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PREFACE

H1s Manual describes the optical experiments done in my

practical class at the Cavendish Laboratory. The students
attending the class vary greatly as regards previous experience
of optical work, and a wide range of experiments is required to
satisfy their needs. One term in each year is now devoted
entirely to Optics instead of to a combination of Electricity
and Optics, and this change has led to some extension of the
course in Optics, for we have now to be prepared to provide
experiments for perhaps 70 students working simultaneously.

Much of Optics depends on purely geometrical principles and
is independent of any particular theory of light. Where the
actual nature of the vibrations is involved, I employ Maxwell’s
electromagnetic theory and use the simple methods due to
Oliver Heaviside. Maxwell’s kindness in showing me some ex-
periments at the Cavendish Laboratory, when I visited it with
my father as a birthday treat nearly 50 years ago, drew me to
the Laboratory, where I have now taught for 37 years. It is
therefore natural that I should use Maxwell’s theory.

Optical measurements depend so closely upon the mathe-
matical treatment of the subject that a good deal of mathematical
work was inevitable. In order to shorten the accounts of the
experiments, the theoretical discussions have, for the most part,
been placed in chapters or in sections by themselves.

The experiments have been tested by use in the practical
class; most of the ‘“Practical examples” are the records of
students’ work. If I have used some of my own measurements,
it is merely because they were at hand and not because any
special accuracy is claimed for them.

The apparatus required for most of the experiments is of a
simple nature and can be modified without loss of efficiency,
provided that the optical parts be of good quality and that the
measuring scales be accurate. The greater part of the apparatus
used in my class has been made by Mr Lincoln and Mr Roff,

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

vi PREFACE

instrument makers at the Laboratory, by my laboratory assistants,
or by myself.

I have authorised Messrs W. G. Pye & Co., of Cambridge, to
supply apparatus made to my designs.

I owe the method of Experiment 46 to the late Prof.
R. B. Clifton, of the Clarendon Laboratory, Oxford.

Towards the preparation of the manuscript, much help has
been given by my wife and also by Messrs G. M. B. Dobson,
W. L. Carter, D. A. Keys, C. F. Sharman and C. Underwood.
I am indebted to my colleague Mr G. Stead for his account of
Experiment 8. The Cambridge Philosophical Society, Messrs
W. G. Pye & Co., and Mr W. Wilson have lent blocks for several
figures. Mr C. G. Tilley, my laboratory assistant, has kindly
made a large number of the drawings. Many others have helped
in other ways; my thanks are due to them all.

Miss J. M. W. Slater, Lecturer in Chemistry and Physics,
Newnham College, assistant demonstrator in my practical class
since 1919, has revised the proofs. Her intimate knowledge of
the experiments, and of the difficulties encountered by students,
has made her generous help of much value. The proofs have also
been read by Mr O. A. Saunders, of Trinity College, and by
Mr C. Underwood, of Peterhouse.

In the preface to the Manual on Experimental Elasticity pub-
lished in 1908, I expressed the hope that an Experimental Optics
would follow in a few months. But months have grown to years.
A decline in strength culminated in 1910 in a severe breakdown
which stopped all work for more than a year, and the preparation
of the Optics for several years. When I recovered in 1915, the
War was raging. On my return from the Royal Aircraft Estab-
lishment to Cambridge in 1919, the demands of the abnormal
number of students prevented me from making a fresh start.
Prof. Sir E. Rutherford came to the rescue and released me
from the duty of teaching in the Long Vacation of 1920 and of
subsequent years; his kindness has given me the opportunity
to prepare the manuscript and to see the book through the
press.

Restoration to health was essential to the completion of the
work. I should be more than ungrateful if I did not confess
that a little book, The Living Touck, in which Miss Dorothy

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

PREFACE vii

Kerin has recorded her own miraculous healing, was used to
teach me that God does mighty works of healing to-day. From
that time I have been given full health and strength. I could
tell of others who have come to know, by happy experience,
that “with His stripes we are healed.”

May this book be for the glory of the great Creator, Who in
the beginning said, “Let there be light.”

G. F. C. SEARLE.

CAVENDISH LABORATORY,
CAMBRIDGE.
4 September, 1925.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

CONTENTS

CHAPTER I
ELEMENTARY LAWS OF OPTICS

§ 1. Introduction. 2. Maxwell’s electromagnetic theory of light. 3. The
electromagnetic vectors. 4. The electromagnetic relations. 5. Plane waves.
Heaviside’s method. 6. Directions of D and B. 7. Directions of £ and H.
8. Relations between £ and H in an isotropic medium. 9. Velocity of propaga-
tion. 10. Periodic wave motion. 11. Periodic plane waves. 12. Rays.
13. Laws of reflexion. 14. Laws of refraction; Snell’s Law. 15. Remarks on
the laws of reflexion and refraction. 16. Refractive index. 17. Dispersion
[Pages 1 to 9]

CHAPTER II

SOME APPLICATIONS OF THE LAWS OF REFLEXION
AND REFRACTION

§ 18. Relations between incident and reflected rays. 19. Image of a point by
reflexion at a plane surface. 20. Relations between incident and refracted
rays. 21. Geometrical image of a point by refraction at a plane surface.
22. Effect of a paralel plate. 23. Total reflexion. 24. Deviation of a ray by
refraction. 25. Deviation of a nearly normal ray. 26. Deviation by a prism
of a ray in a principal plane. 27. Deviation by a prism of small angle of a ray
in a principal plane 28. Deviation of a symmetrical ray in a principal plane.
29. Minimum deviation of a ray in a principal plane. 30. Effect of a prism
on a ray not in a principal plane . . . . . [Pages 10 to 19]

CHAPTER III
EXPERIMENTS WITH PLANE SURFACES

§ 31. Testing of glass plates by telescope.
Experiment 1. Verification of Snell’s law.
§ 32. Method. 33. Practical details. 34. Practical example.
Experiment 2. Determination of refractive index of a liquid by total
reflexion.
§ 35. Introduction. 36. Experimental details. 37. Practical example.
Experiment 3. Determination of refractive index of glass block by micro-
scope.
§ 38. Method. 39. Practical example.
Experiment 4. Determination of refractive index of a liquid by microscope.

§ 40. Geometrical image of a point by refraction at any number of parallel
plane surfaces. 41. Method. 42. Practical example.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

X CONTENTS

Experiment 5. Determination of refractive index of liquid by concave
mirror.

§ 43. Method. 44. Glass mirror silvered at the back. 45. Practical example
[Pages 20 to 36]
CHAPTER 1V

THE SPECTROMETER

§ 46. Introduction. 47. Curvature of image of slit. 48. Focal lines formed by
a prism. 49. Application to spectrometer. 50. Focusing of telescope and
collimator. 51. Auto-collimation method. 52. Schuster’s method. 53. Levelling
the telescope. 54. Levelling the prism. 55. Position of prism on table.
56. Illumination of slit. 57. Use of two verniers.

Experiment 6. Determination of angle and refractive index of a prism by
spectrometer.
§ 58. Apparatus. 59. Determination of angle of prism. 60. Determination of
refractive index of prism. 61. Practical example.

Experiment 7. Determination of angle and refractive index of a prism by
auto-collimating spectrometer.
§ 62. Apparatus. 63. Determination of angle of prism. 64. Determination
of index of prism. 65. Practical example.

Experiment 8. Spectroscopic study of light from vacuum tube.

§ 66. Introduction. 67. The vacuum tube. 68. Optical measurements.
69. Discussion of results. 70. Practical example . . [Pages 37 to 61]

CHAPTER V

EXPERIMENTS WITH PRISMS

§ 71. The goniometer.

Experiment 9. Measurement of angle and index of prism of small angle.
§ 72. Method. 73. Practical example.

Experiment 10. Determination of angle and index of prism of small angle
by aid of liquid of known index.
§ 74. Method. 75. Experimental details. 76. Practical example.

Experiment 11. Determination of angle and index of prism of small angle
by primary and secondary images.
§ 77. Method. 78. Practical example.

Experiment 12. Determination of angle between two nearly perpendicular
mirrors.
§ 79. Method. 80. Practical example.

Experiment 13. Determination of angle of a prism of nearly 90°.
§ 81. Method. 82. Practical example.

Experiment 14. Measurement of angles of nominally right-angled prism.
§ 83. Method. 84. Practical example.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

CONTENTS xi

Experiment 15. The prism refractometer.
§ 85. Theory of refractometer. 86. Measurement of index of a liquid. 87. The
auxiliary prism. 88. Experimental details. 89. Practical example.
Experiment 16. Determination of pyramidal error of prism.
§ 90. Introduction. 91. Method. 92. Practical example.

Experiment 17. Determination of angles of a nearly equilateral prism.
§ 93. Method. 94. Practical example.
Experiment 18. Range finding by prism of constant deviation.

§ 95. Design of prism of constant deviation. 96. Theory of method. 97. Ex-
perimental details. 98. Practical example . . . [Pages 62 to 93]

CHAPTER VI
SPHERICAL MIRRORS

§ 99. Image formed by spherical mirror.

Experiment 19. Measurement of radius and focal length of concave mirror.
§ 100. First method. 101. Second method. 102. Third method. 103. Fourth
method. 104. Practical example.

Experiment 20. Measurement of radius of convex mirror by use of con-
verging lens.
§ 105. Method. 106. Practical example.

Experiment 21. Measurement of focal length of convex mirror.
§ 107. Direct method. 108. Goniometer method. 109. Practical example.

Experiment 22. Determination of radius of spherical surface by revolving
table method.
§ 110. Method. 111. Experimental details. 112. Measurement of radius.
113. Practical example.

Experiment 23. Measurement of radius of mirror by Chalmers’s method.
§ 114. Method. 115. Experimental details. 116. Practical example.

Experiment 24. Determination of focal length of thick mirror.
§ 117. Theory of thick mirror. 118. Gauss’s method. 119. Practical example.
120. Micrometer method. 121. Practical example. 122. Goniometer method.
123. Practical example . . . . . . . [Pages 94 to 116]

CHAPTER VII
THIN LENSES

§ 124. Refraction at a spherical surface. 125. Deviation method. 126. New-
ton’s formula. 127. Thin lens separating two media. 128. The magnification.
129. The elongation. 130. Combination of two thin lenses in contact in air.
131. Power of a lens. 132. Application of principle of least time to find
primary image. 133. Secondary image. 134. Images by once reflected rays.
135. Secondary powers for n thin lenses in contact . [Pages 117 to 130]

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

xii CONTENTS

CHAPTER VIII
EXPERIMENTS WITH THIN LENSES

Experiment 25. Measurement of focal length of converging lens by use of
distant object.

§ 136. Method. 137. Corrections for finite distance and for thickness.
138. Practical example.
Experiment 26. Measurement of focal length of converging lens by use of
plane mirror.
§ 139. First method. 140. Second method. 141. Practical example.
Experiment 27. Measurement of focal length of thin converging lens by
conjugate points.
§ 142. Introduction. 143. First method. 144. Second method. 145. Third
method. 146. Practical example.
Experiment 28. Measurement of focal length of diverging lens.
§ 147. Introduction. 148. Combination of converging with diverging lens.
149. First method. 150. Second method. 151. Practical example.
Experiment 29. Measurement of power of weak lens.
§ 152. First method. 153. Second method. 154. Practical example.

Experiment 30. Test of relation between elongation and magnification.
§ 155. Method. 156. Practical example.

Experiment 31. Measurement of radii of curvature of thin lens by Boys’s
method.
§ 157. Converging lens. 158. Lens of finite thickness. 159. Experimental
details. 160. Diverging lens. 161. Practical example.

Experiment 32. Determination of index of lens by flare spot method.
§ 162. Method. 163. Practical example.

Experiment 33. Flare spots with two lenses.
§ 164. Secondary powers for two thin lenses in contact. 165. Experimental
details. 166. Practical example.

Experiment 34. Test of formula for thin lens separating two media.
§ 167. Method. 168. Practical example.

Experiment 35. Determination of index of a liquid or of a thin lens by
use of liquid of known index.
§ 169. Method for liquid. 170. Correction for thickness of lens. 171. Methods
for thin lens. 172. Practical example.

Experiment 36. Determination of index of lens by immersion in liquid of
known index.

§ 173. Method. 174. Correction for thickness of lens. 175. Practical example
[Pages 131 to 157]

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

CONTENTS xiii

CHAPTER IX
COAXAL OPTICAL SYSTEMS—THICK LENSES

§ 176. Introduction. 177. Approximate treatment of spherical surfaces.
178. Refraction at a spherical surface. 179. Conjugate points. 180. Conjugate
planes. 181. Magnification. 182. Helmholtz’s formula for refraction. 183.
Helmholtz’s formula for reflexion. 184. Four properties of a spherical re-
fracting or reflecting surface. 185. Foci and focal planes of a coaxal system.
186. Principal planes and principal points. 187. Focal lengths. 188. Formula
for conjugate points. 189. Ratio of focal lengths. 190. Newton’s formula.
191. Nodal points. 192. Cardinal points of a coaxal system. 193. Deviation
formula for a system in a single medium. 194. Calculation of the positions of
the cardinal points. 195. Cardinal points of thick lens separating two media.
196. Thick lens surrounded by air. 197. Lens in air with one face plane.
198. Approximate results for a thin lens in air. 199. Cardinal points of a
compound system in air. 200. Telescopic systems. 201. Transverse magni-
fication of a telescope. 202. Magnifying power of a telescope. 203. Longi-
tudinal magnification. 204. Formulae when p, =p, [Pages 1568 to 178]

CHAPTER X
EXPERIMENTS WITH COAXAL SYSTEMS

§ 205. Notes on practical work with lens systems. 206. Measuring rods.
207. The optical bench. 208. Adjustment of thin converging lens. 209. Ad-
justment of plane mirror. 210. Adjustment of lens system. 211. Use of
distance rod. 212. Experiments with system giving virtual image of distant
object.

Experiment 37. Determination of cardinal points by Newton’s method.
§ 213. Method. 214. Practical example.

Experiment 38. Determination of cardinal points by Gauss’s method.
§ 215. Method. 216. System giving virtual image of distant object. 217.
Practical example.

Experiment 39. Determination of focal length by the method of magni-
fication.
§ 218. Introduction. 219. Method. 220. Positions of principal points. 221.
Practical example.

Experiment 40. Determination of focal length by micrometer method.
§ 222. Method. 223. Practical example.

Experiment 41. Direct determination of positions of principal points.
§ 224. Method. 225. Practical example.

Experiment 42. Determination of cardinal points by nodal point method.
§ 226. Introduction. 227. Apparatus. 228. Adjustment of graduated bar.
229. Determination of distance between nodal points. 230. Determination of
focal length. 231. Use of a plane mirror. 232. System giving virtual image
of distant object. 233. Practical examples.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

xiv CONTENTS

Experiment 43. Measurement of focal lengths by goniometer.
§ 234. Introduction. 235. Experimental details. 236. Application to micro-
scope objective. 237. System giving virtual image of distant object. 238.
Practical examples.

Experiment 44. Determination of the optical constants of a model eye.
§ 239. Introduction. 240. Method of magnification. 241. Newton’s method.
242. Goniometer method. 243. Revolving table method. 244. Practical
example.

Experiment 45. Determination of radii of curvature of a lens.
§ 245. Method. 246. Practical example.

Experiment 46. Determination of cardinal points of lens by Bravais points.
§ 247. Theory. 248. Simple method. 249. Micrometer method.  250. Auxiliary
lens method. 251. Practical example.

Experiment 47. Anharmonic property of lens system.
§ 252. Anharmonic ratios. 253. Experimental details. 254. Practical example,

Experiment 48. Study of telescopic system.
§ 255. Apparatus. 256. Measurement of transverse magnification. 257.
Measurement of longitudinal magnification. 258. Measurement of magnifying
power. 259. Practical example.

Experiment 49. Determination of effective aperture of stop of photo-
graphic lens.
§ 260. Notation for stops. 261. Stop in front of lens. 262. Stop be-
tween components of lens system. 263. First method. 264. Second method.

265. Third method. 266. A system for la,bora,tory work. 267. Practical
example . . . . . . . . [Pages 179 to 237)

CHAPTER XI
ASTIGMATISM AND FOCAL LINES

§ 268. Non-spherical wave front. 269. Lines of curvature. 270. Focal lines.
271. Circle of least confusion.
Experiment 50. Focal lines formed by concave mirror.
§ 272. Introduction. 273. Observation of focal lines and of circle of least
confusion. 274. Experimental test of formulae. 275. Practical example.
Experiment 51. Focal lines by refraction at plane surface.
§ 276. Introduction. 277. Experimental details. 278. Practical example.
Experiment 52. Measurement of powers of thin astigmatic lens.
§ 279. Introduction. 280. Circle of least confusion. 281. Experimental
details. 282. Practical example.
Experiment 53. Study of astigmatism due to pair of plano-cylindrical
lenses.
§ 283. Introduction. 284. Focal lengths of system. 285. Circle of least con-
fusion. 286. Practical details. 287. Practical example.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

CONTENTS XV

Experiment 54. Focal lines due to sloped lens.
§ 288. Introduction. 289. Method of least time. 290. Practical details.
291. Practical example.

Experiment 55. Curvature of the field.
§ 292. Introduction. 293. Image surfaces. 294. Curvature of image sur-
faces at vertex. 295. Forms of image surfaces. 296. Experimental details.
297. Practical example.

Experiment 56. Curvature of field of lens system and effect of position of
stop.
§ 298. Method. 299. Effect of position of stop. 300. Practical example

[Pages 238 to 273]

CHAPTER XII
INTERFERENCE AND POLARISATION BY REFLEXION

§ 301. Introduction. 302. Boundary conditions. 303. Normal incidence.
304. Oblique incidence. 305. Retardation due to parallel plate. 306. Ratios
of electric forces for normal incidence. 307. Ratios of electric forces for
oblique incidence. 308. Results when p” =u’. 309. Interference due to thin
plate or film. 310. Effect of multiple reflexions.

Experiment 57. Measurement of wave length by Newton’s rings.
§ 311. Introduction. 312. Newton's rings. 313. Experimental details.
314. Special apparatus. 315. Practical example.

Experiment 58. Measurement of refractive index of a liquid by Newton’s
rings.
§ 316. Method. 317. Practical example.

Experiment 59. Measurement of angle between two nearly parallel
plates.
§ 318. Method. 319. Experimental details. 320. Practical example.

Experiment 60. Measurement of thickness of air film by interference
method.
§ 321. Method. 322. Experimental details. 323. Practical example,

Experiment 61. Determination of polarising angle.
§ 324. Introduction. 325. Method. 326. Practical example.
Experiment 62. Resolving power of a telescope.

§ 327. Introduction. 328. The diffraction pattern. 329. Case of two slits.
330. Case of many slits. 331. Experimental details. 332. Practical example.

Experiment 63. Measurement of wave length by interference with two

slits.
§ 333. Introduction. 334. Slits of finite width. 335. Experimental details.
336. Practical example . . . . . . . [Pages 274 to 317]

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-68368-6 - Experimental Optics: A Manual for the Laboratory
G. F. C. Searle

Frontmatter

More information

xvi CONTENTS

CHAPTER XIII
DIFFRACTION GRATING AND ZONE PLATE

§ 337. The plane grating. 338. The axes of a grating. 339. Diffraction by
transmission grating. 340. Minimum deviation. 341. Effect of finite width
of openings. 342. Reflexion grating. 343. Diffraction of rays incident in any
direction.

Experiment 64. Determination of wave length by diffraction grating.
§ 344. Introduction. 345. Adjustment of grating. 346. Method of normal
incidence. 347. Practical example:

Experiment 65. Measurement of wave length by auto-collimating spectro-
meter.
§ 348. Method. 349. Experimental details. 350. Practical example.

Experiment 66. The sloped grating.
§ 351. Introduction. 352. Apparatus. 353. Experimental details. 354. Prac-
tical example.
Experiment 67. Measurement of wave length by grating, using convergent
light.
§ 355. Introduction. 356. Method. 357. Practical example.
Experiment 68. Measurement of wave length by zone plate.
§ 358. Theory of zone plate. 359. Openings of finite width. 360. Construction
of a zone plate. 361. Measurement of zones. 362. Measurement of focal
lengths. 363. Calculation of wave length. 364. Practical example.
Experiment 69. Determination of thickness of film by banded spectrum.
§ 365. Introduction. 366. Banded spectrum. 367. Experimental details.
368. The plates. 369. Further discussion. 370. Practical example.
Experiment 70. Measurement of thickness of air film by circular fringes.

§ 371. Introduction. 372. Apparatus. 373. Circular fringes. 374. Practical
details. 375. Practical example . . . . . [Pages 318 to 357]

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107683686
http://www.cambridge.org
http://www.cambridge.org

	http://www: 
	cambridge: 
	org: 


	9781107683686: 


