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FOREWORD

The Laboratory and Workshop Notes here reprinted were selected
mainly from those appearing originally in the Journal of Scientific
Instruments from 1946 onwards, with the addition of several from the
carlier years for which there was no room in the first volume. Since the
first volume has been so favourably received, the Board of the Institute of
Physics feels that laboratory workers would welcome a further selectionand
hopes that they will find in the following pages simple time-saving and
elegant solutions of some of the many problems that they may have to
resolve from time to time.

As before, the royalties from the sale of this volume will be placed to
the credit of the Institute’s Benevolent Fund, and the Board again wishes
to re@ord its grateful thanks both to the authors of these Notes for their
kindness in allowing them to be reprinted, and to Dr. Ruth Lang for all
the care she has taken to produce a second volume worthy of the first.

?. clon,
e

President,
July, 1950

14357886




PREFACE

In presenting this.-second selection of Laboratory and Workshop
Notes, the same general principles have been followed as in the previous
volume. As before, some Notes have been slightly condensed, and
introductory paragraphs, acknowledgments and so forth have been
omitted. It has been thought best to omit the trade names of products,
save in a few special instances, and the addresses of particular makers
or suppliers of materials mentioned in the original Notes.

I should like to thank several authors who have willingly co-operated
in bringing the information in their Notes up-to-date for the special
purpose of this volume. :

While every endeavour has been made to trace the authors to obtain
their permission to reprint these Notes, this has been unsuccessful in a
few cases; it is sincerely hoped that these authors will readily join with
the others in agreeing to make their work more widely known by inclusion
in this volume.

RUTH LANG.




10.
1.
12,
13.
14.
15,

16.

17.
18,
19.
20.

21.
22.
23.
24.
25.

CONTENTS

Foreword, by the President
Preface

SecTioN 1. Graphs and Drawings

Determination of Turning Values by means of Logarithmic Graphs.
R. 5. Silver

A Useful Method ofGlaph Plottlng M O C. Hm gan

Linear Scale for the Direct Measurement of Curves. (/u/mn

A Simple and Accurate Method of Deriving the Slope of a Graphed
Function. E. Ramsay Wigan . .

A Graph or Chart Stylus. L. G. Young . . . .

Resistance-watts Computer and Curve Plotter. 4. Hetheringron and
C.J. Milner .

Proportional Plotter. W. M Bl(’/a/\ .

An Aid to Sketching without a Drawing-board. L H. Bamb; idge B( 1l

Perspective Drawing made easy by Photography. L.J. Wheeler

SectTion 2. Optical Devices and Techniques

Laboratory Optical Benches and Stands. M. J. Moore

Graphical Construction for a Refracted Ray. A. Bloch

Chart for Ray Tracing through Prism Systems. A. Bloch

Automatic Ray Plotter. F. N. Scaife . . ‘ .

An Optical Device facilitating Accurate Almement R. H. Brockman

Alining an Eyepiece, Zone Plate or Lens, and Source of Light
R. O. Davies and C. M. Focken

An Optical Method of Setting Two Opposed dnd Opaque Mu rors Pdrallel
D. S. Perfect . .

The Measurement of Small Errors in 90 Prlsms R. M. Sillirro

Testing Polished or Fine Ground Surfaces for Flatness. 4. Elliorr .

A Minute Light Spot. F. Srafford .

INuminating Device for Use in Experiments wnth Ullra \lolet nghl
J. Grant . . .

General lllummatlon of Photographic Dark -rooms. R. G. Hopkinson

Projection Triplet with Three Plane Surfaces. G. 4. Harle

An ‘All-liquid’” Direct Vision Prism. B. K. Johnson

A Robust and Inexpensive Microphotometer. S. C. Baker

Low Voltage Source of Ultra-violet Continuum. H. J. Rorhfels

1X

Page
v

Vil

La b ==

-



26.

28.
29.

30.
1.
32,
3.
4.

37.
8.
39.

40,

41.
42,

43.
44.
45.

o

CONTENTS

SecTiON 3.—Devices for Liquids and Gases

Liquid Metering System for Small Rates of Flow. S. Hill

Versatile Flowmeter for Small Rates of Flow easily adaptable to Record-
ing and Automatic Controlling. /. Dostrovsky and D. R. Llewellyn

Flowmeter for Measuring Small Liquid Flows. W. L. Dennis .

Automatic Apparatus for Continuous Collection of Liquid Samples
R. C. Brimley and A. Snow

Falling Sphere Viscometer for Use wnh Opaque anmds A. M Tlmmpmn

Autographic Couette Viscometer. R. H. K. Thomson and A. Jehnston.

Constant-level Device for Liquid Air. G. F. H. Box and M. S. Walker

Device for Stopping Bubbling in Liquefied Gases. H. Preston-Thomas

One-point or ‘Full’ Level Indicator for use with Low Boiling-point
Liquids. G. O. Jones and C. A. Swenson .

SecTioN 4. Heat, Thermemetry and Furnaces

Increasing the Speed of Response of Radiation Thermopiles. 4. V. Hill

High  Speed Thermecouple Temperature-recording  Equirment.
E. J. Leaton .

Care of Liquid-in-glass Thermometers J. G Durham

Storage and Transit Cases for Thermometers. J. 4. Hall and R. R. Snamz'

Construction of lLaboratory Electric Furnaces and available Materials,
L. Walden

Attachment to Minimize the Eﬁects of Thermal Lag in Fumace Control
K. Hoselit:.

High-frequency Induction Furnacc G J. Anvhmm .

Mechanism for Controlling Several Furnaces Independently wxlh one
Temperature Regulator. H. H. Macey

A Simple Constant Temperature Bath, A, V', Hill

Controlling Rate-of-change of Temperature. P. H. Bigg and F. D. lones

A Simply Constructed Vortex Tube for producmg Hot and Cold Air
Streams. M. P. Blaber .

SectioN 5. Laboratory and Workshop Tools, Processes and Devices

The Design of Drills. 4. S. Newman and R. S. Clay

A High Speed Miniature Drill, M. P. Blaber . .

The Design of Small Milling Cutters and other Mauers A. 5. Newman
and R. S. Clay .

Machining of Plastics. W. G. Wea: mourh .

Device for Holding Round Material. E. B. Moss and.l G. Beam'

Improved Saw for Hard Materials. H. F. Atkinson

Clamp of Kinematic Design Allowing Rotations about Three Inter sectmg
Axes, A. H, S. Holbourn . . .

Adjustable Lamp-holder of Kmematlc Desxgn H. McG. Ross

Bright Annealing Nickel and other Metals, M. Baliki

Protection of Bright Tools against Rust. O. Kantorowicz.

Aural Surface Comparator. S. M. Cox -

S A S

65

67
69
73

74

85
87

89
94
94

98

102
107

107
16
123
123

124
127
129
130
131



CONTENTS xi

Page
57. Hard-soldering Greasy Articles. G. W. Smith . . . . 133
58. Rapid Method of Making Uniform Fine Holes in Metal J, E. Caffvn . 133
59. Small Glass Spray Gun. R. E. Aitchison . . . . . . 134
60. Instrument Suspensions. L. Walden . . . . . . . 135
61. Laboratory Production of Nernst Filaments. C. W. Murday . . 151
62. Simple Universal Jig for the Construction of Crystal Models.
C. A. Haywood . . 153
63. Recent Developments in Represemmg Moleculal Suucturcs by Modcls
Nora Wooster, J. C. McGowan and W. T. Moore . . . . 159
64. A Simple Vernier, G, F. New . . . . . . 161
65. Transparent Clips on Meter Scales. L Elson . . . . . 161
66. A simple Glass Cutting Tool, A. J. Ansley . . . 161
67, Simple Mcthod of Cutting Wide Hard Glass Tubing. .S TolansA y . 162
68. Thin Glass Counter Windows. J. T. Lloyvd . . . . . . 163
69. Thin Windows of Silica. P. C. Thonemann . . . . . . 164
70. Gasket for Mica Windows. E.J. Harris . . . . . . 165
71. Twin Cursors and Viewing Hoods for 3} in. Flat-screen Cathodc-ray
Tubes. A. M. Hardie . . 166
72. Apparatus for Sampling the Gases of Sealed Tms C. H F. Fuller . le7

73. Control of Humidity by Saturated Salt Solutions. Fionnuala E. M. O’ Brien 168

SECTION 6. Vacuum and Pressure Techniques and Devices

74. Glass-to-Metal Seal Design. W. J. Scott . . . . . . 176
75. New Type of Gas-circulating Pump. P. R. Marshall . . . 199
76. Circulating Pump for Gases. J. Gibson, J. Heron, and G. A. Nclwl.mn . 201
77. A Simple Perfusion Pump. S. P. Steward . . . 202
78. Measurement of Pumping Speeds. R. Wirty and./ Grmdley . . 204
79. Diffusion Pump Protection Switch. A4.J. Croft . . 205
80. Vacuum Protection System for Cil Diffusion Pumps and Thermlomc

Filaments. H. I. §. Aliwood . . . 206
81. Leak Protection Circuit for Vacuum Systems 1. A. D, Lewis and

P. Chippindale . . . . . . . 210
82. Audible Vacuum-leak Indlcator J. T Llo,nl . . . . . 214
$3. Universal Coupling for Use in Vacuum Systems. R. 1. Garrod and

K. A. Gross . . . . 216
84. lonization Gauge Pressure Swnch C. J M:I’ner and I M Wart . .29
8S. Insulated Power Lead-in for Vacuum Systems. M. J. Meore. . .o 221
86. Gas Inlet Leak for Mass Spectrometry. E.J. Harris . . . 222
£7. Multiple High-vacuum Valve Unit. R. I. Garrod and R. A. Co) le . 223
%R. Low-impedance High-vacuum Valve. R. I. Garrod . . . . 226
89. Electro-pneumatic Yacuum Valve. G. W. Green . 229
90. Fine-adjustment Needle-valve suitable as Controlled Leak for X-ray Gas

Tubes. T. C. Alcock, H. S. Peiser and J. S. Pont . . . . 230
91. Electrically Operated Air-inlet Valve. A.J. Croft . . . . 232
92, All-metal Pin Valve. J. S. Pedder and S. Barratt . . . . . 232
$3. Large Capacity Metal Stopcock. J. Bannon . . . . . 233

94, Pressure Divider. L. Cohen . . . . . . . 235



9s.
96.

-

98.
99.
100.

101.
102.
103.
104,

106.
107.
108.

109.
110.

111.
112,
113.
114,
5.
116.

117.
118.
119.
120.
121.
122.
123.

124.

CONTENTS

Page
Section 7. Electrical Devices and Ancillary Equipment and Technigues
Common Tags for Electronic Circuit Assemblies. 7. G. Hammerton . 237
Connecting Many Wires to One Terminal. H. Hartridge . 23R8
Two Simple Methods of Detecting Short-circuited Turns in Coxls
E. B. Brown . . . . . . 238
Simple Electronic Relay. F A P. Maggs . . . . . 241
Heavy-current Vacuum Relay. A. H. Willoughby . 243
Change-over Relay Operated by Pulses of One Polarity Only H. Rumon
Hindley . . . . . . . . 244
Wave-guide Coupler G. As}xdown . . . . . . . 246
1solating Circuit for Bridge Amplifiers. W. A. Prowse . . . 247
Voltage Stabilizer for Photometer Lamps. R.J. Hercock . . 248
Simple Crystal-controlled Harmonic Generator. R. Ter leclu and
J. W. Whitehead . . . . . . . . . . 250

Improved Stimulator for Use in Elementary Physiology Classes.

1. C. Whitfield . 251
The Construction of Micro- galvanometer Systems A. C Dawmng . 255
Clamp for a Sensitive Moving-magnet Galvanometer. A. C. Downing 257
The Use of Silicones for the Viscous Damping of Galvanometer Mount-

ings. V. H. Artree . .25
Galvanometer Amplifying Svstem of Great Sensmwty D. C GaII . 260
Preparation and Maintenance of Electrodes in a Hydrogen Atmosphere.

J. O'M. Bockris and B. E. Conway . . . . . . 262
An Improved Magnetometer. W. SucAsmnh . . . . . 264
Checking Electrically Maintained Tuning Forks. H. W. Baxter . 265
Wide-range Variable Capacitor. G. W. Bowdler . . . . 266
Geiger Tube for Liquid Radio-activity Measurements. E. J. Harris . 270
Timing Unit for Use with Geiger-Muller Counters. S.J. Wyard 27
Simple Arrangement of High Resolving Power for the Detection of Co-

incidences and Anti-coincidences. E. F. Pocza, and P. S. Farago 273
Multiple y-ray Counter of Twenty Sections. R. W. Pr ingle . 274
Simple Scaler with Adjustable Scaling Factor. D. Walker . . . 276
Preparation of Thin Specimen Tubes. A. R. Ubbelohde o278
Recording Cathode-ray Traces. A. V. Hill . . . . .29
Recording Cathode-ray Traces. F. M. Bruce . . . .27

Parallax-free Graticule for Cathode-ray Osc1lloscopes 0. Kantorowicz 280
Electrical Recording Device for Counting Objects Simultaneously in

Groups and Individually. I. Mackay . 281
Simple Method for Recording Changes of Radio- actlvny G P. Bwn and

E.J. Harris . . . . . . 283
Plates I-V1I1I . . . . . . Between pages 284 aﬁd 285

Index . . . . . . . . . . . . 285



SECTION 1. GRAPHS AND DRAWINGS

1. Determination of Turning Values by Means
of Logarithmic Graphs

By R. S. SiLver, M.A., D.Sc,, Ph.D.

J. Sci. Instrum., 20, p. 76 (1943)

In order to present data covering a wide range, it is frequently
necessary to plot the logarithm of one variable against that of the other,
rather than the variables themselves. Such graphs have a useful property
to which attention may be drawn. :

Consider the function of f= uv", where u is a function of v. Then f
is a maximum or minimum when wv”® has turning values. At any such

point log # + n log v has a turning value.

Differentiating with respect to log v as variable and equating to zero,
we obtain N
dflogu]
d [log v]
Hence if log u is plotted against log v, the values of v and v for which
the product uv is a maximum or minimum are given by the point at
which the slope of the curve is —a,
The theorem is true whether # is positive or negative, and obviously
includes the important cases of uv and u/v. It is self-evident when n = 0.

—n as the condition for turning values,

The method is of value in practical work in two respects. First the
calculations required to draw the log-log graph are very often easier and
less numerous for cumbrous expressions than those needed to graph the
function or solve the equation of the direct derivative to zero. The log-log
graph can be used to represent the variables, and the turning values
immediately spotted by laying a straight edge to the required slope.
Secondly it may be helpful in interpretation of experimental results to -
consider turning values of simple products or quotients. If the experi-
mental results are represented in a log-log graph such values can be
obtained directly using the above proposition.

1




2 A USEFUL METHOD OF GRAPH PLOTTING

2. A Useful Method of Graph Plotting
By M. O°C. HORGAN, M.Sc., M.LE.E.
J. Sci. Instrum., 12, p. 122 (1935)

To illustrate this method of graph plotiing we may consider a series
of calibration curves for a valve-voltmeter having a number of voltage
ranges, on which the actual scale is divided into arbitrary divisions, and

Valve volimeter
Type 2, No. 3

Voltages

Galvanometer reading

) S S S N S | b IS S |

Fig. 1.—A useful method of graph

plotting.

1
0 10 26 30 40 50 60.70 80 50 00

readings have to be converted to
voltages by reference to the cali-
bration chart. The actual volt-
meter has five ranges requiring
five calibration curves. In the
normal way these curves are of
similar shape, and when plotted
on one sheet to the same axes
with the most suitable scales from
the point of "view of accurate
reading they overlap and cross
one another, making conversions
between scale readings and volt-
ages very difficult and slow and
causing a real possibility of error.

It was to overcome the need
for five separate calibration sheets
that the method of plotting was
first developed.

The axis common to all curves
(in this case the meter scale-read-
ing)istaken as a base forall graphs.
The ordinate scalesare then drawn
asshownin Fig. 1, firstly along the
ordinate graph lines and then asa
diagonal line to fit the general -

slope of the curves themselves. [n the present case it has been possible to
have all five *‘axes™ 4t the same slope and equally spaced, which con-
siderably improves the symmetry and appearance of the calibration. In the
actualchart, the axes are all drawn in thick black lines, whereas the curves
themselves are thin red ones, thereby adding greatly to the ease of reading.




MEASUREMENT OF SLOPES OF CURVES 3

The method of using the curves is the same as in the case where the
scale lines are at right angles. Thus to evaluate a reading of 50 on the
5V range, a line is drawn parallel to the X-axis through the point on the
SV range calibration curve, to meet the sloping ordinate scale at 2.77V.

The minor initial difficulty in evaluating readings on a sloping axis is
soon overcome after a little use, and the benefit accruing from having the
scale always in close proximity of the curve is then fully appreciated. Itis,
of course, equally feasible to draw separate sloping X-axes for each curve
parallel to the corresponding Y-axes, thereby bringing both axes close to
the graph line itself. In cases where the base scale is not common to all
curves this would be a distinct advantage, but in the particular example
considered here it is found to be easier to read the calibration with one

axis drawn in the direction of the normal graph paper lines.

3. Linear Scale for the Direct Measurement of
Slopes of Curves

By L. V. CHILTON, M.A,, F.Inst.P.
J. Sci. Instrum., 12, p. 199 (1935)

The construction of this scale and its mode of use are shown simply in
Fig. 2. On a rectangle of stout celluloid 4BDC are engraved a line EF
parallel to the edge AB and a
a line GH perpendicular to EF
and intefsecting it at P. Uni-
form scales GB, G'B’, etc. are
engraved . along the edge AB
and along parallel lines A'B’,
etc., the units of graduation in
each case being the perpen-
dicular distance PG, PG', etc.,
of the line from the point P,
and the zeros of the scales
lyingon the line GH.” =

The scale is applied to a
curve (assumed to bedrawn on
squared paper) with the point
P coincident with the point
at which the slope is to be
measured and the line EF

. Fic. 2.—A linear scale for the direct measure-
taﬂgeﬁtlal to the curve at mant of S]opgs Of curves




4 THE SLOPE OF A GRAPHED FUNCTION

this point. The slope of the curve at this point is then given by the
reading S (or S’, etc.) of the scale GB(or G'B’, etc.) at which the ordinate
line through P intersects these scales (slope at P=0-85 in the example
shown). It is evident that the slope of the curve at P=tanf=tan
LGPS=GS/PG=G'S'|PG’ =etc.

The additional scales G'B’, etc. are useful in the reading of high slope
values where the point § may be outside the graph paper. In measuring
slopes of curves at points near the upper margin of the graph paper,
when all the points S, S’, etc. may lie outside the paper, the whole scale
may be inverted and the intersections S, S’, etc. noted on carrying the eye
down the ordinate line through P. The scale as described is arranged for
reading positive slopes; negative slopes could be provided for by con-
tinuing the scales GB, etc. in the negative direction (i.e. to the left of GH)
or more compactly, by the use of subsidiary parallel scales engraved at
appropriate depths betow the line EF, "All lines and figures (reversed) are
engraved on the under surface of the celluloid, to provide perfect register
with the plane of the graph paper and so avoid parallax errors. With a
scale 18 x 6 cm., employing a unit of 5 cm. for the scale GB (reading to
slope 3-0) and of 2-5 cm. for the scale G'B’ (reading to slope 6-0), an
accuracy of 1 per cent. is readily attainable over the whole range. It is to
be noted that although slope readings might apparently be read to greater
accuracy at the high slope values, the limiting factor is the accuracy of
adjusting the line EF to tangency, which is probably constant for all slopes.

Should the curve be drawn on plain paper, the scale could be used in
conjunction with a tee-square bearing on the upper or lower edge of a
drawing board upon which the paper was mounted, or with a set-square
registered with the X-axis of the curve. The scale has been found very
useful in work on sensitometric curves for photographic materials and
may well prove of service in other directions, such as the computation of
thermionic valve characteristics.

4. A Simple and Accurate Method of Deriving the
Slope of a Graphed Function

By E. Ramsay WicaN, D.F.H,, B.Sc.(E.ng.)
J. Sci. Instrum., 26, p. 162 (1949)

The following method has been developed to obtain the tangents to a
curve accurately and rapidly with no more than a }-} in. diameter
cylindrical rod of Perspex or glass used as a lens.
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The rod is laid roughly tangentially to the curve near to the point P at
which the slope is required. It is then rolled over the paper till the image
of P appears on the axis of the rod. The rod is twisted in the plane of the
paper until the image of the part of the curve near P lies exactly along
the axis of the rod. The magnification of the cylindrical lens ( x 5 or 6)
increases the accuracy with which this can be done. But a further check
is obtatned if a short pencil stroke is made across the curve at P. this,
viewed through the rod, will appear as a line almost exactly normal to the
rod axis, however carelessly the l
stroke is drawn. This line, there- By,
fore, gives a secondary criterion
for setting the slope of the rod: y = rﬁ/
the image of the stroke must ap-
pear to cut the image of the /é <
curve at right angles. The rod
is then located over the tangent
at P, as in Fig. 3.

The slope Ofthe_roq can now FiG. 3.—Locating the rod over the
be measured by rolling it over the tangent at P.
paper until it reaches a position
where two major reference lines (x,x, and y,y)) intersect near one end of
the rod as indicated in Fig. 4. This intersection can be viewed through
the rod and the rod rolled till the image of the intersection lies on_the

b\

yr

A Q//
2 units
x B T\ X1 ] of p

A

ALS
rl\ o5 Ut

Fic. 4.—Measuring the slope of the rod.




6 . A GRAPH OR CHART STYLUS

axis as shown. Other x and y reference lines on the graph-paper appear
as indicated in Fig. 4: those to which the rod is nearest in slope (x axis)
are the thicker and the more obliquely distorted by the lens. The slope
can now be read off directly: in the case illustrated the slopeis 2/7-3, the
derivation of this being obvious from Fig. 4.

5. A Graph or Chart Stylus
By L. G. YOUNG
J. Sci. Instrum., 26, p. 248 (1949)

A graph or chart embodying a series of recorded observations is
rendered neat, legible and more capable of clear reproduction if the
points representing individual readings be clearly indicated. This result
is secured by use of a simple gadget which was made up from common
materials in a small lathe in two hours. It has proved very useful in the
preparation of curves expressing results of spectrographic and absorp-
tiometric analyses.

Fig. 5 indicates the principle and construction of the stylus. A short
pulled-out length of typewriter spring has the light resilience necessary
to operate the plunger, which should be a nice sliding fit in the body.

- 3 in. ———d
0 ]

pd 2

ya r N
= ; 31— 4in.
B 4 ._.L

/ 7/
Turn from 1in.  Drill to clear  Drill to clear

A[F hexagon brass § in. plunger & in. head of plunger 2BA. {in. diameter
knuried

2in ———e
fin. |, g
240 r‘T“'ﬁ in. r—1r|n.ﬂ

Steel

Lin &in & in.
FiG. 5.—Principle and construction of stylus.

In operation the stylus is inked by pressing lightly on a stamp pad
of the appropriate colour. The point is directed over the paper to explore
and find the exact location of the desired marking, and when this is
found the stylus is brought vertical, pressed and twirled. A neat C
results. Between changes of colour the stylus may be cleaned by simply
pressing on blotting paper.
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6. Resistance-watts Computer and Curve Plotter
By A. HETHERINGTON, B.A., and C. J. MILNER, M.A ., Ph.D., F.Inst.P.
J. Sci. Instrum., 26, p. 278 (1949)

For devices such as bolometers for radiation and high-frequency
power measurement, and for the filaments of lamps, valves, and Pirani
gauges, it is often required to obtain graphs of resistance R against watts
dissipation W. Usually the measurements give, directly, pairs of values
of voltage V" and current /. The computation of R=V/I and W=VI is
simple enough, but tedious if often repeated.

Theory. The R-W curve may be directly plotted from the V-/
values, if a double-logarithmic plot is used, in which y =6 +log R and
x=q+log W, relative to Cartesian axes Oxy (see Fig. 6). For, if y’

y /,' and x' are the co-ordinates of
Y © any point (p, x) relative to new
// axes, Ox'y’, rotated by 45°
s (clockwise) with respect to Oxy,
Nt one has
Vs ¥y’ =x sin 45° +y cos 45°,
7/ P or  y'42=x+y
/ /7 =(a+log V+log I)
4 7 +(b+log V-log I)
/ /- =(a+b)+2 log V,
£ —»x and similarly ,
N/ >l W x'y/2=(a-b)+2 log I.
N'\< That is, the point at which (R, W)
\\ is plotted as (y, x) with respect to
\ Oxy is also, as (¥', x'), a plot of
\\ ) (V, I) with respect to Ox'y’,
g provided that the logarithmic
F1G. 6.—Principle of curve-plotting device. scales of ¥ and I have a cycle
length +/2 times that of the R and W scales, and provided that the scale
zeros (log V=0, log I=0) are chosen so as to represent correctly at
Yy =(@+b)/x/2, x'=(a-b)/+/2 thz one point (log R=0, log W=0;
y=b, x=a).

Such a plot, made on quadruple-logarithmic graph paper, with two
sets of perpendicular co-ordinate lines oriented at 45° to each other, has
been already used. However, this practice involv.s the use of specially

log R —>
£




8 RESISTANCE-WATTS COMPUTER AND CURVE PLOTTER

printed paper and the large number of co-ordinate lines in four directions
has been found rather confusing.

Set-square plotting device. The device to be described enables ¥ and
{ to be plotted in relation to the diagonal axes Ox’y’ without these being
printed, thus giving directly on standard double-logarithmic paper a
plot of R against W. A 45° set-square, made from transparent material
(Perspex), is engraved along the edges adjacent to the right-angle with
logarithmic scales, {2 times larger than the graph-paper scales, both
commencing from unity at the 90° corner and increasing towards the
45° corners. These are labelled ‘voltage’ and ‘current” as indicated in Fig. 7.
It is convenient to have one or more lines scribed across the under
surface of the square parallel to the hypotenuse. One of these, as shown,
may be marked to show the cycle-length of the paper with which the
square is to be used.

In using the square, one should choose, for the origin O, a point on
the paper latelled with R and W values which are integral powers of
10, and which also correspond to ¥ and I values which are the integral
powers of 10 next below the smallest values to be plotted. (In the example
shown, the point O is R=100 £, W=10?% W., which corresponds to
V=1V, I=102%A.) The square is laid with its hypotenuse towards the’

1 , =

1072 10 1 10 100 1000
Watts

FiG. 7.—Diagram showing square applied to plot of lamp filament characteristic.

top edge cf the paper and slid, keeping the hypotenuse parallel to the
W axis, so that the I-value to be plotted (reckoned in the units indicated
by the labelling of the chosen origin) is marked, by the origin, on the
scale on the left, labelled ‘current.” The poimt similarly marking the
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V-value of the pair on the ‘voltage’ scale is then plotted on the paper,
where it marks the corresponding R-W point. (Alternatively, with the
hypotenuse facing the bottom of the paper, the V-value is set at the
origin and the /-value is plotted, with the same result.)

The above procedure only serves to plot points in the right- hand
quadrant of the four formed by the diagonals through the origin. If, as in
the example, the origin is chosen near the middle of the left edge of the
paper, this quadrant covers most of the paper. By rotating the square
through -+ 90°, points in the upper and lower quadrants can be reached
but: (a) in both quadrants the ‘current’ scale must be used for V and
vice versa, and (b) in the upper quadrant the reciprocal of the I-value, and
in the lower quadrant the reciprocal of the V-value, must be registered on
the ‘voltage’ or ‘current’ scale respectively. To plot points in the left
quadrant, the reciprocals of both V and 7 must be used, the ‘current” and
the 'voltage’ labels now again being both correct.

The curve shown in Fig. 7 is the resistance-watts relation for a
standard 200V., 150W. tungsten filament lamp plotted in the manner
described. The set-square is indicated diagrammatically as replaced in
position to show the plotting of the pair of values (/=045A., V=65V.).
The points O, N', P correspond functionally to O, N', Pin Fig. 6.

7. Proportional Plotter
By F./Lt. W. M. BIELAK, Dipl.Eng.Chem.,
J. Sci. Instrum., 25, p. 205 (1948)

This instrument, for facilitating the plotting of a curve representing
the ratio between the ordinates of two other curves, is of general applica-
tion but should be of particular interest in connexion with infra-red
spectrography employing a single-beam system,

The principle involved is that of the properties of similar triangles,
and a simple example is illustrated in Fig, 8. An L-shaped frame, the
inner edge (13) of the vertical arm of which is set to coincide with the
ordinates of the curves to be compared, carries a slide (2) moving in a
vertical groove the side of which is graduatzd from 0 to 100. An extension
of the slide carries a marker which moves over a sheet of paper (12) on
which the diagram is to be plotted. The lower arm carries a guide (15)
along which a slider moves, so that a point (1) in it is always over the
base (11) or base produced of the curves (9) and (10) on the shest of
paper (8). Attached at this point (1) are two extensible cords, of which
one (3) is joined to a fixed bracket (5) on the vertical arm over the 100




