250 EXAMPLES.

162, How much will mercury be depressed hy capillary action in a glass tube
of half a millimetre diameter, the surface-tension of mercury at 20 C. being 418
dynes per cm., its density 13:564, and the cosine of the angle of contact ‘7037

165. Show by the method of § 186 that the capillary elevation or depression
will be the same in a square tube as in a circular tube whose diameter is equal to
a side of the square.

164. Two equal dises in a vertical position have a film of water between
them sustained by capillary action. Show that if the water at the lowest point
is at atmospheric pressure, the water at the centre of the discs is af a pressure less
than atmospheric by 7g dynes per sq. em., » being the common radius of the
discs in cm.; and that the dises are pressed together with a force of # 7% dynes.

BAroMETER, AND Boyres Law,

165. A bent tube, having one end open and the other closed, contains mercury
which stands 20 em. higher in the open than in the closed branch. Compare the
pressure of the air in the closed branch with that of the external air; the baro-
meter at the time standing at 75 cm.

166. The cross sections of the open and closed branches of a siphon barometer
are as 6 to 1. What distance will the mercury move in the closed branch, when
a normal barometer alters its reading by 1 inch?

167. If the section of the closed limb of a siphon barometer is to that of the
open limb as @ to b, show that a rise of 1 cm. in the mercury in the closed limb

5 b
corresponds to a rise of a’—} ’ e, of the theoretical barometer.

168. Compule, in dynes per sq. cm., the pressure due to the weight of a column
of mercury 76 <. high at the equator, where ¢ is 978, and at the pole, where g
is 983,

169. The volames of a given quantity of mercury at 0° C. and 100° C, are as
1 to 1'0182. Compute the height of a column of mercury at 100°, which will
produce the same pressure as 76 em. of mercury at 0°,

: 170. The volumes of a given mass of mercury, at 0° and 20°, are as 1 to 1°0036.
Find the height reduced to 0°, when the actual height (in true centimetres), at a
temperature of 20°, is 762,

171. In pm‘f‘m‘m.ing the Torricellian experiment a little air is left above the
mercury. If this air expands a thousandfold, what difference will it make in the

height of the column of mercury sustained when a normal barometer reads
76 cm.?

o Bt e : N
172. In performing the Torricellian experiment, an inch in length of the tube

1s occupied with air at atmospheric pressure, before the tube is inv
the inversion, this air expands till it occupies 15 inches, w
mercury 28 inches high is sustained below it,

erted. After
hile a column of
Find the true barometric height.

173. The mercury stands at the same level in the open and in ¢
of a bent tube of uniform section, when the air confined at the closed end is at
the pressure of 30 inches of mercury, which is the same as the pressure of t};e
external air. Express, in atmospheres, the pressure which, acting on- the surface
of the mercury in {he open branch, compresses the confined air tobhalf its {;1-igi;a]

he closed branch
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volume, and at the same time maintains a difference of 5 inches in the levels of
the two mercurial columns,

174. At what pressure (expressed in atmospheres) will common air have the
same density which hydrogen has at one atmosphere ; their densities when com-
pared at the same pressure being as 1276 to 88:47

175, Two volumes of oxygen, of density ‘00141, are mixed with three of
nitrogen, of density ‘00124. Find the density of the mixture—(a) if it occupies
five volumes; (b) if it is reduced to four volumes.

176. The mass of a cub. cm. of air, at the temperature 0° C,, and at the pressure
of a million dynes to the square cm., is "0012759 gramme. Find the mass of a
cubic em. of air at 0° C., under the pressure of 76 cm. of mercury—(a) at the pole,
where ¢ is 983°1; (b) at the equator, where g is 978'1; (¢) at a place where g is
981.

177. Show that the density of air at a given temperature, and under the
pressure of a given column of mercury, is greater at the pole than at the equator
by about 1 part in 196; and that the gravitating force of a given volume of it
is greater at the pole than at the equator by about 1 part in 98.

178. A cylindrical test-tube, 1 decim. long, is plunged, mouth downwards,
into mercury. How deep must it be plunged that the volume of the inclosed air
may be diminished by one-half?

179. The pressure indicated by a siphon barometer whose vacuum is defective
is 750 mm., and when mercury is poured into the open branch till the barometric
chamber is reduced to half its former volume, the pressure indicated is 740 mm.
Deduce the true pressure.

180. An open manometer, formed of a bent tube of iron whose two branches
are parallel and vertical, and of a glass tube of larger size, contains mercury at
the same level in both branches, this level being higher than the junction of the
iron with the glass tube. What must be the ratio of the sections of the two
tubes, that the mercury may ascend half a metre in the glass tube when a pres-
sure of 6 atmospheres is exerted in the opposite branch?

181. A curved tube has two vertical legs, one having a section of 1 sq. em., the
other of 10 sq. cm. Water is poured in, and stands at the same height in hoth
legs. A piston, weighing 5 kilogrammes, is then allowed to descend, and press
with its own weight upon the surface of the liquid in the larger leg. Find the
elevation thus produced in the surface of the liquid in the smaller leg.

Puoues, &c.

182. The sectional area of the small plunger in a Bramah press is 1 sq. em.,
and that of the larger 100 sq. cm, The lever handle gives a mechanical advan-
tage of 6. What weight will the large plunger sustain when 1 cwt. is hung from
the bandle? -

183. The diameter of the small plunger is half an inch; that of the larger
1 foot. The arms of the lever handle are 3 in. and 2 ft. Find the total mechan-
ical advantage.

184. Find, in grammes weight, the force required to sustain the piston of a
suction-pump without friction, if the radiusof the piston be 15 em., the depth
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from it to the surface of the water in the well 600 em., and the height of the
column of water above it 50 em, Show that the answer does not depend on the
size of the pipe which leads down to the well.

185. Two vessels of water are connected by a siphon. A certain po_iut_ Pin
its interior is 10 em. and 30 cm. respectively above the levels of the liquid in the
two vessels, The pressure of the atmosphere is 1000 grammes weight per sg. cm.
Find the pressure which will exist at P—(a) if the end which dips in the upper
vessel be plugged ; (b) if the end which dips in the lower vessel be plugged.

186. If the receiver has double the volume of the barrel, find the density of
the air remaining after 10 strokes, neglecting leakage, &c.

187. Air is forced into a vessel by a compression pump whose barrel has 5th
of the volume of the vessel. Compute the density of the air in the vessel after
20 strokes.

188. In the pump of Fig. 136 show that the excess of the pressure on the upper
above that on the lower side of the piston, at the end of the first up-stroke, is

-

V—}rV’ of an atmosphere [in the notation of § 230]; and hence that the first

stroke is more laborious with a small than with a large receiver.

189. In Tate’s pump show that the pressure to be overcome in the first stroke
is nearly equal to an atmosphere during the greater part of the stroke; and that,
when half the air has been expelled from the receiver, the pressure to be over-

come varies, in different parts of the stroke, from half an atmosphere to an atmo-
sphere.

ANSWERS TO EXAMPLES.

Ex 1. 1414,  Ex. 2. 13. Ex. 3. 707 each. Ex. 4, 10. Ex 5. 1414,
Ex. 6. 707 each. Ex. 7. Introduce a force equal and opposite to the resultant.

Then we have three forces making angles of 120° with each other. Ex. 9. Equal
to one of the forces.

Ex. 10%. 28. Ex. 11*% 40 in. from smaller weicht. Ex. 12. 60 Ibs. by A,
40 Ibs. by B. Ex.13. 2§ Ibs. Ex. 14. 2 Ibs. Ex. 15. 15 in. from centre.
Ex, 16. 12} Ibs. Ex. 17. 32 Ibs. Ex. 18. 104 ft. nearly. Ex. 19, 6 lbs. Ex.
20. 27 ft. from end. Ex. 21. 212 Ex. 22. 2 units acting at distance of 5 yards
from the greater force. Ex. 23. 6 ft. from the end; pressure 2 units. Ex. 24.
45 lbs. Ex. 25. 2% lbs, 10§ 1bs. Ex. 26. % in. Ex. 27. 2% in. Ex. 28. 3 of
side of square. Ex. 29. % of diagonal of large square. Ex. 30. 4% cm. from
centre of large sphere. Ex. 31, Denoting side of square by a, distance from AB
e e SR L

W+P+QiRgs™ distance from AD is W+P+QiR %
Bx. 34. 4% cm. Ex. 35. 58 em. Ex. 36. 17. Ex, 37, -1,0,+18. Ex,

38. 1W (V(*+)~c). Ex 39. Wi Ex 40. § (H-Ap
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Ex. 44. 14 1bs. Ex. 45. (a) 133} 1bs.; (b) 1662 Ibs. Ex. 46. 1 to 603 nearly.
Ex. 47. 373L

Ex. 49. 50. Ex. 50. 72. Ex 51. 7 cm. per sec. Ex. 52. 35. Ex 53. 60.
Ex. 54. 60 dynes. Ex.55. 6 dynes. Ex.56. 7 dynes. Ex. 57. Smaller mass
135, larger todgo em. per sec. Ex. 58. Inversely as masses of bullet and gun.
Ex. 59. Mass of bullet is {5 of mass of block.

Ex. 60. 98 cm. per sec. Ex. 6l. 49 cm. Ex. 62. 490 cm. Ex. 63. 7 sec.
Ex. 64. 1221 em. Ex. 65. 626 cm. per sec. Ex. 66. 6 cm. per sec. upwards.
Ex. 67. 459 cm. above point of projection. Ex. 68. 1650 em. per sec. downwards.
Ex. 69. 1062} cm. below starting point. Ex. 70. 384 ft. per sec. Ex. 71, 2304 ft.
Ex. 72. 1% ft. Ex. 73. 5 sec. Ex. 74. 16 ft. Ex. 75. 40 ft. per sec. Ex. 76.
4 ft. per sec. upwards. Ex. 77. 156 ft. Ex, 78. 78 ft. per sec. Ex. 79. 81 ft.
Ex. 80. After 452 sec. At 1356 m. from tower. Ex. 81, After *41 sec. from
dropping of second body.

Fx.84. L g. Ex. 8. A ¢g. Ex. 86. 245 cm. per sec. Ex. 87. 70 cm. per
sec. Ex, 88. 200 cm. Ex. 89. 245 cm.

Ex. 90. 90,000 ergs. Ex. 91. 98,100,000 ergs. Ex. 92. 241,326,000 ergs.
Ex. 93. 528,220,000 ergs each. Ex. 94, 11,760 ergs; +/ 23520=1534 cm. per sec.
Ex. 95. 11,560 ergs. Ex. 96. 24 x 10° eros in each discharge. Not quite 19
discharges per min. Ex. 98. 2376 nearly.

Ex. 99. 18330 em. or about 600 ft. Ex. 100. 2 \/g_a, Vﬁym

Fat

A E Goo.p— n b | B 3 it
Ex. 101* 223:679 cm. Ex. 102. MR?, TF

Ex. 103. 2¢; mass of rod multi-
a

plied by 73¢% Ex. 104. At either of the two points distant 5—=

from centre ; at

either of the two points distant g from centre. Ex. 106, (27)2=3948. Ex. 107.
(1024 )% = 10350000,

Ex. 108. 102500. Ex. 109. 883:35. Ex. 110. 31°53. Ex. 111. 149'5. Ex.
112, 12217. Ex. 113. 13338. Ex. 114, 29901. Ex. 115. 1265, Ex 116. 30.
Ex. 117. 12 ft. 7in. Ex. 118. 980'68. Ex. 119. 45-79. Ex. 120, 7342, Ex
121. 994. Ex. 122. 125. Ex. 123. 4« r?%hd.

Ex. 124. 2:357. Ex. 125. 1'8. Ex. 126. 932. Ex. 127. ‘0046 sq. cm. Ex.
128, 625, Ex. 129. 4§. Ex. 130. 19125, Ex. 131. 1%. Ex 132 3% Ex
133. 10 cub. cm., 78 gm., 78. Ex. 134, 104. Ex. 135. 40'83. Ex. 136. 117°5.
Ex. 137. 193, 183, 57, Ex. 138. ‘393 sq. cm., '354 em. Ex. 139. 18, 8777,
00835 sq. em., 0516 cm. Ex. 140. 60°48, 52:62. Ex. 141. 900 cc. Ex. 142.
556 cm. Ex. 143. 50 cc. Ex, 145, 3,70 cc. Ex. 146, 400 gm. Ex, 147
45 = 4185. Ex. 148. 3% =3:6115. Ex. 149. 366 c.c. Ex, 150. 2577 gm.
Ex. 151. 1'0033. Ex. 152. 12 of the iron. Ex. 153. 1 lit. of first, 2 lit. of second.
Ex. 154. £ of a litre. Ex, 155, l—ﬁ/ii}s decim. =-158 em. Ex. 156. ,{5/1—;81%:
935 em. Ex. 157. Gold : silver : : [%,—]13 : ]l)_}{ Ex. 158. (@) 577, (b) 10°6.
M-mA,

Fx. 159. A
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Ex. 161. 6:6 cm. nearly. Ex. 162. 1-77 cm.

Ex. 165. 12. Ex. 166. § in. Ex. 168, 1010564, 1015730, Ex. 169. 77:3832.
Ex. 170. 7593. Ex. 171. -076. Ex.172. 30 in. Ex. 173. 2}. Ex. 174. “0693.
Ex. 175. (2) 001308, (8) ‘001635, Ex. 176. (a) ‘0012961, (b) 0012895, (c) 0012933,
Ex. 177. d varies as g, and therefore gd varies as g% Ex. 178. Its top must be
76—5=71 cm. deep. Ex. 179, 760 m. Ex. 180. 33 to 5. Ex. 181. 454 cm.

Ex. 182. 30 tons. Ex. 183. 4608, Ex. 184. 459500 nearly. Ex. 185. (a) 970.
(b) 990 gm. wt. per sq. cm. Ex. 186, & of an atmosphere, nearly. Ex, 187. 3
atmospheres.

INDEX TO PARI E

Absorption of gases, 177.

Acceleration defined, 5.

Air, weight of, 138, 130.

— pump, 179.

— chamber, 218.

— film, adhereat, 177.

Alcoholimeters, 114, t15.

Amslitude of vibration, 63.

Aneroid, 154.

Annual and diurnal variations, 161.

Archimedes’ principle, g7.

Aristotle’s experiment, 138.

Arithmetical lever, 12,

Ascent in capillary tubes, 124,
125, 128,

Atmosphere, 140.

— standard of pressure, 141.

Attractions, apparent; 133

Atwood’s machine, 57,

Axis of couple, 14.

— of wrench, 15,

Babinet’s air-pump, 106.

Back-pressure on discharging ves-
sel, g2, 225, 226.

Balance, 34-40.

Balloons, 204—208.

Barker's mill, g3.

Barographs, 156, 158.

Barometer, 142.

—, corrections of, 148-1571.

Barometric  measurem:nt  of
heights, 159-161.

— prediction, 163.

Baroscope, 2o04.

Beaume’s hydrometers, 113.

Bianchi’s air-pump, 183,

Bladder, burst, 187.

Bourdon’s gauge, 175.

Boyle’s law, 166,

— tube, 166.

Bramah press, 222,

Bubbles filled with hydrogen, zos.

—, tension and pressure in, 130.

Buoyancy, centre of, g8, 100.

Buys Ballot’s law, 164.

Caissons, zoz.

Camphor, movements of, 134.
Capillarity, 124-134.
Cartesian diver, ror.
Cathetometer, 144.

Centre of buoyancy, g8, 1oo.
— of gravity, 17-21.

— — — by experiment, 2z.
— — —, velocity of, 46.

— of mass, 47.

— of oscillation, 71.

— of parallel forces, 10, 17.
— of pressure, 3.
Centrifugal force, 6o, g5,

— pump, 219.

C.G.S. system, 48.

Change of momentum, 42.
— of motion, 42.

Charts of weather, 163.

Circular motion, 5g.

Clearance, see untraversed space,
189, 213.

Coefficients of elasticity, 79.

— of friction, 81.

Colloids, 135.

Communicating vessels, 118, 125.

Component along a line, 16.

Components, 7.

Compressed-air machines, zoz.

Compressibility, 79.

Compressing pump, 199.

Conservation of energy, 74-76.

Constant load, weighing with, 37.

Contracted vein, 225.

Contractile film, 127-130, 133, 134.

Convertibility of centres, 70.

Corrections of barometer, 148-151.

Counterpoised barometer, 155.

Couple, 13.

Crystalloids, 135.

Cupped-leather collar, zz2,

Cycloidal pendulum, 67.

Cyclones, 165.

D’Alembert's principle, gé.

Deflecting force, fo.

Deleuil’s air-pump, 1g6.

Density, absoluteand relative, 105,

—, determination of, rof-112.

—, table of, xii.

Depression, capillary, 124, 123,
128.

Despret#’s experiments on Boyle's

r, 168,

Diameters, law of, r2s.
Diffusion, 135.

Dhsplaced liquid defined, 1oo.
Diurnal barometric curve, 161.
Diver, Cartesian, 1o1.
Double-acting pumps, 183, 218.
Double-barrelled air-pump, 181,
Double exhaustion, 104.

— weighing, 35.

Drops, 131

Dynamics, 2.

Dynamometer, 4.

Dyne, 48.

Efficiency of pumps, 214.

Efflux of liquids, 224.

— — —{from air-tight spaces, 229.
Egg in water, 100.

Elasticity, 77-8o.

| Elevation, capillary, 124-128,
| Endosmose, 134.

Energy, conservation of, 74-76.
Eunergy, kinetic, 73.

—, static or potential, 73.
English air-pumps, 184.
Equilibrium, 4.

| Equivalent simple pendulum, 66.
| Erg, 48.

Errors and corrections, signs of,
I5I.

Exhaustion, limit of, 188.

—, rate of, 180.

Expansibility of gases, 137.

Fahrenheit’s barometer, 156.

— hydrometer, 111,

Fall in vacuo, 4g.

Falling bodies, s2.

Film of air on solids, 177.

Films, tensionin, 127-130, 133, 134.

Fire-engine, 218,

Float-adjustment of barometer,
T47.

Floatation, 102.

Floating needles, 103.

Fluid, perfect, 83.

Force, 3.

—, amount of, 44.

—, intensity of, 44.

—, unit of, 44, 48.

Forcing-pump, 216.

Fortin’s barometer, 144.

Fountain in vacuo, 187.

—, intermittent, 230.

Free-piston air-pump, 196.

Friction, 81, 82.

— in connection with conservation
of energy, 76.

Froude on contracted vein, 2z5.

Galileo on falling bodies, 49.

— on suction by pumps, 142,

Gases, expansibility of, 137.

Geissler’s air-pump, 191.

Geometric decrease of pressure
upwards, 160.

Gimbals, 147.

Gradient, barometric, 164.

Gramme, 105.

Graphical interpolation, 116.

Gravesande’s apparatus, 7.

Gravitation units of force, 4, 106,

Gravity, apparent and true, 61.

—, centre of, 17-21.

— — —, its velocity, 46.

—, formula for its intensity, 5I.

— measured by pendulums, 72.

-~ proportional to mass, se.

Guinea-and-feather experiment,
49

Head of liquid, 224.

Heights measured by barometer,
159-161.

Hemispheres, Magdeburg, 187.

Homogeneous atmosphere, 159,
160.

““ Horizontal ” defined, 17.

Horse-power, xi.

Hydraulic press, 87, 225

‘— tourniquet, 93.

Hydrodynamics, 83.
Hydrogen, bubbles filled with, 205.
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Hydrokinetics, 83.
Hydrometers, 110-117.
Hydrostatics, 83.
Hypsometric formula, 161,

Immersed bodies, g8.

Inclined plane, 32.

Index errors and corrections, 151
Inertia, 41.

—, moment of, 68.

Inexhaustible bottle, 230.

Insects walking on water, 1o4.
Intermittent fountain, 230.
Isobars, 163.

Isochronous vibrations, 66, 78.

Jet-pump, 219.
Jets, liquid, 224.

Kater's pendulum, 7r.
Kinetic energy, 73.
Kinetics, 4

King's barograph, 155, 156,
Kravogl's air-pump, 1go.

Laws of motion, 41—43.

Levels, 119-123.

Lever, 29.

Limit to action of air-pump, 188.
Liquids find their own level, 118.
— in superposition, 88.

Magdeburg hemispheres, 187.

Magic funnel, 229.

Manometers, 172-175.

Marine barometer, 153.

Mariotte’s bottle, 235.

— law, 166.

— tube, 166.

Mass, 44, 45.

— and gravitation proportional,
50,

—, centre of, 47.

Mechanical advantage, 30.

— powers, 20-33.

Mechanics, 2.

Meniscus, 131.

Metacentre, 103.

Metallic barometer, 155,

Mixtures, density of, 113.

— of gases, 176

Moduli of elasticity, 78,

Moment of couple, 13.

— of force about point, 11.

— of inertia, 68.

Momentum, 44.

Morin’s apparatus, ss.

Motion, laws of, 41-45.

Motions, composition of, 42.

Mountain-barometer, theory of|
150-161,

Multiple-tube barometer, 157.

— — manometer, 17z,

Natural history and natural phi-
losophy, 1.

Needles floating, 103

Newton’s experiments with pen-
dulums, so.

— laws of motion, 41-45.

Nicholson’s hydrometer, 111

INDEX TO PART I

(Ersted's piezometer, 79.
Oscillation, centre of, 71

Parachute, zo7.

Paradox, hydrostatic, g1.
Parallel forces, g-14.
Parallelogram of forces, 7, 43.
— of velocities, 43.
Parallelepiped of forces, 8.
Pascal’'smountain experiment, 142.
— principle, 86.

— vases, 29.

Pendulum, 62.

—, compound, 70.

| —, cycloidal, 67.

—, isochronism of, 64.

—, simple, 62.

—, time of vibration of] 6s.

Period of vibration, 63.

‘ Perpetual motion,” 26.

Phial of four elements, 8g.

Photographic registration, 157.

Piezometer, 79.

Pile-driving, 75

Pipette, 225.

Plateau’s experiments, 131.

Platinum causing ignition of
hydrogen, 177.

Plunger, 216.

Pneumatic despatch, zoz.

Potential energy, 73.

Pressure, centre of, g3.

—, hydrostatic, 84.

—, intensity of, 83.

— on immersed surfaces, g3.

—, reduction of, to absolute mea- |

sure, I5t.
Pressure-gauges, 172-175.
Pressure-height defined, 159, 220.
Pressure in air computed, 16
— least where velocity is g
220.
Principle of Archimedes, g7.
Projectiles, 53.
Pulleys, 31.
Pump, forcing, 216.
—, suction, 211
Pumps, efficiency of, 214.

Quantity of matter, 4s.

Range and amplitude, 161.
Rarefaction, limit of, 188.
—, rate of, 180,
Reaction, 4, 15, 45.

iing jet, g2, 223, 226
Rectangular components, 13,
Reg

0-172.

Resistance of the air, 49, 53.
Resolution, 15,

bod

g ¥y 5.
Rotating vessel of liquid, g3

Screw, and screw-press, 33.
Second-law of motion, 42.
Sensibility and instability, 38.
Sens ty of balance, 3z,
Simple-harmonic motion, 63.
Simple pendulum, 62,

Siphon, 231.

— for sulphuric acid, 234,

Siphon-barometer, 157,

Specific gravity, 1os.

— — by weighing in water, ro8.

— — flask, 107.

— —, table of, xii.
rit-levels, 120-T23,

Sprengel’s air-pump, 193.

Spring-balance, 4.

Stability, 21-28, 38.

Standard kilogramme, ros,

Statics, 4.

Steelyard, 4o.

Suction, 211.

— pump, 211.

Sugar-boiling, 202,

Superposed liquids, 88.

Surface of liquids level, 8s.

Surface-tension, 127-130, 133, 134.

— —, table of], 134,

Tantalus’ cup, 285,

Tate’s air-pump, 186.

Torricellian experiment, 141,
Torricelli's theorem on efflux, 224.
Tourniquet, hydraulic, 93.
Trajectory, s4.

Translation and rotation, 3.
Transmission of pressure in fluids,
Triangle of forces, 6,

Twaddell’s hydrometer, 114

Uniform acceleration, 5o,
Unit of force, 44, 48.
k, 48.
Units of measurement, 47,
= G165 48
Unstable equilibrium, 21-28, 38.
Untraversed space, 183, 213.

— of wor

| Upward pressure in liquids, 88.

Vena contracta, 223,

Vernier, 145.

“Vertical” defined, 17

Vessels in communication, 118,
125

Vibrations, 66,

—; when small, isochronous, 78.

Volumes measured by weighing in
water, 110.

| Water, compressibility of, 79.

— level, 11g.

| — supply of towns, 118,
W

hing, double, 35.
— in water, 108.
— with constant load, 37.
Weight affected by air, 20
“Weight” ambiguous, 106.
Wheel and axle, 30.
Wheel-barometer, 152.
Whirling vessel of liquid, 05
Work, 22-25,
— in producing motion, sa.

Wrench, 15.

Young’s mod

Zero, errors of, 151,







