-rate, Death-rate at all ages, and the Net Death-rate (columns 4,
8, and 13 of the M.O.H.'s Vital Statistics Tables) are calculated per 1000
of estimated population.
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‘¢ Corrected Death-rate ** of the Registrar-General.

The correction is made by multiplying the local Recorded Death-
rate of the Town (or crude death-rate) by the factor supplied to
it annually by the Registrar-General. It neutralises errors in
death-rates caused hy the disparity of age- and sex-distribution,
and raises or lowers the local crude death-rate to what it woul l
be if the age- and sex-distribution of the town were the same as
for England and Wales generally. The same method is carried
out throughout Great Britain.

To obtain the Registrar-General’s * Factor.”

1. A local standard death-rate 1s calculated for each town.
The loeal distribution of ages and sexes is obtained from the last

Census. To this local population is applied the annual Death-
rate of England and Wales for the previous 1o years (i.e., as if the

people had died at the same annual rate as for England and
Wales during the last 1o-year interval, and wot af the local death-
rate).

2. The annual recorded death-rate (at all ages) for England
and Wales for the previons Decennium divided by this local
standard death-rate gives the fa.n_tnr for that town :—

Recorded Ceath-rate of England and Wa'es
= during previous Decennium
"~ Standard Death-rate of the

town for the year

Thus: Annual Death-rate for England and Wales from 1891-go
(inclusive) = 19.15 per 1ooo0.

Registrar-General's
factor for the year

Standard Death-rate | _ . 19:15 _
; T; Erﬁﬂnélggg)] = 1497 + * 17.97 1.0656 Factor for 18¢q.
tanda eath-rate | _ . 19.15
udei;erpﬂul (»899)J ] R 17.44 1.0980 ,, ST
U e &
of Plymouth (1399)} el s TS w8 9

3. The * recorded death-rate for the town’
“ currected death-rate.”
Taking the above-named cities:

rate) x the * factor " =

" (i.e., the erude death-

Recorded (crude) Death-rate of London (1899)

=19.78 % 1.0656 = 21.077 = ‘ Corrected Death-rate.”
" Death-rate of Liverpool (1899)

=26.38 x 1.098 = 28.965 = * Corrected

" 7

= Death-rate of Plymouth (1899)

=21.72 X 0.972 =21.111 =* Corrected ¢

1

Correction for Non-residents.
Deaths of Residents of the District dying in Publie Institutions
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are added to the Returns, (+ ), and those of N on-residents are

subtracted (—). In private cases this is not done, as it is
impracticable.

4. The Comparative Mortality Figure.

Recorded Death-rate of England and Wales for the year in
question ! 1000 : : corrected local death-rate : .

Corrected local death-rate Comparative Mor-

1.8 = : :
A tality Figure.

" Death-rate for the whole country
Taking the same cities as before :
Recorded Death-rate of England and Wales during 1899 = 18.33.
Corrected Death-rates as already caleulated :

London: 18.33: 1000 :: 21.077 : &= 1150. C.M, Figure, 1899.
Liverpool: ,, : , ::28.965:a=1550. # 3
_ Plymouth: , = ., 22213 2@=Iise i T

Infantile Mortality is estimated on the annual number of
registered deaths of children under one year of age per 1000
registered births during the same year : wot on the total population,
nor on the total number of deaths at all ages. (Still-born births
are not registered.)

Formura.—Births during the year : 1000 : : Deaths of children
under 1 year ; x.
IL.g. Births registered during the year = 2372.
Deaths i - s 3 Under 1 year of age = 284.
2372 : 1000 :: 284 : 2, 119 deaths per tooo births=infant
mortality for the year in question.

Zymotic Death-rate.—It may be for the entire group of
infectious diseases or for each one in particular, and states the
proportion of notified cases per 10co of population,

E.g. Population =21685. Deaths from diphtheria= 12.

21685 : 1000 :: 12 : & =0.55 per 1000 living,

Proportion of Deaths from Special Diseases to Total
Deaths from all Causes.

Total deaths = 6018,

Deaths from Prinecipal Zymotic diseases=411.

o »»  Small-pox = 72.
6018 : 1000 :: 411 : x. 68.3 per 1000 deaths (Zymotic).
) L} P e I 1-9 i T 2 {Smal]-pnx).

Incidence of Disease.—Proportion of cases per 1000 of
population.

£.g. Population=765720. Scarlet fever cases = 2408.
765720 : 1000 : : 2408 : &= 3.14 per 1000 ( = Zymotic case-rate).
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Case-Mortality.—Proportion of deaths per 100, or per 1000,
cases,

E.g. Of 2408 cases of scarlet fever 32 were fatal.
2408 : 100 1 : 32 : @. Case-mortality = 1.3 per cent.

Population. Number of cases. Incidenge of Disease,
1898. 52630 241 = 4.6 per 1000 of estimated population.
1899‘ 54748 253 =4.7 » 1 L 1
1900, 536?6 234 =30 » 1 L3 L
19ol. 64526 297 =46 53 - s
1902. '5?325 340 =50 4 T T T
2979905 1370
?i..| o7 3 3| S
periooo ) 88 2 8 9
o-4
03
Above theMean
a-f
Mean —
( 01 %x
02 %&
03 N
=N
Below ,, , 4 04 %&
05 %\%
EREE
L 07 N
Fic. 28.

Dividing by 5: 59581 = average pdp. per ann. for 5 yrs. (by A.P.)
274= ,  mno.ofcases , "
Average incidence = 4.6 per 1oco of average pop. ,,

During 1898 and 1gor1 the Incidence of Disease coincided with
the average, although in 19o1 there were 56 more cases than in
1898 ; these were counterbalanced by an increase of population.

In 1899 and 190z it was in excess of the mean : in the first
instance by 4.7—4.6 = 0.1 per 1000, or o.o1 per cent.; and in the
second by 5.0—4.6 =o0.4 per 1ocoo, or o.04 per cent.

In 1900 there were only 7 fewer cases than in 1898, and the






CHAPTER XII.
LIFE-TABLES.

Dara required : 1. Census Returns to ascertain (a) the mean
population, () numbers living at each age-period.
2. Death-returns showing : the mean annual number of deaths
for the corresponding age-periods.
A. Mortality per unit for each year or each age-period
Deaths (per annum or per age-period)
~ Mean population (during same period)
(In a Life-Table = “ Annual Mortality ” per unitatage . “D.”
or ““ M,".)
B. Mﬂrmhty per 1ooo living for each year or each period :
Mean Popul. at age-period : 1000 : : Deaths (at same period) : .
_ Deaths (per annum or per age-period)
Mean population (during same period)
Let this=1. Assuming D to be equally distributed through-
out the year or age-period : Rate during 1st hﬂ]f—PBl‘iDd=I—j

D

X 1000

L1 ] 13 Enl'l i3 19

. 1000 living (survivors) in the middle of the year or age-yeriod

-

numbered 1000 + = beginning ,, 1st half

D
and 1000 - = ending

¥ ) 1

n 2“"—1 3 1 1 1"

*. the “ Ratio of final to initial population ”
D

d 1000 —— 2000—D
Survivors at the end 2

~ Survivors at the beginning s 1000 + D 20004+ D

(In Life-Tables this calculatmn gives th: ” Proha.blllt}r of Living
one year from each age” denoted by the sign *p.".)
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ExsmpLE.—During 1st year infant mortality (per rooo births)

1000 : I million : : 130 : = 130,000 deaths.
.*. 1 million children after 1 year (at beginning of next year)
= 1 million — 130,000 = 870,000 survivors at end of rst year.
During 2nd year infant mortality = 100 (per 1000 births).

=7 3%

= D of the Formula)
By Formula : the probability of each survivor living through
2000 — 100 1900
- zionh honl

S 2000+ 100 2I00
1900
= 787350 survivors at the end of the 2znd

" 870,000 X ——
2100

g ““ Number born and

year.
(In Life-Tables found under the headin
living at each age,” and denoted by [,.)
Infant mortality = 50 per 1000 during 3rd year
2000 - 50 1950
22292 (=0.9512)

2000+ 50 20350
= 748943 survivors at the end of the 3rd year.

. 1950
e JONIED X Zos0
Similarly till none survive.
If instead of annual periods s-year ones are taken (quin-
guennia) the method of working is similar, but the Formula is

raised to the sth power.
Let P, =survivors at commencement of quinquennium,
= " i end - " ”
2000 — i
Ey=Eq (znou+]§l)
ExamprLE—Of the above survivors, supposing 675,000 were
living at the end of the 5th year:
And Death-rate for the s5—10 quinquennium =6 per rooo
2000 — 6
Formula for one year = o
2000 6) (1994)

i IR (20u0+6 2006
=5 x (log 1994 — log 2006)
=5%(3-2997252 — 3.3023309)
=5 X 1.9973943 = 1.9869715 = 0.9704
675000 X 0.9704 = 655020 SUrvVivOrs,
The calculation is similarly repeated for each quinquennium

mn

until there are no survivors.
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For a Female-life at the same age:

ALh-an Female Survivors
i 638912
45 604007
59 564299
3 516375
e 457682
05 385503
12 299220 |
5 204208 3299032 X 5
i 114536 = 4
- 48133
g 13418
95 2124
100 ISTJ
16048160
638912 +2.5=25.11+2.5=27.61 years,

In the above Examples 22.94 and 25.11 ‘are known as the
‘‘ Curtate Expectation of Life ;” and 2.5 as the *“ Duration of Life
in the Quinquennium of Death” -( =half a quinquennium or 2}
years), These added together give the *Complete Expectation
of Life,” as stated in Life-Tables under the heading “ Mean after
Lifetime at each age 2 =E.” In Tables giving Annual, and not
Quinquennial age- perwds, “the number of survivors is added as
above (the result is nof multiplied by 5) to obtain the Curtate
Expectation, and o.5 isadded (in place of 2.5) to get the Complete
Expectation of Life.

““Mean Duration of Life” =The Expectation of Life at Birth,
or at ‘“ Age zero,”

By Farr’s Formula, the expectation of life at birth per 1ooc
living :

I L1000 2 1000
34 * Birth-rate +§ * Death-rate
ExampLe.—Birth-rate per 1000 living = 30.5

Death- 43 53 L E) Y = XT3
g l'l?_ﬂi g 2000 IDDD E_O_CE_ e i 8.
3X30.5 3XIT3. 015 GEgn o0

“ Mean after lifetime” : the expectation of life at any lafer
age than at birth.

By Willich’s Formula: the expectation of life at any age
between 25 and 75 years= 3 (30 Ag;a),
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Examrre.—Ezxpectation of life at 45—§ (Sr:-— 45>‘
= 23.3 years.
‘“ Probable Duration of Life ” : the age at which half a given
number of children (born hypothetically at the same time) will

have died. e
i , Sum of the Ages at Death
Hlokn Age &b Death ™ Number of Deaths

Poisson’s Formula for estimating the liability to error.

1st series of observations =m | m + n = p = Total number of
T R i = observations.

Probability of m series being constant =

]

-
-

13 1 T 1" 1 1] o

True proportion of m to u lies between :

20

i.e., within a possible range of 4\/ e

_\/pmﬂ.
= -

Similarly for the n series the true proportion of n to pu lies

bet ween Et 32”:?1.
Exampre.—Of 500 cases, 425 recovered and 75 died.
Probability of recovery = ;i—g =85 per cent,
L} " death =5_25_D=1-5 1" 1
Possible range of error = \/32 ol L : 85
A L R R
i 32X 17X17 Jgﬂ.oﬁ
= I00 X 100 X IOI’J_. 1000
e .
=50 °F 9-62 per cent.

s ; 6
. Probability of recovery varies between 85 + g%
or ,, 8¢.81 and 8o.19 per cent,

b2
., death - = 3 9—1—-

19.3and 10.2 ,,

k]

n ¥
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Ambulance Work—Massage—Surgical Applications of Electricity—Joint-Fixa-
tion and Fixed Apparatus—The Syphon and its Uses—Trusses and Artificial
Limbs—TFlaster-Casting—Post-Mortem Examination—Sickroom Cookery, &c.

“THOROUGHLY PRACTICAL ANMD TRUSTWORTHY. Clear, accurate, succinct.”— Fhe Lancer,

“ApMIRABLY ARRANGED. The best practical little work we have seen. The matter is as
gcl:l:l as the manne r+"'-—-E.-:i'iu.§'n~rf& Medical jf:mi. i -
“THIS EXCELLENT LITTLE work. Clear, concise, and very readable. Gives attention to
. important details, often omitted, but ABSOLUTELY KECESSARY TO SUCCESS,"—dA
" A dainty volume."—Manchester Medical Chronicle.

 1ONDON: GHARLES GRIFFIN & GO, LIMITED, EXETER STREET, STRAND.
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Griffin’s Pocket-Book Series.

Secoxp EpirioN, Thoroughly Revised and partly Re-written. Pocket Size.
Leather. With Illustrations. 8s. 6d. net.

A HAND-BOOK OF HYGIENE.

LT.-COLONEL A. M. DAVIES, D.P.H.Camb.,

Late Asgistant-Professor of Hygiene, Army Medical S8chool,

General Contents.
fAir and Ventilation—Water and Water Supply—Food and Dieting—
Removal and Disposal of Sewage—Habitations—Personal Hygiene —Scila
and Sites—Climate and Meteorology—Causation and Prevention of Disease
—Disinfection—INDEX.

Notiees on the New Edition.

" We aze vory glad to see that a Second Edition of Lieat-Col. Davies’ Handlook of Hygiene
has been called for, as it is one of THE BEsT of the smaller mapuals, In the preparation
ofthis edition the author has made mo changes in the plaw-of 1the work, which is a
woritable mulfum tn porvo, but has brought each subject up to date. . . . For those
desirons of focnssinz their general sanitary knowledge rapidly, and with the minimum of

. this handbook may be strongly recommended, FoR WE EXOW OF N0 OTRRER
vorrME which furnishes g0 much REAL INFORMATION 1N S0 SMALL A COMPAsS"—BHrifich
Medieal Journal,

“The work will PRovE MO0ST USEFUL to tho=e actunlly and actively engaged in
appointments dealing with questions of Elihliﬂ health, and for euch WE EXOoW OF N0 RETTER
WORK; the subject matter is good, and ths advantages to which allusion has been already
?ﬁndg;-ﬂlha portability and general get-up of the volums—are likely to be appreciated.”—

£ cel. :

FourtH EviTion, Revised and enlarged, Leather, with 152 lhestralions
and Folding-plate. 8s. 6d.

THE SURGEON'S POCKET-BOOK.

Speciallp adapted to the Public Medical Services
By MATOR J. H. PORTER.
Revised and in-great part rewritten

By BRIGADE-SURGEON C. H. Y. GODWIN,
Late Profzssor of Military Surgery in the Army Medical School.
"An INVALUABLE GUIDE to all engaged, or likely to be enpaged, in Field Madical
- . Servige."— Lancet. '
““A complete vade weecum to guide the military surgeon in the field."—British Medical
Fonurnal

LONDON : CHARLES GRIFFIN & €0., LIMITED, EXETER STREET, STRAND.
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Griffin’s “ Pocket-Book” Series.

Pocket-size. Leather., With Illustrations, Many in Colours. 10s. 6d.

OUTLINES OF BACTERIOLOGY:

A Practical Handbook for Students.
ON THE BASIS OF THE

PRECIS DE MICROBIE

(OUVRAGE COURONNE PAR LA Facurré pE MEDECINE DE PARIS).

BY

Dr. L. H., THOINOT, E. J. MASSELIN,

Professeur agrégé i la Faculté, AND Médecin Vétérinaire.
Médecin des Hopitaux,

Transiated and adapted for English Use, with Additions,

BY

WM, ST. CLAIR SYMMERS, M.B.ABERD.,

Professor of Pathology and Bacteriology, Govt. Medical School, Cairo, late Assistant-
Bacteriologist, Pritish Institute of Preventive Medicine, London ; Pﬂ.thblﬂ%
Lancashire County Asylum, Prestwick: and Pathologist, General Hospital,
mingham, &¢., &c.

CONTENTS.—I. Giass Apparatus. II. Preparation and Sterilisation.—Culture Media.
1I1. Autoclave and Incubator. IV. Experiments with Living Animals. V. VI. General
Culture Methods. VII. Colouring and Staining. VIII. Microscopic Examination.
Part II.—I. Diseases Common to Man and Lower Animals. II. Diseases Special te
Higher Animals. IIT. Microbic Diseases peculiar to Man.

" Contains far more information than the original work."—Literafure.
“ The information conveyed is SINGULARLY FULL AND COMPLETE. The work com-
pares VERY FAVOURABLY in this respect with manuals of much larger size. We recom-

Im;:nd the hook for its ACCURACY, CLEARNESE, NOVELTY, AND CONVENIENT SIZE."—The
nicer,

Pocket-Size, Leather. With Hllustrations, 10s. 6d.

THE DISEASES OF CHILDREN:
A CLINICAL HANDBOOK.

BEY
*EO. ELDER, 15 J. 8. FOWLER,
M.D., F.R.C.P.Ep., M.B., F.R.C.P.Eb.,
Zlinieal Tutors, Royal Infirmary, Edinburgh ; Physicians for Out- patients, Leith Hospital.

“MUCH MORE is econtained in it, than in many similar books professing more.”—
Bristol Medical Journal.

" May be cordially recommended.”— Edmburgh Medical Jowrnal.

i ONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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STUDENTS’ STANDARD TEXT-BOOKS.

Fully Illustrated.

PFAGE

Practical Physiology, . . PROF. STIRLING, M.D., . 102
Practical Histology, ,, 2 102
Physiologist’s Note-book, oAy Hog, M., . 103
Biology (Vegetable), . . Pror. AiNsworTH DaAvis, 104
Biology (Animal), i o 104
Botany : the Flowering Plant, A ,, 114
Bird-Life, . . : » CHARLES Dixon, . . 115
Zoological Pocket-book, . Prors. SELENKA & Davis, 103
oo By, . { Vo P LS,
Physics, {PRFEEMSI;EYNTING AND .
Midwifery, . : . . ArcH. DoNaLp, M.D.,, . 105
Diseases of Women, . . JonN Purmuries, M.D., . 105
Wife and Mother, . g . A. WEsTLAND, M.D,, . 108
Infant Rearing, . . . J. B. HELuigr, MD., . 108
Lunatic Asylums, . : .  CHARLES MERCIER, M.B,, 106
Nursing, Medical and Sur-}L HumpHRY, M.D,, » 107
gical, ; " '
o R “‘“}R Burner, MD,, . . 107
Ambulance, . : . . J.Scorr RiopeLr, C.M.,, . 109
First Aid at Sea, : . JOHNSON SmiTH, M.D., , 109 :
Practical Sanitation, . . Geo. Remp, M.D, D.P.H,, 110

Public Health and Hygiene,. H. W. G, MacLrop, M.D, 110

Hygienic Prevention of Uon-}
sampbien, . . : ¢ J. E. Squirg, M.D,, D.P.H, 111
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In Large 8vo. With 36 Plates and Blank Pages for
MS. Notes. Cloth, 12s. 6d.

THE PHYBIOLOGIST'S NOTE-BOOK:

A Summary of the Present State of Physiological
Science for Students.

By ALEX HILL MA, MD,

Master of Downing College and formerly Vice-Chancellor of the Universily of Cambridgs.

GexErAL CONTENTS :—The Blood—Vascular System—Nerves—Muscle—
Digestion—Bkin—Kidneys—Respiration—The Senses—Voice and Speech
—~Central Nervous System—Reproduction—Chemistry of the Body.

CHIEF FEATURES OF DR. HILL’S NOTE-BOOK.
1. It helps the Student to CODIFY HIS KNOWLEDGE.
2. Gives a grasp of BOTH SIDES of an argument.

3. Is INDISPENSABLE for RAPID RECAPITULATION.

The Lancet aaya of 1t :—" The work which the Master of Downing College modestly compares
#0 a Note-book is an ADMIRABLE COMPERDIUM of our present information. . . . “'il}lrhe A REAL
ADguisiTioN fo Btudenta. . . . Gives all EssesTianL roisTs. . . . The TYPOGRAPHICAL
ARBANGEMEST is a chief feature of the ook, . . . Becures at & glance the EvVIDESCE on both

#ides of a theory.”

The Hogpital says :—*"The Physiclogist's Nete-book bears the hall-mark of the Cambridze
% mtz.il the work of one of the most suceesaful of her teachiers. Will be INVALUABLE
+0 ents,”

The British Medical Journal commends in the volume—*" Tts admirable diagrams, its runninj;
Bibliography, its clear Tables, and its concise statement of the anatomical aspecta of the subject,

*.t For Dr. Hill’s Translation of Prof. Obersteiner's Cemtral Nervous
Organs, see p. 92.

A LOCICAL  POCKET-BOOK,; Or,

Synopsis of Animal Classification. Comprising Definitions of the
Phyla, Classes, and Orders, with Explanatory Remarks and Tables.
By Dr. EmiL SELENKA, Professor in the University of Erlangen.
Authorised English translation from the Third German Edition. By
‘Prof. AIxswWoRTH Davis. In Small Post 8vo, Interleaved for the
use of Students, Limp Covers, 4s.

" Dr. Selenka’s Manual will be found useful by all Students of Zoology. It is a cOMPRE-

HENSIYE and BUCCESSFUL attempt (o present us-with 2 scheme of the natural arrangement of
: mwrﬂﬂ"—nfﬁl Med. fomrnal

lll prove very serviceable to those who are atiending Biology Lectures. . . . The
translation is accurate and clear."—ZLamcer. :

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STRFET, STRAND.
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An Elementary Text-Book

B

By J. R. AINSWORTH DAVIS, M.A,, F.Z.S.,

PROFESSOR oF BIOLOGY, UNIVERSITY COLLEGE, ABERYSTWYTH
EXAMINER IN ZOOLOGY, UNIVERSITY OF ABERDEEN.

SEcoND EpiTioN. In Two Volumes. Scld Separately.

I. VEGETABLE MORPHOLOGY AND PHYSIOLOGY.

General Contents.—UNICELLULAR PrLaNTs (Yeast-plant, Germs and
Microbes, White Mould, Green Mould, &c., &e¢.)—SIMPLE MULTICELLULAR
PLANTS (Wrack, Stoneworts, &c.)—THE Moss—PTERIDOPHYTES (Bracken
and Male Shield Ferns, &c.)—PLANT CELLS AND TIssUES—GYMNOSPERMS
(the Fir)—ANGIOSPERMS (Buttercup, Snowdrop)—VEGETATIVE ORGANS OF
SPERMAPHYTES—REPRODUCTIVE ORGANS ON ANGIOSPERMS— PHYSIOLOGY
oF HicHER PLANTS—DEVELOPMENT OF ANGIOSPERMS— COMPARATIVE
VEGETABLE MORPHOLOGY AND PHYSIOLOGY—CLASSIFICATION OF PLANTS.

With Complete Index- Glossary and 128 Illustrations. 8s. 6d.

II. ANIMAL MORPHOLOGY AND PHYSIOLOGY.

General Contents.—ProTozoA : Amceba (Proteus Animalcule), Vorticella
(Bell Animalcule), Gregarina—C@&LENTERATA : Hydra (Fresh-Water Polype),
&c.—PrarTyHELMIA (Flat-worms) : Liver-fluke, Tapeworm—NEMATHELMIA
(Thread-worms)—ANNELIDA (Segmented Worms): Earthworm, Leech—
ArTHROPODA : Crayfish—MoLLusca: Fresh-Water Mussels, Snail—
VERTEBRATA ACRANIA : Amphioxus ( Lancelet)—Pisces (Fishes) : Dogfish—
AMPHIRIA : Frog—AvEs (Birds) : Pigeon and Fowl—MaMMALIA : Rabbit—
COMPARATIVE ANIMAL MoORPHOLOGY AND PHYSIOLOGY—MAN—CLASSIFI-
CATION and DISTRIBUTION OF ANIMALS,

With Compicte Index-Glossary and 108 Jllusirations, 10s. 6d.

NoTE—The SEcoND EDITION has been thoroughly Revised and Enlarged,
and includes all the leading selected TYPES 1n the various Organic Groups,

“ Certainly THE BEST 'BIOLOGY' with which we are acquainted. It Owes its pre-
eminence to the fact that it is an EXCELLENT attempt to present Biology to the Student as o
CORRELATED AND COMPLETE SCIENCE."— Brifish Medical Journal,

" CLEAR and COMPREHENSIVE."— Safwrday Krvicw.

" Literally packED with information.” —Glaspew Medical [ournal

(See p. 114.)

DAVIS AND SELENKA: ZOOLOGICAL

POCKET-BOOK. (See p. 103.)

LONDON : CHALES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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Firru EpiTion, Revised. With Numerous Illustrations. §s.

AN INTRODUCTION TO THE STUDY OF

Y BB R Y.

For the Use of Young Practitioners, Students,
and Midwives.

BY

ARCHIBALD DONALD, M.A., M.D., C.M.EpIN.,

Obstatvic Physician to the Manchester Royal Infirmary; Honovary Surgeon to S5t Mary's
Hosgital for Women, Manchester,

HIGHLY CREDITABLE to the Author. . . . Should prove of GREAT VALUE to
Midwifery Students and Junior Practitioners."—ZEBrifish Gynacological Fournal,

"' As an Introduction to the study of Midwifery o BETTER BOOK could be placed in the
hands of the Student."—Skeffeld Med. Journal,

Tuirp EpiTioN, Thoroughly Revised. With Illustrations, 7s. 6d.
OUTLINES OF THE

DISEASES OF WOMEN.

A CONCISE HANDBOOK FOR STUDENTS.
By JOHN PHILLIPS, M.A, M.D., F.R.C.P,

Senior Physician, British Lying-in Hospital ; Obstetric Physician, and Lecturer on
Practical Obstetrics at King's College Hospital; Examiner in Midwifery
to the University of Cambridge; Examiner in Midwifery and
Diseases of Women to the Royal College of Physicians.

®." Dr. Phillips' work is ESSENTIALLY PRACTICAL in its nature, and will be
found invaluable to the student and young practitioner.

**Contains a GREAT DEAL OF INFORMATION in a VERY CONDENSED form. . . . The
value of the work is increased by the number of sketch diagrams, some of which are HiGHLY
INGENIOUS.,"—Edin. Med, Fournal,

“Dr. PuiLuies’ MANuAL is written in a svcciNcT style. He rightly lays stress on
Anatomy. The passages on CASE-TAKING are EXCELLENT. Dr. Phillips is very trustworthy
throughout in his views on THERAPEUTICS. He supplies an excellent series of simMpPLE but
YALUABLE FRESCRIFTIONS, an INDISPENSABLE REQUIREMENT for students.”—Brif. Med
Fournal,

“This EXCELLENT TEXT-BOOK . . . gives just what the student requires. . . .
The prescriptions cannot but be helpful.”— Medical Press.

LONDON: CHARLES GHIFI_:ihl & IEU.,;.!HITED. EHEEH- -ETHEET. STRAND.
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In Extra Crown 8uve, with Litho-plates and Numerous Illustrations.
Cloth, 8s. 6d.

ELEMENTS OF

PRACTICAL PHARMACY AND DISPENSING.

By W. ELBORNE, B.A.CanTag, F.L.S., F.C.S,

Denconstrator of Materia Medica and Teacher of Pharmacy at University
College, London ; Fharmacist to University College Hospital,

GENERAL CONTENTS.

Part I.—Chemiecal Pharmaey and Laboratory Course.
Part II.—Galenical Pharmacy and Laboratory Course.
Part 1II.—A Praectieal Course of Dispensing, with Faec-Similes
of Autograph Preseriptions.

““A work which we can very highly recommend to the perusal of all

Students of Medicine, . . . ADMIRABLY ADAPTED to their require-
ments. "— Edinburgh Medical Journal.
““The system . , . which Mr. Elborne here sketches is thoroughly

sound. "— Chemist and Druggist.

*+" Formerly published under the title of * PHARMACY AND
MATERIA MEDICA.”

Large 8vo, Handsome Cloth. 1Gs.

LUNATIC ASYLUMS:

THEIR ORGANISATION AND MANAGEMENT.
By CHARLES MERCIER, M.B,

Lecturer on Neurology and Insanily, Wesiminsier Hospital Metical School; Lale Senior
Assistant-Medical Officer af Leavesden Asylum, and at the Cily of London Asylum.

ABSTRACT OF CONTENTS.

Part I.—Housing.—General Principles. — Supervision, — Cost.—Wards
and Ward Offices.—Day Rooms,—The Ilining and Recreation Halls, Chapel,
&e. — Communication. — Administrative Portion. — Accommodation for the
Staff.—Airing Courts,

Part II.—Food and Clothing. — Beverages. — Dietaries.—Testing. —
Storing and Keeping.— Serving. — Extra Diets.—U athing_; »

Part 111 — Occupation and Amusement.— Occupation. — Amuse-
ments,—Airing Courts.—Grounds.— Open-Air Amusements.—The Recreation
Hall.—Dancing. —Theatricals.—Coneerts. )

Part IV.—Detention and Care.—Detention.—Care.—Suicidal Ten-
dency.—Supervision. — Violence.—Restraint. — Dispersion. — Change of Sur-
roundings. — Pretended Vielence. —Accidents. — Falls. — Epﬂﬁpﬁ_c Fits. —
Epileptics at Night.—Provisions for Safety of Patients.—Fire-Extinguishing
Apparatus.— Cleanliness. — Bathing. —Dirty Habits.

art V.—The Staff— Responsibility. —Awards.—Punishment. —Super-
vision. —Inspection.—Surprise Visits.—Reports.—The Chaplain.—The Super-
;:ﬂtengent. —- Assistant Medical Officer, — Matron. — Warders. — Nurses. —
.c"’ cl
“ Will give a much-needed IMPETUS to the study of Asylum Patients."—
Medical Journal.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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TweNTY-FourTH EDITION. Entirely Revised, With Numerous
Lilustrations, 3s. 64,

A MANUAL OF NURSING:
Medical and Surgical,

By LAURENCE HUMPHRY, M.A, M.D,, M.R.CS,

Assistant-Physician and late Lecturer to Probationers at Addenbrooke's Hostital,
Cambridge ; Teacher of Patholopy and Examiner in Medicine,
University of Cambridee.

GENERAL CONTENTS.—The General Management of the Sick Room i
Private Houses—General Plan of the Human Body—Diseases of the Nervous
Systtm—Resp:ramrj System—Heart and Blood-Vessels—Digestive System—
Skin and Kidneys—Fevers—Diseazes of Children—Wounds and Fractures—
Management of Child-Bed—Sick-Room Cookery, &e., &c.

" In the fullest sense Dr Humphry's book is a DISTINCT ADVANCE on all prcw.uu:l-
Manuals. . . . Its value is greatly enhanced by copious Woedcuts and diagrams of the
bones and internal organs, by many Illustrations of the art of BanDAGING, by Temperature
charts indicative of the course of some of the most characteristic diseaﬁes, and by a goodly
array of SICK-ROOM APPLIANCES with which Every Nurse should endeavour to become

inted."—Britichk Medical fournal

" We should advise ALL NURSES to gcmcss a copy of the work. We can confidently re-
commend it as an EXCELLENT GUIDE and companion. '—Jfosgital.

Tuirp Eprrrow, Handsome Cloth, 4s.

FOGRS: AND  DIETARIES:

I Manunal of Clinical Dietetics,
By R W. BURNET, M.D, F.R.C.P,

Physieian in Ordinary (o J.B.H. the Prince of Wales; .Senfﬂr Physician fo the
Freat Novihera Central Hospilal, dic,

=

GENERAL CUHTEIH TS.—DIET in Diseases of the Stomach, Intes-
tinal Tract, Liver, Lungs, Heart, Kidneys, &c.; in Diabetes, Scur‘r}*, Ane-
mia, Serofula, Guut Rheumatiem, Obesity, Alcuhnllsm Influenza, Nervous

Diathetic Diseases, Diseases of Children, with a Section om

Pl‘ed.tgutad Foods, and .&.pp&ndu on Invalid Cockery.

“Tha direetions given are UNIFORMLY JUDICIOUS .  May ba confliently taken
AN & RFLILBLE GUIDE in the art of feeding the sick." — Brit. Med. Journal.

*Dr, Barnet's book will be of great uee. . . Deals with BRoAD and ACCEPTED
TIEWE. . . (Hout, Sourvy, Hickets, and M-:.uhu]lum are instances in point, and they
are all TEEATED wilh ADMIRABLE SENSE and JUDGMENT by Dr. Burnet. 'The careful
stody of guch books as this will very mn-:.:h help the Practitioner in the Treatment of cases,
ll‘l'l?oﬂrfnﬂy n.iul the action of remedies."—

gives & Time-table of Diet, with Bill of Fare for each meal, qﬂlﬂﬁﬁ“r
and hlllqu .. . will help the nurse when at her wits' end for a change of diet, bo
mees the urgency of the moment or tampt the appetite of the patient.”— Glasgow Herald.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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“* Should be in the hands of EVERY MOTHER AND NURSE."— T'ke Nurse (Boston).

FourTH EDITION, REVISED. Handsome Cloth. Price 5s.

THE WIFE AND MOTHER:

A Medical Guide to the Care of Health and the
Management eof Children.

By ALBERT WESTLAND, MA. MD.,“CM

GENERAL CONTENTS :—PaArT I.—Early Married Life.
PArT II.—Early Motherhood. @ Part IIL—The Child, in
Health and Sickness. Parr IV.—Later Married Life.

““ WELL-ARRANGED, and CLEARLY WRITTEN."—/Lancel.

“ THE BEST BOoK of its kind. , . . May be read from cover to cover with
advantage." —Medical Press.

““A REALLY EXCELLENT BOOK.'—Aberdeen Journal,

“*EXCELLENT AND JUDICIOUS."— Western Daily Press.

** The best book I can recommend is * THE WIFE AND MOTHER," by Dr. ALBERT
WESTLAND, published by Messrs. Charles Griffin & Co. It is a MOST VALUABLE
work, written with discretion and refinement."—Meartk and Home.

“ Will be WELCOMED by every young wife . . . abounds with valuable
advice."—Glasgow Herald.

In Large Crown 8vo., Handsome Cloth. 3s.

INFANCY AND INFANT-REARING :

A Guide to the Care of Children in Early Life.

By JOHN BEN]J. HELLIER, M.D.,

Surg. to the Hosp. for Women and Children, Leeds; Lect. on Diseases of Women and
Children, Yorkshire College, Leeds; Examiner in the Victoria University.

With Illustrations.

GENERAL CONTENTS,—Normal Growth and Development in
the first Two Years of Life: The New-born Child—Signs of Maturity
—The Bony System—Nervous System—Development of Special Senses—
Teething, Dil%eulties of Infant-Rearing: Statistics of Mortality.
Causes of Mortality : Improper Feeding—Sour and Diseased Milk.
Special Diseases of Infaney : Gastro-enteric Catarrh—Rickets—Scurvy
Rickets—Thrush—Rheumatism—Causes which hinder Thriving. Infant-
Feeding : Natural Feeding—Wet Nurses and their Diet—Influence of
Alcohol and Drugs., Avrtificial Feeding : Humanising Cow’s Milk—
Peptonising—>5Sterilising — Precautions—Feeding-Bottles—Milk of other Ani-
mals—Diet in Scurvy Rickets, &c. General Hygiene of Infants:
Cleanliness — Warmth — Ventilation — Sleep — Out-door Exercise— Nursery
Arrangements—Shortening.  Speeial Care of New-born Children—
Care of Premature Infant : Tarnier's Couveuse and Mode of using it,
Hygiene of Dentition—Speecial Conditions observed in Infaney.

"THOROUGHLY PRACTICAL, . . . A MINE of information,"—Fullic Heallh.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN’S “FIRST AID” PUBLICATIONS.
On Land. -

Fourtu EptTioN. Large Crown 8vo. Handsome Cloth, 4a,

A MANUAL OF AMBULANCE.

By J. SCOTT RIDDELL, C.M., M.B, M.A.,

Benior Asst.-Surgeon, Aberdeen Royal Infirmary; Lecturer and Examiner to the Aberdeem
Ambulanes Association ; Examiner to the Bt. Andrew's Ambulance Association,
@Glasgow, and the S8t John Ambulance Association, London.

" With Numerous Illustrations and Full Page Plates.

General Contents.—Outlines of Human Anatomy and Physiology—
The Triangular Bandage and its Uses—The Roller Bandage and its Usea
—Fractures—Dislocations and Sprains—Hzmorrhage—Wounds—Insensi-
bility and Fits—Asphyxia and Drowning— Suffocation— Poizoning— Burns,
Frost-bite, and Sunstroke—Removal of Foreign Bodies from (a) %.'ha Eye ;
(6) The Ear; (c¢) The Nose; (d) The Throat; (e) The Tissnes—Ambulance

sport and Stretcher Drill—The After-treatment of Ambulance Patients
—Organisation and Management of Ambulance Classes—Appendix: Ex-
amination Papers on First Aid.

‘A CAPITAL BOOK. . . . The directions are sHomrT and cLEAR, and testily to tla
hand of an able eurgeon.”—Edin, fed. Journal.
* This little volume seems to us about as good as it could possibly be. . . . Conteins
Elntlnllr avery plece of informetion necessary to render First aid. . . . Should find
place in EVERY HOUBEROLD LIBRART."— Jav'y Chronicle,

“Bo apMTRABRLE im this work, that [t is diffficult to imagine how it could ba better.”—
Collisry Guardian.

gt Sca.
Secoxp Epit.oN, Revised. Crown 8vo, Exira.
Handsome Cloth. 6s.

A MEDICAL AND SURGICAL HELP

FOR SHIPMASTERS AND OFFICERS

IN THE MERCHANT NAVY,
INCLUDING

EiRs1 AlD TO THE INJURED.
By WM. JOHNSON SMITH, F.R.C.S,

Principal Medical Officer, S8eamen’s Hoapital, Greenwich.

With 2 Coloured Plates, Numerous [llustrations, and latest Regulations
respecting Medical Stores on Board Ship.

*.* The attention of all interested in our Merchant Navy is requested to this exceedingly
ossfnl and valvabla work. It ia needloss to say that it is the ooleome of many yesr's
FRACTICAL EXPERIENCE amongst Seamen,

* BOUND, JUDICIOUS, REALLY HELPFUL,"—The Laneel,

“It wonld ba difficult to find & Medical and Surgical Guide more clear and comprehensive
than Mr. Jouxsox Suite, whose experience at the Gregxwica HospiTaL eminently qualifies
bhim forthetask. . . . A MOBT ATTRACTIVE WORK., . . . We bave read it from cover
tocover. . . . Itgives clearly written advice to Masters and Officersin all medical andi
surgical mattars likely to come befors them when remote from the land and without &
doctor. We mEcoMuMEND the work to EvERY Shipmaster and Offlcer.”—Liverposl

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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TeENTH EpITION, Revised. Price 6s.

Practical Sanitation :

A HAND-BOOK FOR SANITARY INSPECTORS AND
OTHERS INTERESTED IN SANITATIONM.
BY
GEORGE REID NMD. " IEFE

Fellow, Mem. Council, and Examiner, Sanitary Institute of Great Britain,
and Medical Officer to the Staffordshire County Council.

WITH AN APPENDIX 0OV SANITARY LAW.

BY

HERBERT MANLEY, MA, MB, D.RH,

Medical Officer of Health for the County Borough of West Bromwich.

GENERAL CoONTENTS.—Idtroduction.—Water Supply: Drinking Water,
Pollution of Water.—Ventilation and Warming.—Principles of Sewage
Removal. —Details of Drainage; Refuse Removal and Disposal—Sanitary
and Insanitary Work and Appliances. —Details of Plumbers’ Work.—House
‘Construction. —Infection and Disinfection,—Food, Inspection of; Charac-
teristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food.—
Appendix : Sanitary Law ; Model Bye-Laws, &c.

‘“Dr, Reid's very useful Manual . , , ABOUNDS IN PRACTICAL DETAIL,”
—British Medical fournal,

“*A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend
it not only to SANITARY INSPECTORS, but to HOUSEHOLDERS and ALL interested
in Sanitary matters." —Sanitary Kecord.

e —— e, - T

In PrePARATION. In Crown 8vo. With Illustrations.

METHODS AND CALCULATIONS IN

Public Health & _Vital Statistics.

H. W. G. MACLEOD, M.D.,, C.M., D.P.H.

ABSTRACT OF CONTENTS.
Chemistry. — Specific Gravity. — Meteorology. — Ventilation. —Water, —
Drainage and Sewage. —Diet and Energy.—Logarithms.—Population (Vital
Statistics).

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.



MEDICINE AND THE ALLIED SCIENCKES, 138

In Crown 8w. With Frontispiece. Handsome Cloth. 6s.
THE HYGIENIUC PREVENTION OF

CONSUMPTION.

BY
J. EDWARD SQUIRE, MD, D.P. H. Camb,

Lhysician fo the Norih Lomdon Hespital for Consumption and Diseases of the Chest;
Fellow of the Royal Med.-Chirurg. Society, and of the Bridisk Institute of
Public Health, &., &,

GENERAL CONTENTS:—THE NATURE OF CONSUMPTION—PREVENTIVE
MEASURES : In Infancy, Childhood, School Life, Adult Life; Exercise, Clothing,
Diet; the Household, Choice cf Occupation, Residence—STATE HYGIENE—
MANAGEMENT OF EARLY CoONsUMPTION :(—Question of Curability, Climatic
Conditions, Travelling, &c.

“We can safely ﬁ l'-'l-alnlgI Dr, Bquink’s work WILL REPAT sTUDY even by the most cultivated

hysiclan. . . . thshm‘tmnntaluge one, it i is PULL OF INSTRUCTIVE MATTEE, and
E written in a judicious spirit, besides being VERY READABLE. "—The Lancet,

For other Standard Works on Sanitation

SEE
CRIMP'S SEWAGE DISPOSAL, . Page 76 General Catalogue.
NAYLOR'S TRADES WASTE, - 1B s
WOOD'S SANITARY ENGINEERING, ,, 78 i
DAVIES' HANDBOOK OF HYGIENE, ,, 929
BLYTH'S FOODS,. . - . . o 119

See also “ Locar GoverRNMENT HaNDBOOKS,” page 48 General Catalogue.

With Diagrams, Demy 8vo, 472 pp. 12s. 6d.

ESSAYS IN HEART AND LUNG DISEASES.

By ARTHUR FOXWELL, M.A., M.D.Cantab., F.R.C.P.Lond.,

Physician to the Queen’s Hospital, Birmingham ; Examiner in Medicine,
University of Cambridge.

General Contents,.—Ox~ Dysen@a—ExPeECTORATION IN PHTHISIS—0ON G,trmn.n
A. Acute Pneumenia in Children ; B. Acate Laryngitis in Children ; C. Acute
Peritonitis ; D. Catarrhus)—Ox CLIMATE (A. The Davos and Engadine
lllqrg B. Arosa, a amle: in the Grisons ; C. The Climatic Treatment of Tuber-
cular hthmu:-—Hozr unznnuun PuLMONARY CAvITIES—THE CURABILITY AND
Puraisis — THE VascuLaR SYSTEM IN ANEMIC DEBILITY —
.!Ln'rmu. Hmn TensioN—CoxcesTioN oF THE Lunes—ON HEMmorrysis—TuE
ARTISEPTIC TREATMENT oF TUBERCULAR PHTHISIS.

" Thesa spMiksBLE Essaya."—Aril. Med. Journal,

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.




112 OHARLES GRIFFIN & C0.'S PUBLICATIONS.

Just Our. Firra Epirion, Thoroughly Revised, Greatly Enlarged and
Re-written. With additional Tables, Plates, and Illustrations. 21ls.

FOODS:
THEIR COMPOSITION AND ANALYSIS.
By A. WYNTER BLYTH, M.R.C.8.,, F.IC,, F.C8,,

Barrister-at-Law, Public Anslyst for the County of Devon, and
Medical Officer of Health for 8t. Marylebone,

Axp M. WYNTER BLYTH, B.A., B.8c.,, F.C.S.

GENERAL CoNTENTS, — History of Adulteration. — Legislation, —Ap-
paratus.—*‘ Ash.”—Sugar, — Confectionery. — Honey. — 1reacle. —Jams
and Preserved Fruits.—Starches. — Wheaten-Flour. — Bread. — Oate. —
Barley. —Rye. — Rice. — Maize. — Millet. — Potato. — Peas. — Lentils. —
Beans. — Milk,— Cream. — Butter. — Oleo-Margarine. — Cheese.—Lard. —
Tea. — Coffee. — Cocoa and Chocolate. — Aleohol. — Brandy. — Rum. —
Whisky. —Gin. —Arrack.—Liqueurs. —.hhsinthe.—Yeaat.-—rﬁeer. — Wine.
— Vinegar. — Lemon and Lime Juice.— Mustard.—Pepper.— Sweet and
Bitter Almonds., —Annatto.—Olive 0il.— Water Analysis.—Appendix :
Adulteration Acts, &ec.

“ Amply vn1sPENSABLE In the Analyst's laboratory.”—The Lancet.
** A new edition of Mr. Wynter Blyth's Standard work, EXRICHED WITH ALL THE BECEXT
DISCOVERIES ARD IMPROVEMENTS, will be accepted as a boon."—Chemical News.

Tarep EpiTioN, In Large 8vo, Cloth, with Tables and Illustrations.
Price 21s.

POISON S:
THEIR EFFECTS AND DETECTION.
By A. WYNTER BLYTH, M.R.CSS, F.I.C, F.08,

Barrister-at-Law, Poblic Analyst for the County of Devon, and
Medieal Officer of Health for 8t. Marylebone.

GENERAL CONTENTS.

1.—Historical Introduction. II.—Classification—Statistics—Connection
between Toxic Action and Chemical Composition—Life Tests—General
Method of Procedure—The Spectroscope—Examination of Blood and Blood
Stains. III,.—Poisonous Gases. IV.—Acids and Alkalies. V.—More
or less Volatile Poisonous Substances. VI.—Alkaloids and Foisonous
Vegetable Principles. VII.—Poisons derived from Living or Dead Animal
Substances. VIII.—The Oxalic Acid Group. IX.—Inorganic Poisons.
Appendiz : Treatment, by Antidotes or otherwise, of Cases of Poisoning.

* Undonbtedly TER Mo2T coMPLETE WORE on Toxieol in our lan "—=The Analyst foa
e Third Edition). . e !

““AS R PRACTICAL OUIDE, we know N0 BETTER work,"—1T he Lanecet fon the Third Edition).

" In the TErRDp EpiTion, Enlarged and partly Re-written, New AwaryTicar MerEoDs have

Introduced, and the CADAVERIC ALEALOIDS, or Promaings, bodies I:{Imz 80 great & part in
m—pdlnnjn: and in the Manifestations of Disease, have recaived mu:hpl tention. ?

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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 GRIFFIN'S INTRODUCTORY SCIENCE SERIES.

FULLY ILLUSTRATED.

BOTANY. OPEN-AIR STUDIES 1x BOTANY.
By R. Lroyp Prarcer, B.A.,, M.R.L.A,,

THE FLOWERING PLANT. By

Prof, AivsworTH Davis. Tuirp EpiTioN,

HOW PLANTS LIVE AND WORK.

By ErLeaxor HueHES-GIEB,

THE MAKING OF A DAI&Y

By Eveavor Huveues-Gies, .
BIRD-LIFE. OPEN-AIR STUDIES IN BIRD-
LIFE. By CuariEes Dixow, . : -
CHEMISTRY. INORGANIC CHEMISTRY. By
- Prof. Duprg, F.R.8., and Dr. Wirsox
Hage. Tuairp Eprriox, Re-issned, :

THE THRESHOLD OF SCIENCE.

By Dr. ALpErR WrIiGAT. SEecoxp EpiTionw,

CHEMICAL RECREATIONS. By
J. J. Grirrin, F.C.5. Texte Ebrriox,
Complete, . :

(Or in 2 partq :m]d arparatety )

GEOLOGY. OPEN-AIR STUDIES 1x GEOLOGY.
By Prof. G, A. J. Corg, F.G.5.,, M.R.1.A.
SeEco¥p EpIiTiow, :
I. PRAOTICAL GEUMETRY
THIRD EDI‘I’ION : g
ENGINEERING | | "5t v e

Trirp EpiTion, By ]“nnc:pa.l i
WeLLs, A.M.Inst.C.E.

MAGNETISM & By Prof. JaMmiesox, late of the Glascow and
ELECTRICITY. ?E\Test of Scotland Technical Cailege FIFTE
DITION, .

MECHANICS. By Prof. Jamisox, F:rru anm;

Ti'IEENgI[Eé‘-M} By Prof. Jamiesox. Nixtu Eprriox, .

METALLURGY. By Prof. HomeoLpT Sexrton, Glasgow and
West of BScotland Technical Cnﬂega.
TairD Epitiox, Revised,.

PHYSICS. A TEXT-BOOK OF PHYSIUS
By J. H. PovntiNg, Sc.D., F.R.8., and
J. J . THOMSON, M.A., F.R.B.
Vol. ,—PROPERTIES O0F MATTER.
8ecoxp Epitiow, : .
Vol. II.,—8Sousp (Secoxp Epitiox), .

PHOTOGRAPHY. By A. BRDTHEM, F.R.A.8. SEecoxp

Epition,
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Tuirp EpITION, Revised and Enlarged. Large Crown 8vo, with numerous
Illustrations, 3s. 6d.

THE FLOWERING PLANT,
WITH A SUPPLEMENTARY CHAPTER ON FERNS AND MOSSES,
As Illustrating the First Principles of Botany.

By J. R. AINSWORTH DAVIS, M.A., F.ZS,,

Prof. of Biology, University College, Aberystwyth ; Examiner in Zoology,
University of Aberdeen.

"It would be hard to find a Text-book which would better guide the student to an accurate
knowledge of modern discoveries in Botany. . . . The sCIENTIFIC ACCURACY of statement,
and the concise exposition of FirsT PRINCIPLES make it valuable for educational purposes. Ia
the chapter on the Physiclogy of Flowers, an admiradle réruemd, drawn from Darwin, Hermanms
Milller, Kerner, and iuhhnck, of what is known of the Fertilization of Flowers, is given.™-
Fewrnal of Bolany.

POPULAR WORKS ON BOTANY BY MRS. HUGHES-GIEB.
With Illustrations. Crown &vo. Cloth., 28 6d.

HOW PLANTS LIVE AND WORK:

A Simple Introduction to Real Life In the Plant-world, Based on Lessons
originally given to Country Children.

By ELEANOR HUGHES-GIBB.

*.* The attention of all interested in the Scientific Training of the Young is requested to this
DRLIGHTFULLY PRESH and CHARMING LITTLE BooE. It ought to be in the hands of every Mother
and Teacher throughout the land.

"' The child’s attentlon is first secured, and them, In language SIMPLE, TET ECIENTIFICALLY
ACCURATE, the first lasgoneg in plant-life are set before it."—Natural 8 i
= “In exery way well calenlated to make the study of Eotany ATTEACTIVE to the young. —

With Illustrations. Crown 8wvo. Gilt, 2s. 84d.

THE MAKING OF A DAISY;
i« WHEAT OUT OF LILIES:”
And other Studies from the Plant World.

A Popular Introduction to Botany.
By ELEANOR HUGHES-GIBB,

Aunthor of How Plants Live and Work.
“ A srroeT little introduction to the study of Flowers,'—Journal of Botany.

“ The book will afford real assistance to those who ean derive pleasure from the study of
Wature in the open. . . . The literary style is commendabls.”— KEncwledge,

LONDON : CHARLES GRIFFIN & 0., LIMITED, EXETER STREET, STRAND. .
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" Boys 0OULD NOT HAVE A MORE ALLURING INTRODUCTION to scientific pursuite.
than thess charming-look volumes."—Letter to the Fublishers from the Head-
master of one of our great Public Schools.

Handsome Cloth, 7s. 6d, Gilt, for Presentation, 8s. 6d.

OPEN-AIR STUDIES IN BOTANY:

SEETCHES OF BRITISH WILD FLOWERS
IN THEIR HOMES.

By R. LLOYD PRAEGER, B.A, M.R.IA.

Hlustrated by Drawings from Nature by S. Rosamond Praeger,
and Photographs by R. Welch.
GexERAL CoxTENTS.—A Daisy-Starred Pasture—Under the Hawthorns
—By the River—Along the Shingle—A Fragrant Hedgerow—A Connemara-
—Where the Samphire grows—A Flowery Meadow—Among the Corn
(a Study in Weeds)—In the Home of the Alpines—A City Rubbish-Heap—
G .

" A FRESH AND STIMULATING book . . . should take a high place . . . The
Iliustentions are drawn with much skill."—The T'imes.
" BRAUTIFULLY ILLUSTRATED. . . . Omne of the MOST ACOURATE as well az-

@ books of the kind we have seen."—.d thenwum.
i"Redolent with the scent of woodland and meadow.”—The Standard.

With /2 Full-Page [llustrations from Photographs. Cloth.
Second Edition, Revised, 8s, 6d.

OPEN-AIR STUDIES IN GEOLOGY:

An Introduction to Geology Out-of-doors.

By GRENVILLE A. J. COLE, F.GS., M.RIA,
Professor of Geology In the Royal College of Science for Ireland,
and Examiner in the University of London.

GexeErar CoNTENTS.—The Materials of the Earth—A Mountain Hollow-
—Down the Valley— Along the Shore—Across the Plains—Dead Volcanoes:
—A Granite Highland-—The Annals of the Earth—The Surrey Hills—The-
Folds of the Mountains.

“The wascrative *Ores-Aiz Broores’ of Pror. Corr give the subjeet & crow
ANIMATION . . . cammotfail to arouse keem interestin geo S—Geolegical Magasine,
"' A CHAEMING BOOE, beaulifully illustrated.” — Athenmnm.

——

Rénutr'_fuﬂy Ilustrated. With a Frontispiece in Colours, and Numerous
Specially Drawn Plates by Charlfes Whymper. 7s. 6d.

OPEN-AIR STUDIES IN BIRD-LIFE:

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS.

By CHARLES DIXON.
The Eﬁ;&nﬂu Air,—The Open Fields and Downs.—In the Hedgerows.—On
th and Moor,—On the Mountains.—Amongst the Evergreens.—
opse and Woodland.—By Stream and Pool.—The Sandy Wastes and Mud-
flats.—Sea-laved Rocks.—Birds of the Cities. —INDEX.

*‘ Enriched with excellent illustrations. A welcome addition to all libraries."— W ost-
siinster Review.

"~ LONDON: CHARLES GRIFFIN & CO., LIMITEQ. EXETER STREET, STRAND.
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. A BOOK NO FAMILY SHOULD BE WITHOUT.
Tuinty-SEVENTH EpiTiON. Royal ﬂv.c:«, Handsome Cloth, 10s. Gd.

A DICTIONARY OF

Domestic Medicine agrd Household Surgerj,

SPENCER THOMSON, M.D.,, L.R.C.S. (Edin.),

AND
J. CHARLES STEELE, M.D., Late of Guy's Hospital.

THOROUGHLY REVISED AXD BROUGHT DOWN TO THE PRESENT
STATE oF MEDICAL SCIENCE
BY
ALBERT WESTLAND, M.A., M.D,,

AUTHOR OF "“"THE WIFE AND MOTHER™;
AND
GEO. REID, M.D., D.P.H.,

MEDICAL OFFICER TO THE ETAFFORDEHIRE COUNTY COUNCIL

With a Sectlon on the Mainternance of Health and the Management of Disease In
Werm Climates by JAS. CANTLIE, M.A.,, M.B., F.R.C.8., Lecturer on
Arplied Anatomy, Charing Cross Hospital; Burgeon, West-end
Hospital for Nervous Diseases; formerly Surgeon,
Charing Cross Hospital; Dean of the College
of Medicine, Hong EKong, &o., &o.;
AND AN
Appendix on the Management of the Sick-room, and many Hints for the
Diet and Comfort of Invalids.

In its new Form, Dr. Spexcer THomzoN’s * DictioNAry oF DouesTio Meproiwz”
fully sustains its reputation as the *Representative Book of the Medical EKnowledge

and Practice of the Day ” applied to Domestic Requirements.

The most recent IMPROVEMENTS in the TREATMENT OF THE SICKE—in APPLIAKCES

for the ReLier oF Parx—and in all matters connected with SaANITATION, HYGIENE, and
the MAINTENAKCE of the GENERAL HEALTH—wWill be fourd in the Present Issue in clear
and full detail ; the experience of the Editors in the Spheres of Private Practice, of
Hospital Treatment, of Sanitary Supervision, and of Life in the Tropics re!p!ﬂtl?ﬂgz;
combining to render the Dictionary perhaps the most thoroughtly practical work of
kind in the English Language. Many new Engravings have been included—improved
Diagrams of different parts of the Human Body, and Illustrations of the newest Medical,
Surgical, and Sanitary Apparatus,

* .t All Divections given in such a_form as to be readily and safely followed.

FROM THE AUTHOR’'S PREFATORY ADDRESS.

# Without entering upon that diffienlt ground which correct professional knowledge and cducated
fodgment can alone permit to be safely trodden, there is a wide and extensive fleld for exertion, and for
usefulness, open to the unprofessional, in the kindly offices of a true DOMESTIC MEDICINE, the timely
help and eolace of a simple HOUSEHOLD SURGERY, or, better still, in the watchful care more gener-
ally known as *SANITARY PRECAUTION," which tends rather t»ai\rmﬁu health than to cure disense.

*The touch of a gentle hand’ will not be less gentle because guided by knowledge, nor will the safs
domestic remcdies be less anxiously or carefully administered. Life may be saved, suff m nlwag:
e alleviated. Even to the resident in the midst of civilisation, the * ENOWLEDGE 18 PO ' to
&ood ; to the scitler and emigrant it is INVALUABLE."

" Dir. Thomson has fully succeeded in conveying to the public & vast amount of useful professional
: Medical Seience. 3

mowledyge."—Dublin Journal of
* The amount of useful knowledge conveyed in this Work is surprising.”—Wedical Times and Gagetts

“ WORTH IT§ WEIGHT IN GOLD TO FAMILIES AND THE CLERGY."—Oxzford Herald.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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