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FOREWORD

A literature survey on The Gyroscope and its Applications was compiled by Dr-Ing. Helmut Sorg and published in December
1970 (AGARD:Report-582). In a foreword to the report Professor C.T.Leondes stated that its purposes were to offer
engineers and scientists alisting of books which were reddily available. to broaden the knowledge and to prevent a duplication
of rescarch in the field of gyroscopes. That most useful report is a comprehensive list of ail the books which may be readily
consulted, but it includes nothing from the patent literature nor anything from the vast store of technical papers on the subject
that are to be found in the learned journals of the world.

A complete survey of the whole subject is too large for any one man to tackie successfully.

Int this new report, Mr Frank W.Cousins has worked for fourteen years in the great libraries of London and has produced a
most scholarly work which makes ereat inroads into material. the whole of which wouid take several lifetimes to exhaust.

He thus carries on the work that Dr Sorg initiated with AGARD and reiterates the belief of Professor Leondes. that it will
contribute to the broadening of human knowledge in this difficult, but fascinating subject. The report is in bibliographical form
which implies that it is 2 symbol of a constantly-growing organism in a way more closely allied with thesubject thanany text can
hopetobe.

Eric R Laithwaite

Emeritus Professor of Heavy Electrical Engineering

Imperial College, London
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PREFACE

‘The purpose of this report is to direct the student of the gyroscope and gyroscopic phenomena to that ferra incognita® of
ter# “a literature that resides primarily in the patent literature of Great Brita'n and the United States of America*®,
aug,memed by that which rt:stdss in the technical journals of each of those nations and those of the USS.R. 1 have tried to
review all of the British patént specifications, but I am well aware that there may be some lacunac. i

1 have not béen able 1o extend my researches into a complete examination of the patent spedi' cations of the United States
¢ America, but where I do record them, and provided they have a number higher than No. 2415067 of ¢.1947, thenedach USS.
specification wiu itself provide a review of the related prior art. Hence each U.S. specification is itself a valuable reference to 2
much deeper ficld of eniquiry. It is the same with the learned journals of the %’aﬂd. each paper will carry a useful bibliography
and again the fizld of enquiry is remarkably extended thereby.

T have scen all of the entries T have made and I have given the names of the Journals in full to try to save the coniusion that
surrounds the present poor state of bibliography.

i ! To produce this report has taken fourteen years of research. and  think Iinay bealiowed to draw attention to that part that
1 deals inter alia with gyroscopic gears. The subject has not previously appeared in any text on gear design, and isto be found. as
far as I am aware, solely in the patent literature. 1 offer it here, for the first fime to a wider audience.

Frank W.Cousins
Westminster. 1987.

i

* The tcrmis not too extravagant siace The British Library in London holds in excess of twenty two million patent specifications.

**The h has been primarily in British and American patent specifications and in consequence corresponding foreign patents may
exist. The reader is directed 1o study the problem from Derwent Patent No. Family Index which beganin c.1974.

T R R L

TET

L'objet du présent rapport est dorienter I'étudiant du gyroscope et des phénoménes gyroscopiques vers ceiz “ferra
incognita™ de la litterature technique. Celle-ci se trouvz principalement dans la documentation concernant ies brevels en

wew

4 - Grande Bretagne et aux Ezats Unis** et dans les revues et journaux techniques de chacune de ces nations ainsi que de FURSS.
Y Je me suis imposé comme tache de passer en revue toutes les spécifications de brevets britanniques. mais je suis conscient du
] : me s sé comr p pé q J
- fait qu'il pourrait v avoir des lacuncs.

Jen'ai pas été en mesure d'Slargir Ie domaine de mes recherches afin de présenter une revue exhaustive des spécifications
_ de brevets des Etats-Unis, mais 1 ou {'y fait référence — et pourvu quiil lui scit attribuée un numero superieur au No.2$15067
: du ¢.1947 — chaque spmﬁcaimri US fournira d'elle-méme un aperqu def'émai defan pre-exxsmm. Chaque spécification US
. sert done de référence précicuse 2 unc activité de recherche plus approfondie. Il en est de méme pour Ialitterature savante du
reste du monde. ol chajue communication comporte des 1éférences bibliographiques de valeur, qui serviront aussi 2 élargirle

- champ des recherches de fagon considérable,

Fai examiné peﬁenneliémem 1ous les documents inclus dans mon rapport ¢t Jai ¢ité les noms des différentes revuesen
: toutes lettres, en espérant ainsi éviter la confusion qui caracterise Ia situation actuellc médiocre de la bibliographie dans ce
: domaine.

Le prcscm rapport represente un travail de recherche de quatorze ans. et je pense qu'il me serait permis de signalerla
partic qui traite infer alia des enzrenages gyroscopiques.

Ce sujet ne parait nulle part ailleurs dans les textes concernant ia coneepiion des engrenages, ct i ma connaissance, i west
traité que dans la liticrature des breves. Je Ie propose, pour la premiere fois,  un public plus large.

Frank W.Cousins
Westminster 1987

* Letermen'est pas trop fori puisgue la British Library de Londres contient plus de 22.060.000 spécifications de brevets.

**Nos recherches ont porté principalement sur fes spécifications de brevets britanniques et americains, et par conséquent, il se peuiquil
existe des spécifications éirangéres éguivalentes. Nous attirons I'attention du lecteur sur fe Derwent Potent No. Family Indéx. qui da cde
c.1974.
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Ziegler H.ii (1962) p. 151

3.2 Planetary & Stellar Bodies
3.21 Authors

Born P.(1976)
Duda1.P. (1960)
Elliot J. (1856)

Julian, W.H. (1987)
Kalitzin N. St. (1960)
Novoselov V.5.(1959)
Pickering W.H. (1905)
Pignedoli A. (1945)

33 Atomic and Molecular Structure
331 Authors

Abregam A. Saunders B.G. (1974)

Bloch F.(1946)

Bloch F. Hanszn W.W. Packard M. (1 $46)
Bloch F. Sicgert A. (1940)

Fliigge S.(1956) (1957 (1959) (1961)
Diamond R.M. Stephens F.5. (1984)
Kirchner ¥. (1955)

Kruger F. von (1955)

Stirling G.C. (1978)

Wangsness RK. Bloch F. (1953)

332 U.K. Pateni Specifications

1341865 1373066
1341866 1373967
1344084 1425236
1345848 2027214
1360641
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3.4  Diptera and Strepsiptera

Fraenkel G.(1939)

Fraenkel G: Pringle JW.S. (1938)
Meredith FW. (1519)
Pilugstaedt H. (1912)

Pringle JW.S. i (1948) (1957)
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4, THETOP
4.1 General

411 Authors

Campbell R.W. {1959)

Crabtree H.(1909)

Gould D.-W. (1975)

Gray A.1(1904-1905)

Johnson V.E.iii (1911)
ParsL.A.(19RS5)

Sez The Tir- 26 Feb 1930 p. 15
Walker G.T. (1896)

4.2 Behaviour
4.2.1 Authors

Arkhangel'skaya M. Yu. (1981) (1982)
Beeckman 1. (1604-1634)
Campbell RW. (1959)

Colwell R.C. Fullmer .1 (1938)
Hugenholtz NM, (1952)

Klein CF.{1897)

Markhashov L.}, (1980)
Maxwell Clerk J, (1857)

Morris J. (1950)

Motorina N.N. (1985)

Perry J.(1890) (1919)

Resal A H.(1893)

Samsonov V.A.(1981)

Stamkart FJ.(1854)

43  Types
4.3.1 Authors

Armold V.I. (Lagrange’s Top p. 148-153)
Braams CM. i (1952)

Christy R.W.{1956)

Clerk-Maxwell J. (1857)

Cohen R1.(1977)

Colweill R.C. Fullmer L. iii (1935) (1936)

Dailey H.B. (1900)

Dresden D. (1951)

GM.H.(1892)

Gray J.G. (Blondin Tops) (1934)p. 17

GrayJ.G.ip.413 414ivp. 228 Fig (c. 1912)

Harcourt-Smith C, (1930)

Haringx L.A. (1952)

3J.{:396)

McBain JW. O'Sulfivan CM. (1953)
Neher V.A. (1962)

Schuh F.(1953)

Synge J.L. (1952)

Var, Kampen CEA. (195 1)
VanRhijn G. (1951)

Celts

Astapov LS. (1980)

Bondi H. (1986)

Crabtrec H. (1909)

Karapetian A.V. (1981)

Lindberg RE. & Longman R.W, (1981)
Pascal M. (1983)
Walker J. (1979)
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432 G.B. Patent Specifications
No Entries
43.3 U.S. Patent Specifications

3783550
4200283

44 Serson’s Gyroscopic Sextant and Improvements

4.4.1 Authors

Anon (1905)

Baule A. (1890)

BJ.(1754)

Favé L. (1904)

’ : Fleuriais G.E. (¢ 1886-19CC;

3 GrucyL.J.iv 1888
Heinrich G. voniii (c1951)

de Jonquieres i i (1886)

Roosenburg L. (1909)

ShortJ. (1751)

Swinbume J.1ii (1915)

444 Authors

Anon (1905)
Baule A. (1890)
i BJ.(1754)
: Favé L.(1904)
: Fleuriais G.E. (c 1886-1900)
H Gruey LJ.iv 1888
, Heinrich G. voniii(c1951)
] H de Jonquieresi ii (1886)
i : Roosenburg L. (1909)
1 : Short J.(1751)
4 Swinburne J.ii (1915)

it L

44.3 ULS. Pateni Specifications

705702 1435580 1989826
791983 1666721 2470773
1192532 1857736 2871705
1310862 1984859

4.5 Mathematical Imvestigations into its Behaviour
4.5.1 Authors

Anon(1918)

Arnold V.1, (1978) (sleeping tops and fast tops p. 154-159)
Barnard J.G.ii (1857)
Beeckman 1.(1604-1634)
Braams CM. (1952)iii
Chapman H.W., (1903)
Clifford W.K. (c1880)
Coniensou P. (1962)

Dewar T.1.1ii (1896-1597)
Elfimov V.5.(1974)

Finck M. (1850)

Fokker A.D.(1941)(1952)
Ford G.W, etal (1977)

Galiop E.G.(1904)

Greenhill A.G, & Dewar T.Liii
HT.(1837)

Hugen'oltz N.M. (1952)
IsaevaL.S. (195%)
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Jellet LM, (1872)
Jouffret M. (1874) {
Kane TR, Levinson D.A.

Klein F. (1897) i
Koenigs M. (1891) ]
Markeev AP, (1984)*
Resal AH. (1893)
Routh EJ. (1884)
Smimova E.P. (1975) ’

Smith A. (1839) 1
Sobelev S.L. (1954)

Stefanini L. (1979)

Stewartson K. Ward G.N. (1959)
Swinburnz J. (1915)

Vakhaniia N.N.(1965) A
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4.6  The Top in Relation to Molecular Quantum Mechanics

"

4.6.1 Authors

i

Casimir HB.G. (1931)
Epstein P.S.(1919) )
Kronig R. and Rabi L1 (1927)

Kruger F. von (1916)
Laporte 0.{1933) 3
Planck M. (19:6)

Reiche F.and Rademacher H. (1926-1927)
Vetbrugge F. (1953)

Wang 5.C. (1929}

4.7  VeryHigh Speed Rotors
4.7.1 Auwthors

Beams JLW. (1930) (1933, (1947)

Colwell R.C. Hal! NI (1935){1936)

Girard P. Chukri Ch. (1933)

Herriot EJ.C. & Huguenard E.A. (1927) (1925)
Pickels E.G. Beams 1.W. (1935)

4.7.2 U.K. Patent Specification

250207
4.8  Tippe Top

4.8.1 Authors

Braams CM. i1 (1952)
Colwell R.C. Fullmer L. {1938)
Delcampo AR. (1955}
Dresden D. (1951)

_ Fokker AD.(1952)

<. Haringx J.A.(1952)

Hart J.P. (1959)
Hugenholiz N.M. (19523
Isagva LS. (1959)
Jacobs J.A. (1952)
O'Brien 8.J. Synge JL. (1954)
Parkyn D.G. (1936)
Pliskin W.A. (1954)
Samsonov V.A. (1981) 1
SchuhF, (1953)
SyngeJ.L.(1952)
Van-Kampen CFA.(1951)
Van-Rhijn (1951)
Walker J. (1981}
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482 G.B. Patent Specifications

653172
656540

483 U.S. Patent Specifications
1644182
3332507
2760246

484 Germéa Patent Specifications

811096
889574

4.9  Toys. Tops
4.9.1 Authors
No Entrics

492 G.B. Patent Specifications

1026-1854 15004 11214
806-1858 6359-1887 16572
2820-1861 12058 24143
676-1862 16705 5082-1895
754 7338-1888 11199
3643 11126 12181
1129-1863 11733 12267
119-1866 11955 12286
2765 14190 15609
3308-1868 15194 15796
322-1869 15717
150-1870 16787 19328
1933 17211 19675
3153 18907 20651
3077-1872 3025-1889 24001
229-1873 7018 1044-1896
2832 14202 12265
204-1878 576-1890 12917
3533 4385 19342
2799-1879 4814 22904
5031-1880 9629 1070-1897
50-1881 147413 10426
200 6290-1891 25401
1934 8686 9410-1898
4748-1882 12090 10332
946-1883 13480 11923
1287 13806 15814
3324-1884 15717 16092
5135 2827-1892 22759
5597 4453 2655-1899
13671 4920 14264
r3hy 6687 14770
16432 6818 24211
2752-1885 8139 24639
9890 10491 25327
10471 13868 3028-1900
10944 18997 5998
12597 6329-1893 18966
130649 9283 7899-1901
14669 16246 8020
3207-1886 19222 18490
7717 21457 20170
9978 8142-1894 6632-1902
10941 8488 11261

12695 9096 17654

963-19903
14329
17349
18222
3697-1904
17640
25293
6858
28000
28602
16974-1905
5860-1906
9496
16228
21921
25696
4114-1907
11915
20102
20413
25783
10174-1908
19146
25732
5105-1909
7591

8197
13225
29144
11705-1910
13321
17210
18998
24409
10572-1911
18749
20686
29092
3202-1912
3511
18891
22886
25640
5172-1913
19583
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6404-1914 286625 545662 1008765
2746-1915 290596 586825 1015000
15289-1915 292899 588016 1047915
103381 295542 588285 1054476
106238 301791 590795 1082529
124653 316510 599359 1111799
132470 356875 610235 1123177
136741 371455 611947 1143706
140142 390512 634937 1150817
150621 401170 633103 1181333
155638 404772 653172 1228917
156856 411923 656540 1235153
160944 413525 656951 1240017
173096 416208 666803 1250360
179813 420086 670873 1255715
189941 420931 698082 1256545
190896 429563 702554 1262394
192019 442452 780571 1281045
194714 444352 806488 1310243
201657 447750 861674 1402126
223834 457390 870242 1432854
266208 472000 877184 1570304 1
284936 472387 943314
286577 545511 974588 =
4.9.3  US. Patent Specifications #
76572 999247 1546451 2762162
78745 1011202 1567405 2794644 -
182696 1022236 1571901 2879066
346921 1098895 1575264 2945696
459832 1161552 1579341 3036836
465578 1188488 1587127 3137966
481830 1321589 1595611 3143347 4
514995 1351630 1610530 3287846 ]
607552 1363718 1629326 3330067 ¥
645858 1374243 1687239 3370377
667794 1395261 1699984 3858348 H
680957 1435580 1780547 3863925 3
698286 1451818 2023297 3879887 ]
755446 1452618 2039819 3906660 E
814962 1469151 2145608 3933356
884975 1475975 2311453 3936974 }
897137 1501276 2332507 . 3939601 |
918545 1529263 2493834 3945146 1
919349 1535502 2573916 3959917
925479 1545860 2583805
929669 2639921
4.94 German Patent Specifications
112267 297867 448328 511362
117459 329819 452611 515587
130596 335286 452727 520594
144350 340701 453968 320595
175398 358677 439802 541532
176129 360879 459803 561477
180277 361938 463404 361942
205487 366075 466026 561970
217669 372556 466068 568743
219748 372701 468160 573009
229662 395136 469000 575524
232113 398148 469266 582363
323609 400607 472273 589369
234248 433944 470380 610354
234366 434907 475730 610443
- 257709 -7 436105 485314 612144
268813 441693 493927 T 613285
280768 443788 499501 -
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Musical Tops

101581 596183
283126 1040434
2382136 1040435
364516 1144635
309568 657112
345547 811096
382364 889574
591366 911715
Colour Tops

151183 358180
203784 390262
213915 116057
282330 485415
343911 594779
Water Top

461033

Fistol Firing a Top

433333

437765

448180

551660

589170

Piural Tops

117072 1217250
227768 1265634
339390 DT1478328
382584 1603214
391528 1703160
400876 1728035
435645 1816474
1213323

913275
932174
941774
1014006
1005881
1009079
1035549
1040952

1912512
1931733
1948309
1949852
1957003
1962020
2011999

1074460
1034182
1094171
1104411
1113403
1152048
1180291
1265634

2018444
2020596
2024435
2105688
2129483
DT2361232
DF2532082
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5.1

3.1

321

5.4
55

351

THE DISCOVERY OF THE GYROSCOPE AND RELATED PHENOMENA
General

Aunthors

Bogaert EW. i (1839)
Pearson E.B.{1954)

1. A-L. Leipzig 1863

re. Frisi, Paolo (1728-1784) p.806
re. Laplace, Pierre Simon. Marquis de (1749-18273 p.1375

Wriglev W. Hollister WM. {pages 85-89 re chronologically oldest
Denhard W.G. (1969) gyroscopes and mathematical analysis)
5.2 Bohnenberger JL.G.F. 11 (1765-1831)

Authors

Dailey HLB, (19913 *
Person C.C. (1832}

*This contains a reference to Bohnenberger apparatus driven by static efectricity

522 G.B. Patent Specifications
28418 0f 1910

$.3  Lamaric A H.E.(1806-1875)
331 Authors

for Life of Lamarle see, TILLY. JH. de (1879)

Johnson W.R. (1831) (Rotoscope)
Foucault J.B.L. (1819-1868)

Authgrs

Bamard J.C.iii (1874)

Bertrand J.L.F. (1856)

Emanuelli P. (1925}

Fuchs A. and Katzmayr R. (1910) (sce p1578)
Gruey LJiii (1878)

Guyor E. (1888

Janne H.(1911)

QuetJA. (1832
Sire G.i(1858)
Stoffacs M. {1884}
Villarceux Y. (1855)

}
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6. THE EARLY GYROSCOPE

6.1 General
62  Pliicker'scomribution  Pliicker ). 1801-1868
6.3 Jacobi's contribution Jacobi M.H. 1803-1874

6.4  Magnus contribution Magnus HG. 1802-1870

6.5  Fessel's contribution FesseiF. 1821-c. 1860
66  Kelvin's contribution Kelvin Baron (William Thomson} 1824-1907

6.7 Gilbert's contribution Gilbert L.1 1832-1892

6.8  Sire’s contribution Sire GE. 1826-¢. 1891
6.9  Gruey's contribution GrueyLJ. 1837-c. 1888
6.10  Trouvé's contribution Trouvé G. {c.1890)

6.11  Hopkins contribution Hopkins G.M.  (c.1890)

6.12  Sperry’s contribution Sperry EA. 1860-1930

IR 04 T g s

6.13  Sonya Kovalevsky's contribution —

% 4 c.1875

6.14  Early Patents (Before 1906

¢ 6.2  PlickerJ.

6.2.1 Authors

See. Poggendorff J.C. Handworterbuch. Leipzig. 1863 (M-Z)p475

See Encyclopacdia Britannica Micropaedia 8 (1974) p49

for obituary by CLEBSH. RF.A. Sce Abhendlunger der K Gesellschaft der Wissenschaften zu Gattingen 16 (1871)
See. Isis. Internationai Review devoted to the History of Scicnce 19 (1933) p170

6.3 Jacobi MLH.

P R T

. 6.3.1 Authors

: Pavlov V.A. iii See Finn B.S. re Jacobi Dicticnary of Scientific Biography Scribner (1873} 7 p35
Taylor W.C.(1841)

6.4 Magnus H.G.

6.4.1 Authors

PPN

See. Poggendorff J.C. Handwirterbuch Leipzig (1863) M-Z p14
See. Kauffman G.B. re. Magaus Dictionary of Scientific Biography Scribner (1974) 9 p18

w0 oy

6.5  Fessel F(1821-7)

PP

6.5.1 Authors

£ D

1
See Poggendorff J.C. Handwdrterbuch Leipzig (1863) A-L p.741 1
{1896-7) A-L p.440
Pliicker J. (1853)
Wheatstone C. (1854}

6.6  Lord Kelvin (Thomson W)
6.6.1 Auwthors

See Poggendorff J.C. Handworterbuch (1926) L-Z p.1254
(1940)S-Z p:2655
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See Buchwald 1J. on Thomson W. Scribner’s Dictionary of Scientific Biography 13 (1976) p.374-388
Gray A.1il {1915)
Thomson W iii (1875X1877)
67  Gilbert LP.
6.7.1 Authors
See Poggendorff 1.C. Handwrterbuch (1904) A-L p.498
Bulgakov B.V. v (1960) see p.77 (Gilbert's Barygyroscope)
Greenhill A.G. iii (1913) See p259
68  SireGE.
6.8.7 Authors
Sec Popgendorif J.C. Handwdrierbuch (1897) M-Z p1252
(19033 M-Z p1400
Sire GE.1itiitivv(1826-1891)
69  GrueyLd.
6.9.1 Avthors
Gruey LJ.iiiiii iv v vi (1337-1888)
6.10 TroméG,
6.10.1 Authors
Barral G. (1891)
Durand-Gréville E. Chronique ¢.1890
L Electricien Revue Générale d'Electricité 14 (1890) p844-847
The Electrical Engincer Sept 13 (1890) p232
F.(1890)
TroméG. i1 (1896)
6.11  Hopkins G.M,
6.11.1 Authors
Durant E (1905)
Hopkins GM. {1890)
Peckham W.C. {1905)
6.12 SperryEA.
6.12.1 Authors
Sperry E.A. i fii iv v vi vii vifi ix x xi xii 1910-1913
Hughes T.P.(1971)
Huntsaker 1.C.{1953)
6.13  Kovwalewsky S. (1875)*
6131  Awhors
See Kramer EE.(1973)

Tabor M (1984}
Polubarynova-Kochina P, (1957)

*Alternstive spelling Kovalevskaya
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1869

3 Plersdorff C.

917 Smyth C.P.
1437 Bellford AEL.

1184 Smythies ;.K.

2159 Bosworth 1A,
2676 Garvey B.

806 Gorham J.

2830 Brooman RA.

676 Tothausen F.

754 Beaumont AA.

754 Escalier JA.
2643 Hirsch H.

1129 Gedge WE.
3231 Winans WL,
3231 Winans T.

119 Brooman RA.
2765 Abel CD.

3308 Blanchon FA.

322 Bate H.
3707 Bessemer H.

150 Bussey G.G.

553 Bessemer H.
1559 Bessemer H.
1580 Bessemer H.
1742 Bessemer H.
1933 Bussey G.G.
3155Clews L& F.

3077 FenbyJB.

1076 Bessemer H.
1229Péan LMR.
2832Péan LMR.

3274 Bessemer H.
3552 GrayJM.

3533 WierMA.

2799 Eckhard: T.
3795 Silver T.

5031 Biggs 1.C.

50 Wrigley T.
200Imray 1.
4934 Wier MA.

946 Lake WR.
1287 King A A.

5135 Hall W.H.
6842 Falkner V.
8394 Pins.

8597 Martin G.
13671 Britain V.
15459 Dobson AL
16432 Bishop RH.
16432 ParrE.

2752 Whiteley L.
9890 Newson .
10471 Whittuck WS.
10944 ParrE.
12597 LeechAA.
13049 Cole G.
14669 Duncan W.H.

3207 Heinrich E.
7717 Sambrook 1 H.
9978 Stead 1.
10941 Fischer G.
12695 Pascall 1.
13162 Packard E.
14208 Tower B.
15004 Browent A,

6359 Luniicke GF.
12058 Cole G.
16705 ValdaAH.

i162GrffinE.C.

7338 Jewell F.
11126 Bullin W.C.
11733 Briges OP.
11955 Fischer G.
14190 Jewell F.
14190 Cole G.
15194 HIW. & 1.
15717 Cole G.
15717 Jewell F.
16787 Bennett 1LF.
17211 Dickinzon HY.
18907 DuffJ.
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| 1889 22296 Obry L.
i 1122 Hum E. 19824 Bradley P.B,
i 3025 Joncs AS. 24143 Erhard S.
’ 4117 Packard E.
. 7018 Cole G. 1895
: 14202 Fischer G. 5082 LaneJ.
20220 TowerB. 11199 Murgatroyd W.L
i . 12181 Howard J.B.
’ . 1890 12267 Barus C.
; 1031 Peichl J van 12286 Waters R.B.
: 576 Gill C.E. 15609 Bishop HR.
; 4385 Oakley F. 15796 Wier MA.
4814 Auras G, 19328 Boyum J.
4814 Wilke P. 19675 Brockman L.
7407 Huntingion F.A. 20651 Cyngeli CE.
1 ' 9629 Pilkington R. 24001 Avery W.
. 9809 Lake H.H. 24001 Venables J.
3 14713 Hom W.W,
E 19886 Maxim H.S. 1896
E 1044 Weir MA.
1891 12265 Hawkings W.H.
6290 Saunders T. 12917 Gregory E.
8686 Caimns S. 19342 Thompson W.P.
9437 Peichl ) van 22904 RaynerE 8.
9 12090 Brown J.L.
13480 Crosby G.G. 1897
3 13480 Knight H. 1070 Lehmann E.P.
F 13806 Quine R.H. 10426 Herbert A.G
18717 Andrews J. 10426 Baker F.R.
20228 Noble P.C. 12169 Jones A.E
18036 Lusty F.
1892 25401 Haddan R.
2827 Lehmann E.P, 23683 Kasclowsky E.
4453 Gozzard A.
4920 Dencéde AV. 1898
b 6687 Pilkington R. 9410 Faber A.C,
E 6818 Gray J. 10332 Croft 1P,
. 8139 Imray O. 10332 Coomber G.
L 10491 Hall E. 11923 Edwards E.
1 13868 Hall E. 15814 Risbrough EW.
18997 Parsons LF. 16092 Theiss W.
16092 Nagel A.
F 1893 20666 Whitehead J.
3 6329 Green A.G. 22759 Collins J.
1 9283 Adam C. 23737 Tower B.
8500 Atkinson E.H.
16246 Heinrich E. 1899
16246 Houfer H. 2655 Thompson W.P,
19222 Humphrics A. 3587 Overklift ] van
18133 Justice PM.=* 14264 Boult AJ.
21457 Shackleford 1.H. 14770 Wallace J.
21457 Brown HE. 24211 Gustine FJ.
3 24211 Walshe B.T.
1894 24639 *Thompson W.P,
3 8142 Cave JA. 25327 Potect AE.
8488 Crarke J, 25327 Lobb LW,
9096 Coffin HR.T.
. 1121« ‘Thomson W.P.
16572 Barnes S. Note many of these carly paters are o various Kinds of top.
1

* Similar to Bohnenberger's originel device.

**Similar to Serson’s famous gyroscope sextant. Sec also GB. Patent < ecification 3785 of 1907.
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7. THEFREE GYROSCOPE

7.1  Thefree Gyroscope
{Free motion of the Gyroscope)

7Ll Authors

Okuner B.N. (1951)

Pel’por D.8.(1958)

Zhuravlev V.F. (1973;

Wrigley W Hollister WM. Denard W.G. (1969) p.264 re Limited ‘Free’
Gyro.

712 See G.B. Patent Specifications

581891

892453 page 2 lines 3-14
1213407

1284195

1399607

713 See U.S. Patent Specifications

2934960
3077785
3142183
3226984
3260122
3354726
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GYROSCOPIC PENDULUM

8.1  Gyroscopic Pendulum
(Pendulous gyroscopic sysiems)

8.1.i Authors

Andreev V.D.1{1965)
Arnold RN, & Maunder L. i p306 (1961) p339 p129
Bocharov AF. etal (1985)
Bodewadt U.T. {1940)
; Bulgakov B.V., i (1946)
H Bulgakov B.V. iv v 1939/1960 {pages 11.21.47.88.200)
i Chelnokov Yu. N. (1983)
Corset M (1973)
D.G.S. (1839)
Gray J.G.v 1934
Gruey L. ii (1878)
Gruey LJ. v(1879)
Firdlender G.O. and Kozlov M S. (1961)
Ishlinskii A.Tu.i.iv, v. (1956, 1957. 1957.)
Ishlinskii A Yu etal (1985)
Karpachev. Yu. A & Korenevskii D.G. (1979)
- . Klimov D.M. iv {(1964)
3 Kolmanovskii V.B. (1976) (sec example 2. p736)
. Kondorskii 1.D. {1970)
E Koshliakov V.N, viii (1975)
f ‘ Kukhlento A1 (1971) p267
| Kuznetsov V.M. etal (1985)
: Merritt E. (1897)
Savet P.H. (1961)
i *Schuler M. ii (1923) p84
) *See UK. Patent Specifications

M . 108677
b 221200

Sec U.S. Patent Specifications

1480637
1735058

Tkacher LI (1949)

Trayner B.T.(1977)

Vol'fson G.B, Rivkin $.8, Til. A.V. (1973)
Wrigley W. ctal (1969) (p119-126) (p210-229)

812 G.B. Patent Specifications

11864 0f 1913 220726 615734
23001 of 1913 229403 640562
8760 0f 1915 275649 664515
%, 113659 291047 707446
125090 382343 752828
126395 371235 808447
133067 398311 911842

Pendulums damped by gyroscopic action

4131-1912 131979
2204-1913 243316
$760-1915 641360

) 10255-1915

! 105753

945302

1428908
2036311
2056062
2111202
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813 U.S. Parent Specifications

1480637 3011350
; 1651845 3162052
1

[T p—

1735058 3172213
88099 3229376

7 4266431 :
1940387 4648284
2432430 :

See German Offenlegungsschrift 1941808

e A~ *‘”'W‘“W“-W’

L T

A\
oy
il




9: THE DIRECTIONAL GYROSCOPE

9.1

qLi Authiors

Firdlender G.0. and Kozlov M.S. (1963)

Grammel R. (1950) Vol 2 p189
Leqiioc S. ctal (1973)
Riethmiiller H. (1978)

9.1.2 G.B. Patent Specifications

411921 71895
434364 475321
437791 477012
453238 479243
453259 479279
463332 495431
463396 567407
9.1.3 U.S. Patent Specifications

See. 3559493
1096253
2315216
3321980
2451230
4483207
4558604

Directional gyroscopes —

Erecting rorques applied by ball, globuies and like solid and liquic masses

moving under gravity,

6345896 921562
802340 924744
808075 1297429
829169

831336

Directional gyroscopes —

Erecting tcrques applied by eddy currents

359071
740796

Directional gyroscopes —
Erecting torques applied by eleciric morors

595990 777021
601656 802340
623356 808075
645896 829169
654658 921562
680944 924744
729672 935976
751018 964763
Directional gyroscopes —

Erecting 1orque applied by magnetic effects

549572
566887
630657
713357
740796
1629012

518846
525698
549572
550769
365246
568692
576524

997469

1019343
1630706
1058291
1095131
1111676
1126463
1225674

579991
599248
601964
790019
1513770

1278894
1297429
1484793
1491953
1497065
1513770
1579920
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Directional gyroscopes =
“Erecting torques upplied by unclassified means

1010343
1058780
1207660
1225074

Directional gyroscopes — :
Unclassified features of

25082-1912 422116 839024 1379642
: 129724 497584 862065 1428908
{ : 132839 499861 1055334 1486189
173541 559895 1083157 1513770
: ‘ 213791 582329 1111676 1579920
303245 654658 1278794 2002116
303817 681926 1330550 2107460
333874
2 Directional gyroscopes —
With means for re-setting gyroscope (other then scale only)
1 ’ 129724 471835 777021
419816 477012 886728
434364 479243 1111676
464263 497584 1456883
E 471217 521160
E
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10.  GYRO VERTICAL GYRO HORIZON

10.1  Function and Basic Arrangement

10.1.1 Authors

Arnold RN. Maunder L. (1961) Chapter 12 P. 306-343

Bulgakov B.V. and Roitenberg Ya N. (1948)

Burdakov S F. (1971)

Firdlender “3.0. and Kozlov M.S. (1963)
Kliger L1 Parusnikov N.A. (1966) (see pages 122-125,210-229)

Hector F. (1968)

Monaco $J. et al (1978) (niote gyroless systems)

PinclisR.G. (1970)
Rivkin 5.5. Tyumeneva G.VI(1974)
Roitenberg E. Ya. ii (1946)

Wrigley W. Hollister WM:Deahard W.G. (1969)

10.2  Errors
10.2.1 Authors

Boichuk OF. iii (1962)
Chelpanov LB. ii (1962)

10.3  G.B. Patent Specifications dirccted to the gyro vertical in general

18133011893 417185
4891 0f 1914 421079
33180i 1915 435353
132800f 1915 4335355
14032011915 437861
108677 441130
123438 441439
127703 462826
128345 463332
129727 464193
130143 470311
130697 473148
133714 474629
141477 486315
147062 492184
151154 492670
161595 492707
173839 501945
177772 502402
186653 504726
193397 512355
221006 517587
221200 522207
239043 325876
261117 528569
274268 530549
274980 534870
281694 535160
291047 537137
315966 538547
316380 542565
322098 542963
344239 545284
345127 545694
361836 546504
364625 548190
379134 548376
390410 549572
393693 5351079
401039 551245
415277 552554
416813 553344

St

555177
556264
558276
558684
565599
570242
573251
573710
573743
575164
575281
577209
579822
580248
581750
582301
583068
584147
590682
591400
592500
593963
598470
599607
599665
601447
603427
603711
605058
605955
607349
607353
608752
608851
610554
612507
612608
615734
617055
619939
619945
619960

620149
621018
623078
623080
624408
624564
625288
626634
626635
629363
633940
633954
636545
637993
639803
650562
640632
6341360
643613
643749
645332
648492
651261
635536
655823
656889
666330
660208
664065
666432
666615
668310
671411
675048
675860
678242
678768
582528
683777
686862
698295
701385
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707660
712888
716779
717349
720220
724428
726627
726849
726890
729518
729946
731737
733024
734148
737236
740681
741773
741960
745186
747621
751018
751148
752828
753258

—mrar

s EA

760251*

10.4  U.S. Patent Specifications directed to the gyro vertical in gencral

2378858
2411087
2492992
2505021
2515200

10.5  G.B. Patent Specifications directed to Erectors for the Gyro Vertical

130697
132944
166800
441130
441439
450724
492670
492707
517587
538574
555321
559979
560478
564484
573061
573743
573772
576524
580248
583902

10.6  G.B.Patent Specifications directed to Inclinometers

134234
136168
140482
145460
145465
160316

763750

-772005

777021
776845
777698
777818*
784473
790019
790031
791556
798107
801550
805947
808447
821416
821417
824101
826418
834724
835650
842901
843446
854506
856685
860171
863456

2595268
2786357
2893248
2919586
2945381

588537
591626
591768
593733
597282
601444
601656
602235
603158
604224
604734
606595
611004
619945
619960
620149
623356
633954
636123
649276

246741
309150
309546
341519
351672
392163

* {A teaching dissertation with mathematics!)

863457
863458
871147
876865
878891
882321*
911842
917168
942060
944828
945302
960818
990701
990740
996283
1009506
1034135
1040004
1042940
1049794
1065624
1108293
1108614
1126463
1126611
1134273

2999390
3077787
3272017
3285077
3466935

660208
661816
671861
678768
682528
686862
706494
718124+
734148
737534
755326
756504
761521
794508+
798336
802340
808075
811036+
814919
829169

393695
426185
442911
445586
463114
471093

1157966
1162305
1162318
1166692
1172441
1197253
1207336
1231069
1244549
1247785
1270567
1284700
1297429
1301781
1346558
1411201
1477603
1506180
1513770
1536316
1536344
2023817
2031149
2066952
2155632

3604275
4158312
4197655
4088031
4297905

831336
842089+
844535+
847964
852591
892050+
896378
911871
919386+
930317
964763
1042940
1108614
1126463
1137523+
1162318
1243236
1398905
1398906
1405275

471895
473688
475097
485043
485044
487952

.
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489232 561018 655138 826804
499861 : T = 596666 666432 882795
: 510524 601971 670002 919386

i . 511742 609475 726627 1111456
i 515176 . 610855 758733 1173564
: : 532960+ - 625415 769247

544786 .633942 177698

553730 - 641137 785399

10.7 GB.Patent Speéiﬁgitibns directed to Deviation Indicator Attitude Reference

411921 1224825
893313 1288290
1132851 1297429
1134273 1301781

' 1195487 1323864

10.8  G.B. Patent Specifications directed to Gyro Verticals — erecting torques applied by air and other fluid jets

145460 511742 556262 602235
. 166906 512355 559979 606595
1 220726 517587 564484 607353
242093 522384 573061 611004
365188 547208 581891 661816
393354 549042 583902 733058
426185 549944 588537 1277680
483370 551073 591768 1283819
490724 555177 599607

10.9  G.B. Patent SpeciFications directed to Gyro Verticals erecting torques applied by auxiliary gyroscopes

581891
619960
656889
b 1204763

i0.10 G.B. Patent Specifications directed to Gyro Verticals erecting torques applied by balls, globules, and like solid and
liquid masses moving under gravity

14032-1915 555321 620149 718124
125690 564484 623356 7206200
130697 573743 633954 726849
132944 573772 645408 726890
161595 581981 649276 731737
166800 584147 655523 737334
173839 591020 657668 751403
401039 592500 657670 753326
441439 601444 660203 756504
532900 603158 661816 761521
534870 604224 675048 777818
535160 - 605455 675860 794508
542963 608851 683777 798336
545190 619945 698295 798485

10.11 G.B. Patent Specifications directed to Gyro Verticals — erecting torques applied by eddy currents

402890 636123
441439 637993
492670 651261
552554 740796
624564 1580092

10.12 G.B. Patent Specifications directed to Gyro Verticals erecting torques applied by electric motors

11864-1913 358276 608851 519960
239043 583902 611030 623356
548190 593733 612608 637993

552554 597282 619945 639803




640562 720220 808447 1126463

643749 726890 810440 1132851
645332 731737 811036 1137523
655823 732975 814919 1166692
656889 733058 84208Y 1204763
657668 740681 542901 1207336
657070 745186 844535 1224512
660208 751018 886305 1297429
661816 751403 892050 1398905
: . 671260 753258 902489 1398906
: 675861 755326 935976 1405275
; 673242 756504 940790 1411201
682525 760251 942060 1484793
683777 761521 960818 1506180
686362 777021 964763 1513770
: 706494 777818 1010343
: : 718124 798336 1051905

10.13 G.B. Patent Specifications directed to Gyro Verticals erecting torques applied by magnetic effects

309150 517587 601447 660208
345127 545694 602235 671861
378148 547208 605955 732975
464193 549944 : 612608 740796
468288 592500 615734 756504
501945 593733 619939 798167
510524 601444 654041

10.14 G.B. Patent Specifications directed to Gyro Verticals erccting torques applied by masses contrelled by solenoids

173839 ]
186655 )
581147
645332
834724
3 1065624
A
y ! 10.15 G.B.Patent Specifications directed to Gyro Verticals erecting torques applied by unclassified means y
| 108677 211200 382343 847964
1 126395 261117 401035 856683
% 127703 274268 402850 871147
134233 282633 633942 1010343
F 141477 291047 645332 1204763
] 166800 309546 649704 1207336
173839 316380 734148
186655 379134 839024
10.16 G.B. Patent Specifications directed to Gyro Verticals erecting torques increased temporarily

51787 726849 761521 842089
: 597232 726890 798336 892050
: 623356 731737 814919
H 675048 751403 842089
675860 756504 814919
i
3 10.17 G.B-Patent Specifications directed to Gyro Vesticals means compensating for or preventing acceleration cffects
{e.g. during tuming)
134234 364623 351079 615734
141477 393695 551245 619939
161595 492670 358086 619960
166800 501945 565599 624564
173839 512355 581891 637993
186635 525076 583902 639803 .
221006 528569 593963 640362 i
261117 530549 602235 655823 =
- - 309150 538574 603955 656389 B
- 345127 548190 611004 678242 "
i
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683777
686862
698295
706494
720220
737534
755326
760251
769247

10.18 G.B. Patent Specifications directed to Gyro Vertical unclassified

261106-1911
125791
127007
378148
382343
426185

777818
792346
798485
808447
811036
812294
834724
842901
844535

468672
522384
549042
553730
599665
643492

871147
902489
911871
930317
942060
944828
960818
964763
1040004

718124
756504
810440
852591
9062489
944823

10.19 G.B. Patent Specifications directed to rate 6f turn indicators

5821-1911
11331-1911
125096
129307
130095
131992
133714
137060
139771
147271
149100
151154
152008
162304
164396
171513
181164
186159
191676
196296
196831
213023
217405
218953
246741
248583
262051
204691
301278
331627
337295
340327
341519
351672
361836
371235
373832
382752
387366
389819
391111
392163
413715
415277
422116
425890
428533
442991
445586

455514
457483
471093
471537
475097
476013
476033
485043
488601
439232
407952
508213
510524
511196

515176
518817
521360
523947
526360
530222
535270
535966
549105
553650
553730
554164
561018
562886
572201
572213
579909
582541
587631
587719
587897
591182
592645
559149
599412
603383
604208
612571
616374
617108
618456
625869
627123
629462

636952
641360
654041
656518
656889
659659
662834
670983
677306
683777
684667
684668
686862
687135
698031
698032
698033
708969
71253
716871
729241
740796
753127
757069
772849
778689
784576
785399
792630
815556
839770
842775
845803
847278
854360
872777
874563
875754
878029
879583
886391
889864
895064
898595
909138
911355
911913
‘914128

1162318
1166692
1297429
1405275
1484783
1506180
1513770

1018679
1247735
1277680
1283869
1323864

917452
918197
918524
924218
924968 !
926100

26959 f
928487

931398
932173 =
933251
935905
939622
945302
945800 i
955057 )
960437

964648

971984

973122

977873

578029

983658

987921

1015681
1021801
1023554
1032940
1054238
1056557
1056819
1061769
1074357
1083157
1085498
1086539
1095519
1096831
1097682
1108391
1121117
1146833
1160039
1163017
1171719
1173647
1189631
1271728




1310525 1508302
1330550 - 1525116
1357020 - 71540279
1410580 1545774
1414297 2005411
10.20 G.B. Patent Specifications dirccted to Gyroscope apparatus kind o types — unclassified
8952-1912 T 331956 938957 1093550
24518-1912 435353 945387 1109615
5365-1913 3565872 953583 1109634
16099-1913 599826 983586 1129294
931-1914 622337 964446 1129295
H 114441 635192 964447 1144880
H 142261 636117 1008765 1160039
] 145459 637505 1016260 1160528
160868 757678 1023554 1203841
166906 805535 1034314 1260617
170864 826419 1051213 1388082
172029 826420 1073446 1535174
177772 885946 1078356 1538069
187490 885947 1078357 1570304
187985 900933 1078358
247633 904570 1093549
10,21 U.S. Patent Specifications directed to specific features of the Gyro Vertical
i 10.22 Gyroscope Control Erccting
1310862 2678564 2949786 3350947
i 1311768 2699681 2969683 3359807
* 1380336 2715706 3973651 3387482
i 1442799 2716894 2988923 3466935
1736039 2728233 2995039 3495465
1966719 2732721 3051006 3533297
1931191 2740961 3056304 3575093
2087961 2803965 3157053 3576134
2161241 2821087 3190131 3614893
2190698 2823545 3193220 3635003
2242806 2828628 3203261 3640137
2297265 2841017 3205719 3727467
2333126 2848898 3226986 3811329
2411087 2875619 32:27448 3931747
2418032 2878678 3252340 3954024
3425300 2879665 3258978 3985320
2427130 2887783 3267745 4074380
2427549 2897676 3276269 4283960
2936127 3285077 4383452
2913907 3301074
2916919 3329028
1623 U.S. Patent Specifications directed to Gyroscope Control erecting by plursl diverse forces
2380941 2592092 3588001 4149618
2417066 2676491 3638502 4346614
2417081 2720116 1020491
2435581 2916918 4061043
2567948 3582018 4068533
10.24 U.S. Patent Specifications directed to Gyroscope Control erecting by jet
RE22003 1512222 1805854 1982637
1096254 1518892 1866706 1984859
1173241 1563934 1903710 1996893
1197133 1644921 1934774 2009263
1291695 1651845 1939825 2011738
1323482 1677331 1982635 2015630
1442799 1773411 1982636 2035538
EY A S Py T — - PR S .
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2036229 2311652

2044151 2314343

2044333 2315500

. 2086896 2323244
s - 2091963 2324157
2091964 2326784

) 2093417 © 2327623
: 2099705 2330768
2126855 o 2344112

2129586 2344126

2133489 2348235

2133793 2363495

2130191 2363500

2159099 2366543

2174777 2366707

2180221 2368058

2183939 2369131

2207717 2373120

2210916 2375764

2219243 2380932

2219295 2350941

2223568 2385342

2226191 2395251

2227529 2408044

2242233 2409188

T 22428046 2420674

- ; 2248141 2425300
: 2249734 2445388

. 2257730 2446180
2486578

2492057

877033
1148721
1308692

1026 US

2198551
2300548
2326784
2348604
2351619
2356749
2368644
2370904
2373120
2380941
2384838
2392370
2408311
2327130
2427158
2333488
2435690
2438213
2439418
2341307
2445384
2336727
2457150
2462541

2504166
2514426
2602334
2609239
2628502
2635469
2708369
2772570
2780104
2916918
2923161
2937504
2997886
3012440
3093004
3139758
3152486
3162053
3241378

272019
3301069
3310987
3319475
3323376
3362233
3416378
3435688
3457269
3451289
3457793
3465600

10.25 U.S, Patent Specifications directed to Gyroscope Control erecting by weight

2464516
2479304
2450263
2499238
2499391
2501885
2504061
250568¢

. 2511273

2830153
2534463
2556097
2572733
2573426
2592643
2603093
2603767
2620669
2625825
2697353
2711652
2720116
2722839
2756598

3492879
3498145
3498476
3499335
3503269
3511101
3516280
3525159
3597984
3606794
3610053
3612443
3667301
3673875
3677098
3747418
3827361
3933096

4083031
4147066
4150579
4158312
4291849
4297905
4527439
4553440

2789336
2817239
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. Patent Specifications directed to Gyroscope Control erecting by friction
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1589039
1736039
1985082
2109953
2126855
2167422
2175631
2188606
2225032
2229645
2238645
2247142
2270876
2278379
2297265
2328734
2339606

09188

7 2412204
T 112417573
<:2416032

2419063
2241157

2449661

2450320

2466248
2368113
2373516
2486897
2488358
2352995
2509446
2510968
2513329
2519459
3524512
e

2598355
260047

2605641
2620669
2625678
2630016
2630017

2695165
2716345
2731836
2756598
2822694
2829557
2846891
2556240
2900825
2908171
2912864
2916919
2933925
2951373
295137
2951377
3025708
3082628
3107540
3130591
3237055
3242745
3251233
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10.27 U.S, Patent Specifications directed to Gyroscope Coitrol erecting by Magnetic Ficld

3458239
3469458
3490297
3498146
3524356
3526145
3678765
2741020
3754475
3845995
3858328
3988658
3008623
4036428
4093154
4167296
£170904
4185797
3189948
4191346
4211452
4230302
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30

3020770
3018044
3151007
307787
3079696
| 3082631
3160619
3161066
3167763
3203261
3225607
3234799

3258791~

3238795
3258978
3267745
3276273
3279086
3301072
3301074
3318161
3327541
3354728
3368411

3371542
3415126
3431786
3438270
3456513
3534616
3604276
3657918
3702569
3703832
3705977
3763709

3979090
4063141
4161884
4197655
4255979
4267737
4281555
4283960
4292854
438345,
4395922
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11.  THE DIFFERENTIATING GYROSCOPE
(Gyroscopic spin-rate meter-{o determine angular velocity of rotation of a vehicle around any one of its main axes. In certain
aircraft differentiating gyroscopes are used inter alinin yaw, pitcii and roll. On certain satellites, differentiations gyroscopescan
be used for damping oscillations with respect to its centre of mass),
1.1  Introduction
1.IL.1  Authors
Alexsandrov A.G. (1975)
Firdlender G.O. and Kozlov M.S. (1961)
Luetzkendorf R (1972)
Nikitin E.A. and Balashova A.A. (1969}
11.2  Gyroscopic Tachometers

11.2.1 Authors

Maksimov V.V. (1963)
Pavlovskii M.A. et al (1976)

11.3  Gyro-accelerometers

11.3.1 Authors

Corset M. (1973)

11.3.2 G.B. Patent Specification
1160039

1133 U.S. Patent Specification
4651565

13.1  Yibratory Gyroscopes
1141 Auwl.ors

Diamantides N.D. (1959)
Sorg H.ii (1968)

1i4.2 G B. Patent Specifications General

7285011910 218953 508213 625869
22188611911 248383 511196 627123
125096 271528 521160 625462
129307 292051 520222 636952
130095 301278 535270 659659
131492 331627 535966 662834
137060 371235 544728 677306
139771 382782 550550 708969
145459 387366 554164 712993
147271 388149 562886 716871
149100 391111 573061 722492
152008 392163 579909 735589
160523 405513 582541 743251
162304 413715 587631 747990
164396 44291 587719 751018
170864 445586 587897 785675
171513 455514 591182 767069
181164 457483 592645 772849
186159 471093 299412 778680
191676 471537 £94208 784576
196296 475097 611005 755399
166831 485043 612371 792630
213023 488601 616374 803722
217405 489232 617108 830013
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839770
847278
865344
874563
876424
879683
886391
889864
895064
898595
900138
911913
914128
924968
926100

1143

2189375
2291612
2581965
2687647
2719291
2800021
2815667
2839930

1144

547693

932175
933251
960437
971984
978029
987921
989101
1021801
1023554
1029012
1049794
1054082
1054238
10565357
1056819

U.S. Patent Specifications rate of turn

2839931
2839932
2839933
2839934
2986941
3009366
3065641
3084559

Russian Patent Specification

1061769
1074356
1085498
1086539
1095519
1096831
1097682
1102477
1121117
1121750
1125931
1125932
1146833
1160039
1172441

3187587
3214980
3303706
3444744
3466934
3487701
3529477
3592066

1189631
1242786
1249128
1271728
1288118
1288449
1306792
1310524
1357020
1410580
1414297
1508302
125116
2005411

3902374
3925642
4061043
4068533
4179087
4445375
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12. THEINTEGRATING GYROSCOPE

The integrating gyroscope is a gyroseopic angular velocity integrator, used to determine the angle of rotations of an object by
integrating the component of its angular v elocity around the axis of measurement for use inter alia in auto pilots and

navigational control systems.

12.1  Introduction

1211 Authors

Firdiender G.O. and Koziov M S. (1963}
Haeussermann W (1962)

Nikitin E.A. and Balashova A.A. (1969)
Wrigley W. {1963)

12.2  Rate-Integrating Gyroscope

12.2.1 Authors

Arutyunov $.5.1 i il (¢.1960)
Draper C.S. etal (1956}

Goodman L.E. and Robinson AE., (1957
Horath W.K. (1959) Sce. French Patent. 1224158 corresponds to GB. 911913 US. 3084559
Koval V.A. and Andreichenko K.P. (1978)

12,3 Gyroscopic Integrator of Linear Accelerations

1231 Authors

Bogatskasa LG, etal (1673)
Sinitsin L. (1967}
Sinitsin LN. (1969)

12.4 Miniature Integrating Gyroscope

1241 Aathers

Durkee RP. (1962)

1242 G B. Patenis Specifications

130995 662334
269280 608773
299407 783449
H48051 761069
474718 790637
04753 303722
559327 $54393

1243 U.S. Patent Specifications

2709922 2964956
2752791 2968940
2819053 3006223
295:3~7 3084559
2954700 3084560

— e

881698
911613*
9249¢8
243387
953585
953586
980437

3225007
3339421
4005603
4087919
H81175

*Equivalenc to French 12741 58 translated into English early, in OTS US Keport 6218919)
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13.  TYPES OF MODERN GYROSCOPES AND THEIR CONSTRUCTION
13:1-  Asymmetrical gyroscope -
1311 Authors

Anchev A, ii (1964)
Grammel R. iti (1960)

Grioli G.iv (1963)

Klimov DM. 1i (1959)

Leipholz H.ii (1963)

Leppert vo: M. (1983)

Lukach 1. and Smorodinskii Ya. A. (1974)
Magnus K. viii (1955)

Mertler E. (1973)

Smirnova E.P.i(1974)

Viasov Yu. B. (1974)

Zhuravlev VI i (1976)

1312 G.B. Patent Spe.ifications
No Entrics

13.1.3  US. Fatent Specifications
2991659

3191445

3805625

4443375

13.2  Frec Rotor Gyroscopss
13.21 Authors

Drew T.A. and Carnaghic LA, (1968)
Savet P.H. ii (1963) (definition p.46)
Slater JLM. i (1962)

Zedekar $1.. (1968)

1322 G.B. Patent Specifications

141139 1015153 1304571
471217 1066914 1305571
580680 1084280 1312294
722492 1150532 1356667
937444 1160295 1364757
961285 1244519 1399607
973629 1284195 1514227

1323 U.S. Patent Specifications

1589039 2785573 3081552
1972882 2841760 3115784
1986807 2857167 3142183
2086897 2871703 3149276
2133809 2919583 3164022
2142018 2959060 3211011
2377175 3003356 3214981
2434251 3004683 3232120
2474072 3005117 3250135
2562690 3025708 3251233
2691306 3037170 3354726
2704401 3044309 3358514
2719291 3056303 3529477
2729106 3077785 3537324

*{A mathematical dissertation on the subject).

1514228
1514780
1520139
1522138*
1589759
1589790

3557629
3673872
3677097
3678764
3706231
3943778
3954024
4000660
4030371
4189948
+217787
4240301
4296639
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1324 French Patent Specifications

926351
1336096
2219702

132.5  European Patent Specifications

EP 0009347
0023958

#13.3  OneDegree of Freedom Gyroscopes
1331 Autkors

Andersen J.P. (1968)

Ausman J.S.ii (1963)

Clark RN.(1974)

Joos D.K.(1977)

Koning M.G. (1977)

Pitman G.R.and Goodson R.E. (1963)
Wrigley W, (1963)

Vasil'ev V.N. (1983)

1332 G.B. Patent Specifications

722492 973122
753127 980487
753449 1037756
772849 1068426
960437 1129294
971984 1129295

1333 U.S. Patent Specifications

1940387 3104553
2809526 3131569
2855782 3142182
2986943 3247725
3060752 3250134

13.4  Two Degree of Freedom Gyroscopes
1341 Authors

Ausman J.S.ii (1963)

Barnett D. (1964-65)

Briggs R.W. (1965)

Cockin L. (1963) (page 36)

Gubbins HL. and Barkel DJ. (1974)
Kargu L1 Yablonskaya V.A. (1976)
Read RS, (1963)

Savet PH.(1961) (1963)

Willems P.Y. (1974)

Zhou-Heng (1979)

1342 G.B. Batent Specifications

684668 1084456
722492 1085070
885303 1103490
886728 1103495
925219 1104525
950694 1141385
1083157 1155545

1172441
1189631
1304571
1306792
1456883
1557528

3362232
3496781
3570281
3608383
3885443

1160039
1201828
1239176
1269054
1283118
1289Gu0
1304571

2064116
2135775
2151783

3974702
4627737
4633722

1436941
1506180
2012998
2151783
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H . 1343 U.S. Patent Specifications
§ 1192532 3115784 3263507 3489018
1639233 3131569 3263508 3902374
2098564 3165282 3267747 4189047
H 2677194 3182514 3523375 4212443
: 2742299 3186241 3354726 4498340
2872821 3187588 3362231 4320669
2959059 3214981 3408874 4255979
2995938 3225609 3416378 4361760
3065641 3247726 3438269
3077785 3257854 3483760
1344 European Patent Specifications
EP.0122745
13.5 Low Wander Gyroscope
13.5.1 Authors
Wrigley W, et al (1969) se p 267 Re. Lord Bowdoin's low wander £yroscope
; 1352 G.B. Patent Specifications
No Entries
3
% 13.53 U.S. Patent Specification
1 3765250
J 136 Floated Gyroscopes
1361 Authors
Anon (1971)
| Bamaby RE. etal i (1961)
; Chizhikov V. Yuetal (1973)

Cochin 1. (1963) See p 44

Coldwell Tetal( 1964-1965)

Cuny B. (1965)

Daw H.A. (1965)

Falk RA.and Muller F, von (1960)
Gorodetskii O.M. (1977)

Johnston W.D. and Toda N.E, (1960)
Lewellen W.S, (1966)

Osband 8. (1962)

Savet P.H.{ 1961 see p 282
Slomianskii G.A. and Pryadilov Yu. N (1958)
Swanson C.0. (1962)

Wrigley W. etal (1969) Sec p 257. 262
Vechtomov V.M. (1 972)

1362  G.B Parem Specifications

t 722432 852562 926959 1084436

) 740349 856374 941317 1117848
740350 867867 958988 1167286
753449 867868 971984 1234519
772432 878028 950701+ 1456883
802776 878939 992533 1545116
815556 885303 1025325 1554205
840395 886391 1037756
845808 889358 1056557
847278 911913 1083137

*Mathematical dissertation
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1363 LS. Patent Specification

79465; 2854850 3104533 3250134
1180815 2856775 3126747 3323374
1480637 2857767 3127776 3353413
1501886 2859626 3132523 3396587

1589039 2865206 3164022 3301567
2307590 2896455 3214982 3402610
2393473 2898765 3225607 3526144
2613538 2900822 3230778 3570281
2618159 2928281 3232120 3657931

2625045 2928282 3237458 3722297 {
2644727 2964950 3238792 3885443

2649308 2986941 3240074 3886803 :
2729107 2995937 3240076 3974702 1
2785573 3020768 3242742 4448086 d
2817974 3084559 3262324

13.64 French Patent Specification
1224158
13.7  GasBearing Garoscopes

1371 Authors

Anon (1971)
Beardmore G. (1985)

13.7.2 G.B. Patent Specijications

937444
986485
1017590
1084280
1150134
1197646

13.7.3 U.S. Patent Specifications

1544443 2670146
2986895 2683635
2582788 2696410
2597371 3048043
2627443 3807239

13.8  Electrostatic Gyroscopes
138.1 Authors

Andrews A. (1973)
Belitskii A and Martynenko Yu. G. (1977
Cochin.(1963)Seep 52

Gubarenko S1. and Mariynenko Yu. G, (19823
Knocbel HW. (1964)

Koretskii A.V. Martynenko Yu. G. (1983)
Koval ST.eral. (1972)

Kudin S.F. and Martynenko Yu. G. (1985}
Martynenko Yu. G. (1 970)

Martynenko Yu. G.and Medvedev AV, (1985
Medvedev A V. (1985) )
Nordsieck A. (1962)
Slater JM. iii {1962)
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1382  G.B. Paten Specifications

992535 . 1314304 1525116
1013275 T - 71324458 2166867
1051022 1343690 2175692
1181704 1362149

1273522 1368037

1383  U.S. Patent Specifications

2552050 3262325 3482455 3965753
3003356 3262326 3495465 4061043
3024364 3262327 3496780 4068533
3098676 3274666 3847026 4074580
3098679 3295379 3902374 4587860
3148456 3379070 3906804 4654582
3198021 3451274 3954024

13.84 European Patent Specifications

EP.0121483
EP.0128066
EP.0174408

13.9  Magnetically supported Gyroscopes (Magnetic Gyro, Electromagnetic Gyro)
13.9.1 Authors

Arrighi G. (1947)
Cochin L (1963) see p 56-66

Crova A. (1882)

Martynenko Yu. G.(1973)

Miller J.W. (1976)

Musatov K.A. Rudenko V.M. Filatov V.V. (1986}
Parente RB. (1969}

Sidyakov D.F. (1975)

Urman Yu. M. (1984)

1392 G.B. Patent Specification
1167286

1393 ULS. Patens Specifications

1864801 2809526 3316032 4114452
2377175 2822694 3344676 4355541
2436939 2919583 3475975 1643034
2562690 3146038 3473852 4651565
2691306 3112962 3565495
2695165 3196694 3777255
2733857 3225608 4114451

13.94 German Pareni Specifications

2751040
2755318

1395 Russian Patent Specification

13.10 Torsion supporied Gyroscopes
13101 Awbhors

Wrigley W.etal {1969} se2 p 266

*Extensive sarlier art cited .

e




13102  G.B. Patent Specification
1160039

13103 U.S. Patent Specifications
Reissue 24880

2919585

3009360

3430276

4259871

13.11 Rcversing Gyroscopes
1311 Awhors

No Entries

13112 G.B. Patent Specifications
No Entries

13113 US. Patent Specification
3078727

13.12 Boetstrap Gyroscope

alignment with the rotor axis.
13121  Authors
NoEntries

13122 G.B. Patent Specifications

13123 ULS. Patert Specification
2930318
13.13 Dynamically Tuned (free rotor) Gyroscopes

13131  Awhors

Beardmore G. (1985)

Bennett GS.(1947)

Bonfield D.G.(1977)

CraigRIG.{(1972)

Dewar DM. Cooke D.D.(1976)

Ebent W.(1976)

Haberland R (1977}

Howe, EW.etal {(1964)

G.B. Parent Specifications
1142848
1274599
763 1315432

1693549 1378946

1142846 1446112

1142847 1481839

1511430
1314780
152213s
1541330
1553488
2042723

2163471
2081522
2083910
2163849
2178851

Defined as any type the drift of which decreases nearly to zero if the main frame thereof is maintained in nearly perfect

.
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13.133  U.S. Patent Specifications

2517612 3505882 3832906 4563909
2581965 3512419 3943778 4592242
2940313 3524355 3974701 4596158
3301073 3678764 4126046 4653096
3354726 3678765 4257280
3367194 3700290 1357837
3477298 2702568 4399778

13134  German Patent Specification
953662

13135  European Patent Specification
EP.0146850

13136 Swiss Patent Specification

482620

13.14 Precision Gyroscopes

4 13141  Authors
% Bamaby RE. (1959)
Kiemes M. Lane A.W.

Zeigler E1.(1959)

Pt
P

13142 G.3. Patent Specifications

No Entries
E 13343 US. Patent specifications }
.
2
} . 2033925 1
3003356 ) #
: 3198021 ]
1
4% 13145 French Patent Specification 1
§ 1825771 E
b
] 13.15 Tws Axis Case Rotating Gyroscopes 4

{3151  Authors

} NcEntries

13152 G.B. Pateru Specificancsis

330594 E
973629
LS. Patent Specifications
3327538
3498144
3540295




13162 G.B. Patent Specificarions

No Entries

13163 US. Patent Specifications
3091919

3097027

3186240

13.764  European Patent Specification

EP.0142937

13.17 Single Degree of Freedom Miniature Integrating Gyroscopes

1317.1 Authors

Swanson C.O.(1962)
Zholdak S.A.

130172 G.B. Patent Specifications

2934961
3073283
3077760
3204467
3273405
4361176

¥ 13172 U.S. Patent Specifications

—
0 T ¢ D T DPR )

13.18 Spherical Rotor Gyroscopes
{
i - 13181 Authors

Drew T.A. et al (1568)

Graham K.D.(1969)

Henriot EJ.C. and Hoguenand E.A.1 {1927)
Martynenko Yu. G.{1974)

Pittman W.C.(1962)

Urman Yu. M.{1973)

Vechtomov VM. {1972)

[T

-mwm.

13182  G.B. Patent Specifications

378148 871147 10831
1 : 383164 971584 113360 1359607
H 483370 990701 124451 1503519
733678 1016260 1314302 2166867
790019 1051022 $323338

7 1362149

[T ]

L W

[

13183  US. Pajent Specifications

3906803
3715019
3918310

2740299
2059050
2968954

ey A

ot Rk Gak fad

3198021 330

3252337 3 3880605 |
13.19 Digital Rate Gyroscope with Vibrating Beam Force Transducers .

13191 Auwihors ) é

No Entries i - 7 f
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13192  G.B. Patents Specifications
No Entries

U.S. Pazent Specifications

13.20 Gas Lubricated Reaction Gyroscope
1337  Authom

No Entries

G.B. Paseni Specifications

13233 U.S. Pareru Specificatizn

G.B. FPazent Specifications

13213 U.S. Paren: Specifications

=
=

13.22 Strap-down Gyro with Quartz Crystals

13327 Awhors

13222 G.B FParesu Specifications

NO EnIncs

13223 US. Fatent Specifications

~ ol Mgw“
m

M

ol

" "y "'M“ it WW"MW .

13.23 Two Axis (Emballess Al-Attitude Hydrosiatic Free Rofor Gyroscope

13237 Authors

oy
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G.B. Patert Specification

13233 US. Patent Specifications

1324 Rate Gyro Using Elastic Restraint (fluid wedge}

13241 Awhors

13222  G.B. Pateni Specifications

Ko Entres

3152845 3321199
3194613 3487701

13.26 Hooke's Joint Gyroscopes

3261  Auwthors

Brosens PJ. Crandali SH. 8
Burdess J5.(19783{1
Burdess JS. Maunder L. (1972)
HBAT.(1967)

FoxCHJI. Burdessis,
Porter B.iii (1961, 13
Porter B, Gregury RW. {1963}
Ry=n T (1989)

VanDikGHM.{1
Sharalov M. Yu. {1985}

43
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13.26.2  G.B. Patént Specifications

- 578958 1072926
732975 1378946
733058 1450027
838383 1522138
y 1058780 2007840

13263 U.S. Patent Specifications

2527245 See 3748912
2909064 4529871
3080762 4587860
3290949

3301073

13.26.4  German Paten: Specification
2818105 ‘
13.26.5  European Patent Specification

EP.0121483

13.27 Multiple-jet pneumatic gyroscope
13.27.1  Authors

’ No Entries

Bl
M "

13.27.2 G B. Patent specifications
No Entries

13.27.3  U.S. Patent Specifications

) 2729106 3416378
3115784 3482454
3275270 36100 33
3320816 4553440
1622314

13,28 Hi:drostatically Supps:ted Gyroscope with Combined Ceatrifuge and Viscous shear Rotary Pump
13.28.1  Authors

Cochin 1. (1953)
See p 48. 50.

13.28.2 G B. Paicru Specificaiions
No Entries
13.28.3  U.S. Paten: Specifications

32677144
3321979
3643516
3653267
3657930
3662609

&

13.29 Two Axis Rate Captured Saturn Rotor Gyroscupe s

1329.1  Authors

[ VTR

No Entries H R

13203 G.B. Patent Specifications

RN

NN

No Entries

Gt b

4
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13.29.3  U.S. Patenst Specifications

3252340 3722295
3260475 3902374
3262324
3413859
3611815

13.30 Vented Rotor Gy:.._cupe

13.36.1  Authors

No Entries

13302  G.B. Patent Specifications

IR TRT

NoEntnes

¢ 13203 U.S. Fatent Specifications

2564953 3677317
3147588 2876730
b : 3604277

: 3610052 ‘
: 3726572

15.3} Universal Gyrescope 3

{ ! 13310 Authors k

Py
W

4 No Entnies 4
15.31.2  G.B. Pates - 3pecifications
No Entrizs

2

3 j3.313  US. Puateni Specifications i

adbie-o,
oL
£y

1864501
1954998
3 2684805
2809527

13321  Authois

Carrier G.F. Miles LW. ii (1964)
Diamond HB.$(1967)

Egli WH (1964}
Ficbig M. (196K}

r 13.32 Fluid Rotor Magneto-hydrodynamic Gyrczcope

Jaumann J. (1932)

Kastrov V.V. Rogovoy V.#. (19620
Neweninb WA, (1972)

Monopoli RV.i(19¢0)

Monopoh R.V.ii (1961)

Puls J.(1973)

: Paincaré H. (188%)
; Scott W.E. (1885)
Smirsova E.P.ii (1975)
: Stewzrtson K. Ward G.N, (1979)
: Thea LW, (1956}
Whitcorab EW. (1964)

™

Ml a0l Oy

Thomson W. 11 (1877}
; Wildman M. (1962)

Wing W.G.ii (1963)

V d om
A‘A
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13.322  G.B. Patem Specifications

868535 1059300 1219890
87161¢ 1074356 1277680
911355 1150324 1283869
928487 1184087 1525116
945800 1219415 1545116

13323 US. Patent Specifications

1841606 2716943 2999389 3339420
1890831 2795957 3026731 3371541
2099593 2857767 3058359 3401567
2183312 2949784 3080763 3747418
2215447 2953925 3129755 3933051
2345071 2973647 3200653 4603483

13.324  French Patent Specification

1185380

13.325  Russian Patent Specification

498476
h 13.33 Whirling Fluid Rotor Gyroscope (Vortex gyro) ]
% 13331 Authors 'J
$ D'Amico Jr. W.P. (1984) 1

Osborne LW, (1877)
Sarpkaya T. et al (1967)

Y.

4 13332 G.B. Patent Specifications 4
3
% . 1002151 1201406 . '1"
1125931 1268700
1125932
13135517
1140628
13333 U.S. Patent Specifications 1
1841606 2995939
1890831 3060751
2856142 3276259
2949784 270387
2953925 4603483 i
13334  French Patent Specification
1185380
13.34 'Torroidal Gyroscope
13341 Autkors
A . Jaumann J. (1932) ’
} . 13342 G.B. Patent Specificasion - ]
!
! 1219415 {
13.343  US. Patent Specifications
1082108 2871703 2966802
2691306 2894396 2971384
2856142 2915902 337154:

Qo




13.35 Super-conducting Superaiurrent Cryogenic Gyroscopes

T

i335.1 Awhors

Buchhold T.A. (1969)

Buchhold T.A. (1563}

Cabresa B, (1978)

Cochin L (1963) see p. 65

Faleo CM, (1978)

Sulay D (1975)

Grumet A. cual (1265)
Harding LT (1965) (1961)
Henrlricks 1.3, (1975)
Holdeman L.B, etai (1976)
Holdeman L.B. (1978}

Jeans Sw. L, (1948) see p. 167
Juster A. Schizuine P.K. (1959)
Karr G.A. Hendricks LB. (1981)
Kerrigan P.P. (1971)

Mayhan J., Mundel E. (1963)
MehlJ.3. Zimmerman W. Jr. (1968)
Pellam JR. {1960)

Mercereau JLE. (1965)

Musatov K.A. Rudenko V.M. Filatov V.V, (1986)
Reppy L.D. (1965)

Slater J.M. i1 (196

Urman Yu M. (197

Whitcomb E.W. {1964)

Simon L (1953)

; Rose-Innes A.G. Taylor ¢ M. (1961)
i Urman Yu. M. (1984}
} :

Vorob'ev Al.etal (1984)
Zhuralev V.F. Rudenko V %1, (1983)
Zimmerman et al (1965)

13052 G.R. Patem Specifications

101515
1244519
13353 U.S. Patent Specifizations
2871703
3044209

3216263
3657927

13354 Russian Paent Specification

40.182

13.36  Vibra-retor Gyzoscope (See alse. Oscillogyro)
13365 Authorz
Brozzul L. Gilov 7.4.(1969)

Firdiendzr G.0.and Kezlev M5, (1963)

(seen.78)
Ryan T.J.(1984)

13.36.2  G.B. Paten: Specifications

1111436

1078356 1144880

1076357 1245146

1075358 1599082 :
1693549 2061502
1101258 2164749 s .




= Wv-v—w- AR A S e R o B S T T T e TR TR AT

48

[ —

13383 US. Patent Specifications

1801619 3382726
2991659 3463016
3270566 3559492
3318166 4258577
3367194

13.36.4  German Patent Specification
1548353

13365  European Paten: Specification
EP.0059628

13,37 Vibrating Ring Gyroscopes

Vibrating Bell Gyroscopes
{Acoustic Gyroscopes)
13371  Authers )

Bryan G.H. (1889-92) 3
Frost I1.N. Sethares J.C. Szabo T.L. (1977

Langdon RM. (1982) %
Leblond H. Bruneau M. Garing Ch {1935)

Newton G.C. (1965) ]
Waod AB. (1955) (p. 581-583)

13.37.2  G.B.Patent Specifications

1244519 2021266
1288i18 2061562
1288449 2113842
1303237 2111209 -
1540279 2164749

13373 U.S. Patent Specifications

2999389 2367154 3719074 a157041
31564022 3408872 3909710 4167120*
3182512 3625067 3910373 3384409%
3232120 3656354 3924475

3241377 3673872 3926475

3307409 3678762 3126947

12374 European Patent Specification
EP.0175508

13373 Intennational Patent Specification
WC.E1/00933

1338 Electren Gyroscope

3381 Authors

No Entries

13352  G.B. Patent Specification

No Entrics

*Surface aconstic wave (SAW) zyroscope




13383  U.S. Patent Specifications

[ ———

2330849
2871703
2885552
3160018

13.39 Elcctrically Suspended Gyroscope (ESG)

13.39.1  Authors

H
i

AllenD.F.
Elwell D.F. (1973-74)

13.40 Small Low-Angular Moment of inertia gyroscope

13.40.f  Autho:s

Sapuppo M.S. and Pijoan PJ.(1971)
Simons W.R.{1965)

13.41 Pyrotechnic Roll-reference Gyroscope (Hot Gas Gyro) (Cordite gyroscope)
13441 Authors
Minihan P.N. (1964-65}

13.4i 2 G.B. Paten: Specifications

842775 1132779
944658 1180546
947103 1330550
978023 2056675
1023963 2117114

13413 U.S. Patens Specifications

iy iy iy

1510487 2771778 3285075 .
230:700 2960877 3393569
| 2415859 3142184 3908476 -
1 2651134 3186241 4271709 i 4
% 2766625 3267748 4280366 ;
1 13.42 Combined Gyroscope and Accelerometer F
1 1342.]  Authors ]
y
No Entries !

13422 G.B. Pateni Specifications

1198569
1213868
: 1312294
1312205

P

13423 U.S. Pateru Specifications

Re. 13753 593173 769493 935709

Re. 13435 596231 769693 235771

185465 596480 8§59293 936683

204052 637750 885086 944096

2356259 640522 888405 960838

302650 653264 889062 991485
385087 661704 896708 1043022 ) H
H 401736 676420 907907 1048817 - =
i 434172 693374 915858 1071735 - B

458677 701533 919003 1093159

584127 7345441 919263 1102653

|
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1112997 2412453 3006197 3502062
1134439 2415056 3609152 3523660
1137234 2425737 3011346 3540289
1147272 2432383 3014376 3540293
1150311 2368137 3018476 3564931
1175959 2472824 3084342 3576134
1183530 2475736 3092432 3604121
1232619 2484519 3109501 3608384
1236204 2497065 3122937 3613458
1259293 2501479 3124007 3663200
1296303 2523959 3142339 3697968
1312085 2525241 3145797 3702078
1330503 2532333 3153353 3723963
1447685 2532333 3166750 3731544
1495911 2534163 3179942 3742770
1501886 2533786 3203644 3756338
1513143 2557590 3205718 3811328
1545812 2568402 3218015 3831454
1548442 2570130 3224513 3871236
1560428 2570633 3232635 3916697
1573028 2577061 3734797 3045769
1386070 2581846 3230118 4020491
1618570 2585579 3242744 4027540 1
1634950 2635836 3276270 1062126
1645079 2705371 3279263 1068538 [
1732677 2734383 3283587 1091664
1762409 2809528 3293923 4193308 ]
1800408 2811042 3296870 4241613
1885414 2825789 3313163 4256279
1945874 2871707 3320818 4267736 i
1947119 2882718 3327539 4295381
1964869 2883863 3338166 4322984
1978425 2914945 3373832 324378
2051073 S aon 3373832 4324378
2062583 2953926 3380310 4361055
2325043 2961877 3393555 4375878 }
338977 2964954 3410357 1399714 !
2 2305940 e 32117 :
b 2980895 3426592
3 SHudiis 3005352 3465840
] 3
; 13.43 Magneto-optical Gyroscope
F Faraday Effect Gyi1scope (Ba:nett effect}
F 1343.1  Awhors *
Anon (1961-1962)
Bamett . J. (1935)
Boardijk AH. 1956
Braunbek W. 1939

Newton G.C. Jr.ctal {1962)
Rothrock RB. et al (1963)
Schmutzer E.(1978)

13432 G.B. Patent Specification
No Entrices

13433 U.S. Pateru Specifications
2377175

2566221

2916279

2942479
3225608
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13.44 Magnetic Induction Gyroscope
13441 Authors

Anon (1962)ii
Verbrugge F. (1953)

13442  G.B. Pateni Specifications
No Entries

13443  U.S. Pateni Specifications
No Entries

13444  German Patent Specification
2740-333

13.45 Lindberg Gyroscope

13451  Authors

Capellupo J.P. et al (1960)

1345.2  G.B. Patent Specification
984269

13.50 Vibrating Gyroscopes
13.50.1  Single Reed Gyroscopes
13.50.1.1 Authors

Anon (1971)
Bryan GH. (1890)

13.50.1.2 G.B. Patent Specifications

600165 647723
601051 647895
610530 670983
611005 685113
611011 685369
611021 730783
618328 861436
639577 932457
646794 947310

1350 1.3 U.S. Patent Specification

1728904 2546148
2309853 2552650
2466018 2594749
2542018 2974530
2544646 3047766

13.50.1.4 Russian Patent Specifications

438327
641343

947436

1008959
1009021
1049794
1054082
1063469
1102477

Re issue 22409
3338774

1121750
11249128
1130313
1139083
1141727
1540279
1599082

3992952
4079630
4267731

g

lihoyly

e




32

L

13.30.2  Tuning Fork Gyroscopes igyroiron)
135021 Authors

Bamaby RE.etal (1953)
Bormer M. (1966/57)
Chatterton J.B. (1955)
Feamside K. etal (1958)
Germain L. Wing T. (1961)
Hunt G.H. Hobbs A E.W.(1961-65}
Krasnoshchekova L. Yu. (1969)
LymanJ. (1953)

Maunder L. (1974)

Meredith F.W, (1949)

Merrow C.T. (1935)

Newton G.C.Ji. (s 70V)

Pringle JW.S. (1918) (1957)
Stration A. Hunt GH. (1963)

13503 Oscillogyro

135031 Authors
Bonfield D.G.(1977)

Maunder L.(1974)

Nupall 1D, (1982)

Ormandy D. Maunder L. (1973}
Whalicy R. Holgate MJ. Maunder L. (1967)
(Se= Vibra-rotor gyroscope at 13.36]

135032 G.B. Paicnt Specifications

UL.S. Patert Specificasions

133504  Vibratory Rate Gyroscope

NoEntries

135042 G.5. Paren Specifications

NoEntries

1034082
1102477
1139083
1141727
2061502
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13.504.3 U.S. Pateru Specifications

2455939 2861236
2544646 2974530
2594749 3127775
g 2753173 3992952
2838698 4079630

i,

13.5044 French Patent Specification

1176197

13.30.5  Piezo Eleciric Vibrating Gyroscope
13.50.5.1 Auwhors

Konno M. Sugawara 5. Tomikawa Y. (1985)
Langdon RM.(1982)

Westinghouse Electric Corpn. (1962)
i3.50.5.2 G.B. Patent Specifications
1540279

2061502

2111209

2154739

13.50.5.3 U.S. Paterus Specifications

2223537 2683247 4386535
2513340 2683596 4439609
2532781 2716893 4653325
2544646 2724171 4655081
2546158 2963911 4197478
2616681 2974530 4264838
2627400 3182512 4267731
) 30.5054 International Paten: Specification
WO 81.00933
13.50.5.5 European Parert Specification
EP.0153189
13306  Piezo-electric — magnelostrictive vibrating gyroscope
{circumferenticl flexure vibrating gyroscope)

13.506.1 Authors
No Entries
13.506.2 G.B. Patent Specifications
No Entries
13.306.3 U125, Pazert Specifications .
3182512 :
3307409 -
3308872
13.51 Interferometric Gyroscopes

13511 Authors
Arditty HJ. e1al (19813 {1943} .

Aronowitz F.{19713{1972)
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Aronowitz F.and Lim W.I.. (1979}

Balsamo SR Ezekiel S.{1977)

Bambini A. Stenholm S. {1985}

Barlow A.J. Dye M.S. Trayner BT.{1983)

Baxter T.D. Saito T.T. Shaw G.L. Evars RT. Motes R.A. (1983)
BergRA. ctal (1981) (1¥82:)

Bertein F. (1965 if)

Bertolotti M. (1983)

Bogdanov A.D. (1977)

Bohm K. Marten P. Petermann K. Weidel E. (1983)

Bone M.C. Parker JW.(1933)

Boscovich R1.(1766)

Bruae; H. (1865)

Bukhman A.B. etal (1981}

Bulmer CH. Moeller RP. {1981}

Burns WK, (1954)

Bums W.K. Milton A.F. (1982}

Bums W.K. Mociler R.P. Villarruel CA. Ababe M. (1983)
Burns W.K. Chin-Lin-Chen Moeller R.P.{1983)

Cahill RF, Udd. E.{197%)

Cresser J.D. et al (1952}

Culshaw B. Giles LF. {1983} {review articlc}

Davis J.L. Ezekiel €. (1951}

DewerD.(1977)

Dorschner T.AL(1983)

Dorschner T.A. S.uth LW, Staiz H.{(1975)

Ditchburn RW. (1976)

Dunn RW. ctal (1982)

Evans RT.MotesRA.

Fzzkic S, Arditty HJ. (1982) (Modem text)

Ezzkicl S. Balsamo S.R. (1977}

Ezel’el 5. Knausenberger GE.{1978) (Modem text)
Frigo NJ. ot al (1983)

Gerdy C. (1965}

Giles LP. Culshaw B. Davies DEN.{1983}

Goss W. Goldsicin R. (1983}

Gram D.C. . (1979;

Gubbins HL. Curngion WA. (1983}

Heer CV.(i 1964) )

Heer C.V. 1961 i (1964 i) iii (198%)

Hofp F.A.(1950)

Hotate K. etal (1581}

Hutchings TJ. Stigern D.C. {1978}

Ippen E-P. Stolen RH. (1972} {Re-Brillouin seaticring)
Jacobs SF.e1al {1984)

Jiang Ya-nanetal (1982)

Johnston LV. (1977)

Jones E.(1983)

Khromykh AM. (1966}

Killpatrick 1E. (19673 {1973}

Landa PS.(1970) (1971}

Lavan MJ. Van Damme G.E. Cadwaliender WK. (1976)(1977)
Lamb W.E. (1969)

Langford R.C. (1965) {1966}
Langevin P. (1921)

Lauvree P. (1965)

Leeb WR. Schiffne; G Scheiterer E.(1979)
Lefevre H.C. Bourbir: Y. Grainborge P. Ardiny HJ. (1952)
Macek WM. Davis DT M. I (1953
Macek WM. McCarntney E1 (1966}
Macck WM. Schneider JR. Salamen R M. (1964)
Maiman T.H. (1960)

Mark J.G. and Brown A. {1985}

Manhews 1.B.Gneses ML Berg DS.{1978;
McClurcR.E. Vaher E.{1978) -
Michelson AA. {2904}

MoranJ.(1984)

Nakazawa M. (1985)

wh]‘m.y .

fo

eyt

B w b "MWMmmrww gty o gy i

-l

-




Orzzio F.D.Jr. (1982)
Ponikvar D.R. Ezekiel 8. (1981)
Post EX,(1967)

Roland JJ. Agrawal GP. (1981)
Roland J.J. Lamarre J M. (1973)
Rosenthal AH. (1962)

Ross M. (1971)

Rozanov N.N. (1970)

Sagnac G. (1913iii)

Saxena V.N. (1983)

Schawlow A.L. Townes CH. (1958)

Scott M.L. Elsor: 1M, (1978)
F Sheem S.K. (1981)
Siouris G.M. (1977)
Stenholin S. (1983)
3 Street AJ. Wilkinson J.R. (1983)
¥ Tehrani M.M. (1983)
¥ Tehrani M.IM. and Hoschette J.A. (1983)
3 Thompson D.E. Anderson D.B. Yao S.K. Youmans BR. (1978}
Udd E. (1985)
; Vali V. Berg MF. Shorthill RW. (1978)
Vali V. Shorthill R-W. (1576) (1977)
Vali V. Shorthill RW. Berg M.F. (1977)
1 - Watkins LS. Smith R.C. (1965)
: Whitcomb E.W. (1963)
d Wickert K. Demtroder W. (1952)
N Yee H. (1965)
% i Yeh P Tracey J. Khoshnevisan M. (1983)
: Youngquist R.C, Shaw HJ. (1983)
J : Zemike F. (1947)
13.51.2  G.B. Patenis Specifications
1046349 1550579 2068108 2121532
1086898 1589704 2071905 2121954
1 - 1116416 1594047 2072335 212633
! . 1135910 1601309 2073414 2126776
$ 1141727 2004113 2078936 2127211 .
- : 1143033 2009396 2079525 2127960
1192414 2012101 3087638 2131598
; 1196940 2017392 2089976 2134248 ]
; 1203628 2017394 2090597 2136630
E 1208449 2021851 2093264 2137013 n
: 1237663 2028496 2097175 2135624
+ 1255836 2028497 2097176 2138625
H 1258172 2029631 2097177 2141868
1269104 2032169 2008404 2143366
1285277 2037455 2100055 2143367
1296786 2039036 2100499 2143368
1375959 2044447 2100855 2144261
1388418 2044518 2101802 2145222
1306730 2044593 2105098 2138046
: 1507847 2045514 2105901 2151806
: 1509760 2046434 2107511 2156070
: 1535444 2046508 2108652 2157067
: 1536077 2049172 2109623
1536081 2058345 2111297 2160026
1542723 2058346 2112202 2162937 :
# 1550578 2067746 21199883 2171246 1
. <
- 13513 US. Patens Specifications
{
2841049 3520850 3: 3395367 3 ,
¥ 3102920 3323411 3 3104349 5 - ]
3102953 3332314 3 3311849 z . £
3 3277392 3315909 3 3412251 g -
3277393 3370253 3 3319330 g
3316501 3373650 3 3433568 £
=
: g
- H
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. 3462708 3743969 3130178 3426997 o e
‘ 3464026 3744908 4160184 3431308
346612 5752556 1167336 3432636
3467472 3757247 3196363 3433915
3468608 791738 4198163 3436323
3369922 3807866 4208128 4430498
3473031 3841758 4225239 3435780
3473143 3846025 4243324 3
3490878 3851973 4248533
3494169 3854819 4248335
3456133 38628503 4255053
3488606 3867034 1257015
3503005 3869210 4258336
3503688 3879130 4239616
3508831 3850047 3265531
3512890 3892486 4267478
3519356 3927946 4271397
3528029 3930731 4272194
3530388 3937578 4273444
3533014 3941481 273445 35314087
3535040 3955152 3274732
3545866 3973851 4277173
3563662 3982204 1280766
3575667 4000947 4281930
3579846 4006989 4283144 4
3581227 4013187 4284329 3
3507088 4035081 4287378 45 |
3600095 10392¢0 4288163 13
3606549 3099876 4290697 35
3612690 4107628 4299490 43
3617129 41085353 4302107 333 {
3627422 1110045 1309107 45
3627425 1113387 4320974 a5
3642373 4114257 4326303 56
3642375 4115004 7
3646468 4119930 }
3646469 4120547 :
o 3647303 4120588 43 i :
! 3649931 4123162 e $
1 3691477 4132482 a3 ]
] 3692385 4133612 45 !
* 3697181 4135823 Py ]
3714607 4138196 6 E
} 3715562 3141651
! 3721497 4152071 !
! 3741657 4152072 :
F
13.51.4  European Patent Specifications
EP.0U01553 0061360
0003086 0663977
07826 0069365
9007827 0069366 0096316
0021419 0069367 0100993
0026066 0074465 103080
0030891 0075013 0103683
0031274 0075707 0106573
0039180 0079268 0107373
0040004 0084055 0109393
0054821 0088823 0117268
0059634 0091550 0128230

* extensivepricr an
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13.52 Nuclear Gyroscopes (Magnetic induction gyro «copes)
{Nuclear magnetic resonance NMR.)

13321 Authors

Andrew ER.(1955)

Anon (1963)

Bl WE. BloomAL. {1957}

Béné G.T.(1965)

Benoit H.(1965)

Cabrera B.(1978)

Cagnaz 8.(1965)

Carver T.R. (1963)

Culver WH. (1962)

Erbeia A: (1965)

Falco CM.(1978)

Fishlock D. (1980)

Holcomb D.F. Norberg RE. (1935)

Hanuise G. (1965)

Harris RH. Mann B.E. (1578)

Herzog B. Hahn E L. (1956)

Hochstrasser G. (1965)

Josephson BD. (1962)

Kanegsberg E.(1978)

Lam LK. Prillips E. Kanegsberg E. Kamin GW. (1983)
Levinthal E.C. (1950)

Minneman M. c1al (1965)

Newton J.C.Jr. etal (1962)

Overhauser A.W. (1953) (re. Overhauser effect)
Pippard AB.(1977)

Pottz 8.P. Preston 1. (1981)

Republic Aviatic.: Corpn. (1962}
Seaneut WP. (1965)

Simpson J.H. (1964) (good bibliography}
Simpson JH. Fraser LT Guenwood LA. {1963}
Simpson J.H. Jr. (1965)

Souzade M. Salle F. (1965)

Verbrugee F.(1953)

Whitcomb E.W. (1964)

3532  G.B. Patent Specification

13523 US. Parenu Specifications

4225818
4403190
4406986
+414535
4430616
4446428
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13.53 8¢ -fugzand Flexure Hinges
13531  Bearings

13.53.4.1 Auiors

AusmanJ 3.1 (1957)

Bard D.O. (1960)

Heaicr B.H. (1975)

Beardmore G. (1985)
BenatiRJ.(194 1)

Bennett G8.1947)

Bicking RE.- 1971

Clayficld EJ. Galvin G.D. (1968-69)
Dewar D.M. Csoke D.E. (1976)
Drew T.A. Camneghie J.A. (1968)
FLAT.(i939-1946)

Ford G.W.K. Harris D.M. Pautall D. (1957}
Forse R."V.E. Paticron A.G. {1963-65)
Fuller DD, 111 (1958) (1969)
Grassam N.S. Powell LW. (1464)
Gu. A {1975)

Haeuesermann W. (1953)
Hinterstann rLE. (1978)

Holmes J. (1564-65)

Hughes W F. Elce R.A. (196%]
Keating W.H. Fan. CH.T. (1968)
Laub JH. McGinnoss HD. (1961)
Lebedev NLAL (1978)

Miurz H. (1969)

Pantercen AG. (19635 {1968)
Peters A. Sciulle EB.(1551)
Poubeau P C.(1977)

Prentis JM.{1971)
RoodL.(1971)

Rothe H.C. (1959;

Sraw M.C. Strang C.D. (1948)
Sitsh D. (1976)

Studer F.A.(1972)

Taiyu GZh.(1971)

Troeger H. (1962)

Van Dijk GH M. (1972
Voronkov V S, Pozdeev Q.D. (1987)
Unterberger R.{1974)

Zedekar 5 L. (1963)

Zburavlev UF.(1973)

Zhauravicy V.F. Lapin A.A. (1€79)

1233.1.2 G B. Poteni Specifications

139474 v21018 734851
177774 622125 740339
331030 622270 730358
376320 G24078 740785
368283 623519 74079
474629 630567 741773
432215 64C502 745653
497707 663437 47

504912 566432 74801v
512355 654667 74819
542456 684668 752828
542613 636862 757125
347208 695671 78aa67
54%312 706434 784693
352550 70896% 795019
754820 717349 310279
“92568 719957 31LZ80
606334 729008 835639

609478 733673 853207

854508
884061
886391
915918
929258
9313¢3
950694
954454
85057
53175
984146
485465
989739
994701
1010343
1011413
1018679
1047833
1051022
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1058251
1061282
1066914
1069504
1078289
1103490
1141039
1153923

1154253
1156364
1197446
1258741
1264015
1259452
1310523
1310524

23.53.1.3 US. Patent Specijicatinrs

64887¢

241612

1136666
1226382
1294697
1336029
1552483
1600871
1729754
1843868
1845592
1978425
1986807
2048834
2091888
2133809
2159024
2244603
2276634
2214343
2330729
2334092
2410622
2417066
2417081
2311612
2518159
2577942
2696447
2620668
2649808
2735731
2752684

2760376
2785573
2793028
2797580
2752684
2760376
1785573
2793028
2797380
2871706
2915962
2919583
2919585
2930322
2940318
2944435
2959059
2960872
2969680
2999715
2992562
2993631
3002392
3046794
307358+
3077785
3080762
3131538
2132315
2142189
3194051
3266652
3225606

13.85.14 German Patent Specifications

1497256
2337844
2649182
2734058

13.53.1.5 French Patex Spesificaiion

2329890
13.53.2  Flexure Hinges
13.53.2.1 Aumors

Beardinore G.{1985)
Eastiman F.3. (1937}
Geary ME.(1977;
Haberland R. (1977 1973)
Wittrick W.H. (1948)

*Matbematical dissertation

1310525
1316526
1224504
1354176
1357020
1410219
1432889
1285290

3233467
3237457
3238790
3247725
3257854
3264880
3269394
3315533
3319473
33266053
3334949*
3336810
3336811
3339420
3339421
2354721
3356425
3358514
336909906
3362233
2362234
3365958
3451289
3452608
3482454
2487701
3489016
3515006
3812419
3526142
3522737
3530728
3534611

1538805
1545774
1562118
1572642
2063471
2064020
2093183

353732+
3538776

3540294
3543301

3576133
3585866
3606793
3662609
3677097
3684678
3703333

3765231

3722298
3722296
3722297
3802275
3803924
3877317
3878739
3886803
3908470
3682441
3985034
4000660
4043514
4100813
4114960
4157445
4380355
4466299
45170507
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Ww*—w—m&—"w -~ v, ‘w—w——mﬂl—ﬂ(—mm—w‘




-

X
= ; o R ;
455323 G.B. Patent Spe.ificziions :

959258 1152587 1315432 1545774

. 1058780 1230676 1348618 1582857
{ 1031839 1245146 1364757 2036311 b
: 1103490 1274599 1378946 2043723 g

1142846 12841395 1514227 2046905

: 1142847 1289090 1514228 2063471

1148582 1304571 1538893 2067654

[ : 1159532 1304751 1541330 2163849

o

235224 US. Patens Specifications

30290 3353412 3618403 1147063

1 76187 3354726 3666502 4197765
4 13v3845 2365960 3677697 4202089
y 1891619 3373617 3A787.4 4207668
3 1913886 3413858 2700289 4217787
2238280 342703 3760290 4252917
2517612 3452608 3700297 1263211
2606447 3453894 3709045 4266431
) 2735731 3483760 $722206 4269072
2793028 3498144 3748912 4270792
2797580 2512419 3734475 4276393
2893247 3515006 3762226 A285248
290906 3515034 3832006 428637C
29AG362 3527062 3850365 4207833
2095938 3529477 2943778+ 4297904
3002392 3534616 3074701 4326428

3063679 3538776 3087535 4332365 X
3074682 1430283 4009659 4336967
3077785 3543301 4002078 4357837
3081552 3544175 4035371 4380108
31196C7 3,50395 4062600 4386535
3165945 35357629 4077236 4395922
3176523 3575475 4082005 4357185
' 3211011 3576133 410812 4454777
3264880 3584513 4114402 4464942
3290049 3535866 2122589 44359778
3301073 3610051 3126046 4592242
3307411 3613457 4143451 4596158

13.53.25 Germar Pate.:t Specifications

2525530
2544580
2653427
2714085
2751034
2818106

13.53.2.6 Russian Patert Specificattons

307775
657246

13.53.2.7 European Patent Specification;
EP.00033<7

. "'W- AWW.«M g — . g, xS o Y

13.53.28 Interraticnal Paten: Specification

W075/01161

13.53.29 Pelgian Fatent Specificction =

f - 628098 =

*Contains extensive list of pricran.
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13.54 Mouniings Cardan Suspensions (Gimbals) Cagings (Suspensions Generally)
13.54.1  Authors

Bogatskaya L.G. etal (1971)

Bogeyavienskii A.A.(1574)

Borzov V.I. & Samartseva E.V.(1974)

Bo.zov VI (19593 (1971)

Bryuno A.D. (1972)

Cardan J. (1663)

Chetaer N.G. (1958)

Filippova L.O.{1976)

Crishin A.S.{1966)

{shisnski} Alv, viii (1965)

Ishtinskii A.Yu, (1966)

: Khatamev $.4.i1 (1961)

Klimov .M. Potapenko V.A. (1966)
Klimov DM, Rabinovich Yul. (1974)

Klimov D.M. Rogacheva LN, Filippov V.A. (1972)

Klimov D.M. Stepanenko N.P. (1967)

Kothlyakov V.N. (1985}

= Kuz'mina R.P. (1975)

; Kuz'mina R.P. etal (1969)

Laufer B.(1916)

i.cimanis E. (1965) (sce p 239-256)

Luntsla.ii (1959)

Meunder L. (1963)

Magnus K. (1955)

Needham J. (1965)

Nikolai E.L.1iv v (1939) (1964)

Pham Huen (196€)

: Prentis JM. (1961)

Pavlov V.A.i (1961)

- Pavlovskii ME. et al (1967)

- Rudenko V.M.(1978)

Samsonov V.A. (1979)

Sachkov G.P.(1978)

Shatalov M.Yu. (1981)

Sinitsyn LN. (1976)

Smolitskii Kh.L. (1966)

Tereshin V.G. (1979)

Trayner B.T. (1964) (Review article with 3 references)

Vreeland TJr. (1979)

Zhuravlev V.F. Wimov D.M. (1975)

b gy O 8 I I R,

o p g

13.54.2 G B. Patent Specifications

1

2013501912 810280 942826 1545774
101367 811609 954464 1564105
422862 840370 984416 2046905
564783 840595 1058780 2088553
568614 858005 1378946 2106245
640631 895375 1486189 2107056
790175 600138 1496405 2123302
794236 901756 1520139 2135775
819279 915918 1522138
Ccgings B
419816 635126 785126 952219
571664 084668 796050 976669
573716 701385 857552 1020200 E
578604 716779 857553 1068371 E
579874 729946 866405 1078289
582540 761521 878891 1092344
585907 765313 §78894 1104951
591722 776845 885085 1115316
622270 776610 886728 1115832
631329 777973 921740 1244549
Eorw. g e e T e e _ _ =
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1378546
1539082
1349777
1496405

Gimbal or casing follew-up arrangem-ents ~ damping oscillation

9737-1911
2735-1914
10095-1914
14486-1914
22379-1914
565-1915
3318-1915
16098-1815
107572
110369
123096
125660
125791
127055
120724
139056
145465
146374
153588
164396
177153
179918
188390
217405
229869
246741
265042
292651
316380
331627
340327
346466
353296
371235
373832
376320
379134
IR2782
422116
425890
457483
479279
482215
488601
497584
501545
522084
523947

530222
530549
535966
549041
549944
553344
553730
587631
58771¢
587897
601447
604208
612371
521836
G25869
626633
627291
6350152
638714
640362
443785
545704
634041
657559
65747

670683
677306
680944
682508
683667
684068
657135
€98031
698032
707518
712993
713511
716871
719957
722497
741960
751142
753127
753449
760251
765675
767069
77284¢

784576
789556
797929
798989
792107
807292
815556
821748
825927
825920
840395
845508
856374
872777
874783
475753
£78029
879683
385303
825063
886291
889835
55064
895275
898595
900138
911913
914128
918197
918524
923306
924214
932173
933251
935905
914325
947522
260437
964643
972762
973122
978029
983658
987921
1008232
1013725
1021801
1039796

Mountings and su.pensions or rotor or roior casizig -liguid buayancy

10440-1511
26160-1913
108677
132815
132839
; 146372
147062
148274
148965
148947

148989
150457
167503
127985
1€3397
20G57¢
290790
309924
331572
352335

367692
448031
682908
713511
722492
710349
740350
746796
753127
753449

Lol el cauaac Jau gt & ettt badan )

1032473
1037106
1040004
1054238
1056528
1056624
1068426
1069456
10£3498
108653y
1092997
1095131
1195217
1097682
1101956
1108331
1144880
1152447
1152565
1152587
1157966
1159770
1171719
1172441
1173847
1175863
1189631
1196170
1207660
1239176
3254385
1264015
1264285
1284206
1315119
1330550
1358258
1385082
1396163
1410895
1425092
1488951
1525116
1580092
2005411

762301
762346
762750
772432
772433
721556
798C8S
798107
812875
515556

Pl *
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.
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820480
825917
825918
826418
826419
826420
830395
845808
847378
852562
8545066
854507
854508
856374
867867
367868
878029
878939
879683
885308
$86063
886391
889385

01 i o

oy

W

565-1915
117827
125628
125660
127007
127287
153588
167503
307619
333651

: 497033

497584
497707
518846
549041
553094
587719
591182
592645
600661
606334
606335
616374
617108

i 640631

666332
675048
677306
684667

11827-1915
320355
439630
598470
608851
617055
626634
626635
635192
645408

889864
893375
900138
911913
924744
926959
928487
931398
932173
933251
941317
941533
957195
958988
964648
971613
972762
973122
976517
977873
983658
985324
990701

686862
687135
713511
745653
772549
754576
810279
810230
812875
840370
857754
§79683
886391
889864
900138
911490
933251
959258
963446
964447
964648
972762
980529
1026570
1054238
1058780
1068371
1078289
1078356

734851
762301
762346
821416
821417
863456
863457
863458
921740
924093

992535

1013275
1015681
1025325
1026570
1037106
1037756
1047833
1048615
1054238
1056557
1064219
1069080
1069566
1072365
1074356
1081795
1083157
1084456
1095817
1102813
1117848
1121899

Mcuntings amd suspensions or rotor or rotor casing -resilient means

1078357
1078358
1084456
1093549
1093550
1101258
1101259
1103490
1111456
1132948
1142846
1142848
1148582
1150532
1152585
1152586
1152587
1155545
1160039
1175863
1189631
1195560
1227130
1239176
1245146
1258439
1269054
1274599
1280652

Mountings aid suspensions or rotor or rotgr casing -three ring systems

924744
935976
942826
950694
980529
985324
988089
997469
1009165
1032473

1129294
1129595
1132851
1141384
1150324
1167286
1183034
1186642
1203841
1207660
1244519
1280652
1349229
1357020
1396163
1410580
1410895
1456883
1505519
154204/5
1555286
1564686
1576631

1283118
1284195
1289000
1299822
1304571
1304751
1310525
1312294
1312295
1315432
1340462
1348618
1364757
1396163
1446112
1481839
1491953
1511430
1520139
1522138
1538069
1538805
1541330
1545774
1553488
1589789
1589790
2005411
2007840

1034314
1040392
1051905
1055338
1071371
1072365
1095131
1101934
1173564
1178703
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1183034
1213868
1263424
1330550

1396163
13989¢5
1398906
1405275

1410895
1484793
1521638

Mountings and suspensions or rotor or rotor casing -unclassified

9737-1911
15669-1911
22870-1911
26068-1913
14032-1915
101367
104191
123438
125628
127007
127055
127287
135500
139474
140142
141139
148966
149727
150452
160316
166868
175292
194714
210062
244843
306603
309150
309910
341519
344239
346466
351030
351672
365188
375278
378148
383164
387366
388283
401039
410839
427422
428533
460244
463332
463396
464263
466864
466865
474629
479279
483370
501856
504753
504913
505900
505501
509178
512355
522384
524017

544094
545694
549312
551823
553094
553730
578958
580248
587719
591882
600661
663450
636711
606334
606335
607349
607353
612723
618540
625288
625415
625869
626634
626635
630657
635192
640562
640631
649704
666432
677306
682908
684667
684668
687135
698032
706434
707446
707518
708873
713511
719957
723377
726627
726849
726850
729672
731737
732975
733058
733678
734851
740349
740350
740796
741773
748010
751142
752828
753127
753449

763750
772432
772433
772849
777973
784473
784576
784693
790019
791556
794236
797929
798089
798107
802776
804306
804372
807292
810279
810280
820480
825917
832480
836816
838383
846370
840395
840427
845308
846879
852562
854507
854508
858005
866473
871147
875754
878939
884061
886063
889864
895375
898593
900138
901220
902264
911490
911913
927112
931398
932173
937444
938705
941533
944828
947322
950694
955057
958988
959258
960437

963175

964648

971613

973629

978029

985324

986485

988898

989939

990701

992535

1008282
1009169
1010343
1011413
1017275
1015 81
1016260
1017590
1018679
1020200
1021650
1023903
1025325
1032473
1047833
1048615
1051905
1054238
1056557
1058291
1059300
1061282
1066914
1068371
1068426
1069594
1075277
1078771
1081795
1083157
1084280
1085498
1089070
1095519
1095817
1096831
1100524
1101258
1101259
1101956
1102813
1194525
1111374
1111676
1117848
1126611
1132779
1134273
1141039
1141335

e

e
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1144880
1152447
1153921
1154254
1156364
1159770
1160295
1160528
1167286
1172441
1175863
1178703
1181704
1183034
1184087
1197253
1197646
1198560
1202436

Mechanical caging devices

11459-1912
18859-1913
29010-1913
17895-1915
100393
102044
146372
166316
213791
218415
284505
366058
366764
379139
393354
411921
413715
416313
418377
419816
421079
425111
427422
434364
437861
451844
471217
474280
484775
491476
495431
96521
5043876
521160

hhte s

1205065
1207336
1213407
1224992
1227130
1239176
1234519
1259753
1264015
1264285
1270567
1271728
1273522
1274599
1275880
1280776
1284206
1284492
1299822

521913
524204
536495
537777
543455
543482
562688
564840
569160
571664
573710
577209
578604
579816
579874
582540
622185
623943
625415
631329
635126
635192
648492
655536
670983
692986
701385
716779
724428
726627
729518
729672
729946
761521

13543 U.S. Patent Specifications

1226882
1501886
1797913
2158180
2183312
2209735
2582788
2584472
2740299

2766625
2782642
2822695
2836981
2846885
2865205
2909064
2924978
2939322

R

1310525
1314304
1315119
1324438
1324504
1325152
1332911
1333529
1343690
1351873
1356667
1357020
1364757
1368037
1383348
1388082
1400488
1410219
1410580

765313
772005
776610
776845
777973
785126
791556
796850
807292
808829
832480
842715
843446
857552
857553
866400
872777
874101
878891
878894
885085
886063
886728
898804
898805
925441
928487
932173
941533
944658
947322
953586
976669
990701

2944425
2959059
2967430
2970480
2971383
2973649
2984113
2990718
2992562

1414297
1417585
1425092
1446112
1456883
1488951
1497065
1511430
1535174
1543630
1545116
1562118
1565135
1570304
1579920
2002116A

996283

1008282
1017590
1023903
1039695
1068371
1078771
1092344
1104525
1111676
1118509
1132779
1152447
1162616
1175863
1180546
1188067
1196401
1197646
1213407
1224992
1231069
1244549
iznygl7
1324504
1325152
1436941
1456883
1545116
1554204
1554205
1555286
2011671

2997885
3002392
3046795
313568

3186239
3216262
3246527
3248952
3252337
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3321980 3505881 3926060 4267737 N
3365958 3677098 3941001 4270393
3396586 3678764 4021716 4297904
3446080 3709045 4122689 4352540
3452608 3837229 4193308 4483207
3457793 3898884 4217789 4570507

Gyroscopes with caging or parking means

1075770 2393124 2741922 3020769
1186856 2406698 2786356 3039315
1404329 2419382 2787908 3046796
1451928 2422267 2790119 3110187
1704489 2423270 2795142 3111038
1717837 2441157 2799169 3114269
1788807 2441307 2808726 3115784
1800408 2457150 2808727 3172213
1851536 2459496 2815668 3174346
1896805 2459879 2826080 3229532
1918082 2468016 2841015 3132121
1955746 2491813 2841987 3250135
1959309 2507451 2842967 3272019
1982637 2519454 2846886 3283592
1988463 2523270 2867122 3292269
1996895 2524553 2872821 3322338
2001038 2527055 2874576 3430499
2005379 2555981 2874577 3455030
2018735 2556253 2879672 3457793
2091964 2564772 2884787 3473391
2105148 2567053 2887884 3474688
2133489 2580748 2889710 3477297
2139670 2585693 2891407 3508447
2162698 2591741 2898338 3522993
2178623 2625045 2907212 3526143
2182534 2636389 2919584 3528300
2190698 2641133 2919586 3534617
2202955 2645129 2921472 3610052
cY 2203708 2645942 2935942 3839916
22071717 2651205 2937531 3926060
2247142 2654254 2940319 3992955
2278913 2674891 2945648 4009848
2280116 2685206 2951375 4020701
2283720 2694314 2951378 4027540
2295158 2697354 2960874 4036453
2297274 2698542 2960875 4069990
2348603 2716344 2960877 4147066
2348731 2722124 2962901 4149418
2350769 2726550 2964951 4155521
2366721 2727393 2982138 4236414
2368221 2729978 2990719 4266431
2369845 2732719 2996521 4322984
2380538 2734279 2996922 4345485
2383663 2737052 3019662 4355540

} Gyroscopes with caging or parking means — rotor spin a.:d cage relecse ype

18168 983467 2415899 2924104
562235 1030134 2521379 2951378
607440 1077344 2715709 2960877
621364 1145025 2732721 2982140
661535 1153678 2769343 2986945
741683 1173435 2841987 2996922
768291 1185210 2846889 3010327
814969 1192468 2872822 3012439
818987 1291031 2887884 3017778
894838 1296137 2895338 3082¢30
k 925710 1296331 2911832 3086470

954634 1421854 2921472 3102430

P N

—————




3115784 3261214 3434354 3913876 :
3129594 3263508 3434355 3933096 :
3137966 3267748 3438269 3982441
3142184 3270568 3446082 3985034 :
3162053 3270985 3449960 3992953
3180223 3273406 3451289 3023769
3186241 3287982 3554466 4271709
3187588 3290787 3570282 4275604
3192777 3299717 3604277 33033063
3205719 3299718 3677098 4322084
3232121 3323379 3807239 4336614
3247726 3393569 3898889
Gyroscopes with caging or parking means and resetting means
1694192 2200976 2360935 2
1946657 2207850 2379869 3
1974220 2207875 2466342 35
F 1996896 2214538 2483826 3
2061894 2217255 2491204
2111388 2273309 2572827
2175143 2298626 2807165

Gyroscopes with gimbal lock preventing means

O g g

2158048 2493015 2802364
: 2195351 2512607 2816448
< 2366543 2561367 2846889
2367667 2584876 2609929
. 2368644 2588755 2934960
: 2390532 2595951 2978912
: 2409875 2649809 2983150
) 2339358 2655046 3004437
2450875 2677194 3029464
2452473 2747431 3069911
2460782 2752789 3675729
, - 13344  International Pater: Specification :
WwW07901161

13.55 Rotor Construction

13351  Authors

.
g

Beams LW. 1947
Conference on Scientific Aspects of High Speed Rotation {1975)
Henriot EJ.C. Huguenard E.A. (1925) (1975)
Laithwaite ER. v(1977)
Muller HH. (1976)
Ovcharova D.K. Golosholov E.G. (1971)

! Red WE. (1974)
SannR.L(1970)
Yarber G.W. et al (1966)
Zholdak SA. .
i3532  G.B. Patent Specifications
21271611910 513290 591598 ES
531401915 529751 611045 8
102044 531870 623943 868
123836 535160 729008 870604
141139 545397 733678 876433
146302 546152 740796 886305
405513 554199 764467 932173
464315 554594 754644 1017086
374202 569804 817570 1018679
503963 574110 §38383 1039593
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H
H

1069594 1265832 1386897 2070244

1078771 1284195 1417585 2049932

1126611 1337054 1522138 2135775

1152586 1349777 1565135 2166867

1152587 1352981 1562118

1156264 1353176 2007840

1264015 1362145 2025066

Rotor Construction

§379-1913 751018 1018509 1258439

11827-1913 764644 1018679 1264015

101367 784576 1023554 1274599

123438 734693 1024764 1277680

128345 790019 1039695 1283869

134234 802776 1056819 1284195

161133 825317 1058780 1284206

162604 832480 1059330 1304571

251389 836816 1061769 1308205

378148 842775 1066914 . 1310525

383164 868535 1069594 1312294

418377 870604 1073446 1312295

427422 571147 1074356 1314304

460244 874563 1078356 1315119

463332 875433 1078357 1315432

474020 884061 1078358 1318872

474629 §85303 1081795 1324458 4

479279 1083157 1324504

483370 1086539 1325152

490724 1093549 1330550

504963 1093550 1337054 J

509178 1095512 1340452

513290 1101258 1343690

530549 1101259 1349229

542618 1102813 1349322

542963 211450 1104525 1352981

536504 911913 1111374 1362149 4

547022 917452 1111456 1364657 }
- 247208 926100 1121117 1368037 )
} 554594 928487 1141039 1386897

554620 933251 1142846 1388082

569804 1342848 1410219

574848 1144880 1310580

578958 1146833 1417385

592568 1146582 1428092

599826 1150324 1446112

603038 1152585 1477603

603427 1155545 1488951

609476 364446 1156364 1491953

611045 964447 1159770 14970565

622185 964648 1160039 1506180

623943 971613 1160528 1511040

655536 971984 1163017 1511430

652528 973122 1168261 1522138

691546 97362 1179601 1525116

695671 934269 1180546 1538069

698031 986485 1184087 1538805

708969 987921 1188067 1541330

722492 : 1196401 1545116

732975 1 1197646 1553488

733058 3 1198560 1562118 -

733678 283 1202456 1565135

740349 1008765 1213407 1580092

740350 515 1219415 1589789 .

740785 60 121989¢ 1585790 P

140796 1017086 1231969 1605164 5 3

748198 1017390 1244519 <= oo >

g b
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Gyroscope apparatus constructional featres or details unclassified

[

5843-1911 671411 772432 1061256
19555-1912 680944 814914 1086299
20135-1912 692986 817570 1085070
12955-1914 623078 $38003 1095519
101225 623080 865642 1104951
129723 675048 §70604 1115832
148309 681926 886728 1126611
166907 682528 898595 1156364
179918 767660 898803 1160528
188390 708873 911913 1172341
341519 709997 926100 1130546
368310 716871 933251 1202456
428533 717322 938705 1254385
331439 732492 944828 1264285
444715 723377 945387 1269817
461257 724428 947322 1278794
504963 726896 953585 1280652
505152 729241 959238 1330550
568614 729672 986485 1349322
581891 731737 987921 1349777
591598 740349 1011413 1425092
602476 740350 1017590 1428908
622185 741960 1024625 1469123
: 622270 753258 1029012 1386189
! : 636545 764467 1054238 1497665
; 640562 765675 1056819 2007840
% 135353 US. Patent Specifications
: 1426336 3129593 3822602 4305304
1426339 3248652 3580606 4326889
2641132 3274666 3988347 4315389
2716893 3290948 3974701 4343203*
2771778 3505228 4281555 3464943
} 2919585 3529477 4283959 4521109
1 3043147 3719092 4299127 )
k - Rotwors
3229 128460 353349 640096
{ 3299 151310 379807 660679
; 12441 203623 352008 670385
17222 215805 202564 670388
f 22003 225068 315264 671160
4 23269 235876 322606 672267
24600 238838 226002 691491
{ 385025 245247 429804 694553
20011 246657 442570 697175
33466 248978 139572 703724
1 54220 252357 477324 705702
57348 271132 492654 717974
38923 283369 521768 746323
. 59032 386702 548131 747968
60125 259992 554138 748380
60221 299013 554577 753735
; 65420 300443 565378 762851
68530 302700 $73741 773097
79403 307975 577065 785127
94091 318094 583756 789205
99659 331920 590252 791033
105870 339376 390554 796893 = -
118022 341736 600446 798682 .
122502 342386 611719 798985 I -
128408 349547 636372 $20273
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803556 960277 1185192 1653856
804806 961740 1186856 1663814
807048 961877 1192381 1677030
15309 061878 1196537 1683954
837874 961879 1199165 1687513
843823 962158 1204839 1701274
843917 9635811 1220767 1703991
843615 976953 1227335 1706578
848140 978893 1227593 1722800
855812 986978 1235153 1729659
858711 596148 12390416 1734267
860335 997851 1242285 1765753
860505 998728 1248807 1767916
861022 998734 1253694 1789579
861658 999758 1255747 1798108
861687 1004607 1257371 1808568
853120 1005194 1264633 1808572
864013 1003316 1265747 1810538
864126 1008502 1265859 1811916
865953 1011577 1279529 1813957
567207 1012407 1281306 1817054
875095 1920226 1281725 1822826
882037 1020913 1285418 1843162
$87022 1021116 1295486 1844710
887825 1022881 1298545 1855570
850225 1025589 1310558 1874712
102568 1315041 1874713
1030993 1318302 1881234
1038239 1319040 1881393
1042853 1329348 1588027
1043022 1332966 1890550
1046034 1333135 1898290
1054339 1335754 1902505
1055643 1508625
1036872 1915150
1062370 1919961 }
. 1063432 1360216 1923611 1
: 1076219 1363473 1924385 . :#
1076614 1381353 19334356
! 1087935 1935980 !
1 9 1936737 1
91 1938152
915 1944776 E
917 1097902 1946725
9211 1101416 1960039 1
a2 1102116 1969755 y
1104530 1981167 s
1955762
1447390 1993010
1451818 20023561
1481390 2005941
g 1463109 2029318
1505080 2039843
g 1515785 2047420
33 1532062 2055179
93 1541311 2061261
9348 1543840 2061827
93 2063452
933 2063669
53 2070487
93954 2074822 =
2076438 )
2085230
2002159
2092185
1627963 2105742
1635268 2118390
1630201 2131469
1631934 2136312

wow




2704416
2716356
2719438
2721733
2723572
2730911 3365351
2734487 3368424
2738450 3382667
2745338 3385130
7747386 3412603
2757050 3424026
2764721 3435704
2773300 3439554
2794603 3455104
2804923 3476201
2813632 3479905
3485037
3470748
3493066
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3635320
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3662619
36653788
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3673506
3683216
3691313
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3 3859868
3 3862677
3866725
3867814
3871237
3882950
3884093
3885814
3885810
3918830
3937103
3949556
3955428
3960034
3961 -5
3964341
3965759
3970409
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4244240 4283966 4320389 43388977
4254668 4285254 4321042 4406121
4257220 42836133 4332163 44¢73¢2
4262552 4286475 4335627 4408500
4262340 4294343 341001 4410074
4266442 4385489 4342371 44111 i
427805 4310079 4343203 4413860
4270410 4317435 4346624 44153¢0
4281560 4324992 4345773 4420670
4282947 4325472 4359912 4422763
4282948 4326153 4370899
4283959 4326430 438103¥
13.552  Garman Patert Specifications

i q4

N LS
o Russian Patent Specificazions
484393
437906
23.55 6 Eurapecn Patent Specification
EP Q15707
13.55.7  International Patent Specijication
Wo £5/05055
13,26 Raior Driving Speed
£3.56.1  Aushors
Henriot E.1.<. and Huguenard E.A. i (1925)
Karelir. V.A. (1973)
Magnus K. iv (1940)
Martynenko Yu. G. (1973
Pickles .G, Beams JLW. {1935)
Roitenberg L. Ya. (1966)
T 2shou Li. Langman R.W. (1982)
Wippeli A.P.R. Maundes L. (1963)
13.56.2  G.B. Patent Specifications
581737 944658 2025066
717322 1290021 2928533
807065 13C: .05 2059635
836817 1325152 2137445
839770 1508376
872777 2012998
Rotur.  ngand speed con.rol arrangemer:s — air (or osher fluid) driving meuns
8302-1911 196296 361672 411921
6163-1913 213791 361836 413715
172°2-1913 218353 364625 416813
2670-1914 220726 365190 419816
5514-1913 231229 378148 422116
101367 2.-2993 382782 425899
123836 24,741 387366 425957
125628 261117 391111 431634
129307 274980 292163 434364
140142 28169-. 393354 440980
147271 306503 393695 453238
152008 340327 394412 457483
164396 351030 405513 460244
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462826
463332
464263
466865
471217
471537
474629
475321
476034
477012
479243
479279
495431
497655
501856
504876
504913
508213
509178
510789
511742
512353
521160
523947
525876
526360
528569
529751
530549
530582
535270
533346
538943
542963

Rotor driving and speed — control arraiigentenis — braking

134234
191410
457483
437589

Rotor driving and speed —~ control arrangemenis — electric driving means

26906-1911
8952-1912
11459-1912
17895-1915
101225
102044
110157
119511
128345
129724
130143
134234
140482
143969
146302
150452
153589
163315
164285
177153
179918
191407
206541
217405
247265

544094
545397
545694
547208
549105
549572
551245
552550
553094
553730
554164
554199
562886
564783
565246
5653514
565802
568692
569804
572201
574043
574110
574848
575281
579816
579822
579909
579991
581737
581891
591182
59140%
593768
399248

551245
556264
579822
729516

251389
259199
273952
290670
294693
309924
315966
316380
361836
364625
378148
383164
389819
405034
428533
434364
441439
448763
453744
460244
464315
471217
475097
476013
487589

599607
601964
606334
666595
607353
611004
617055
623078
6435408
584667
684668
729008
733678
764467
790019
796850
802776
832480
842775
866400
866916
871147
872777
874101
875754
884061
911490
925441
937444
944658
947103

- 964446

964447
978029

886063
659622
1580092

490724
497584
504963
317587
518817
518846
529751
53187¢
537778
539011
545694
546132
546507
553730
554594
554545
554596
554620
556244
558276
5£1018
568614
572213
575281
578958

984269

990701

1014325
1018679
1023903
1024764
1073914
1078771
1081795
1083157
1092997
1104525
1132779
1180546
1197646
1213407
1231669
1270567
1271728
1277680
1283869
1284206
1325152
1330550
1346558
1349229
1383348
1386897
1414297
1497065
1562118

581737
382301
591598
593753
601556
601964
603038
609476
619960
622183
623356
623634
623943
641360
643408
£7%768
682528
682908
686862
698031
708873
719957
722392
724428
726849
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1
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PR

74

726850
729008
729672
732975
733058
722148
740349
740350
740785
740796
741960
745010
143198
751013
752628
753258
756504
76121
762301
762346
763750
764467
764644
767069
772432
772433
778533
734576
791556
768107
798485
802776
804006
897292
811009
812875
815556
817570
$20480
825917
826418
826419
826420
838383
839770
840395
840427
845808
$47278
854506
857552
857553
868535
871004
874565
876433
878029

Rotor dreving and speed control arrengerents — unclassified

332-1912
3318-1915
100393
131992
155638
301278
416839
418377

R75804
§7893¢
270683
£840Ci
8€5303
$85746
885947
886063
286391
589664
352969
858595
{53804
960138
901220
©11355
911490
9119:3
617452
921562
926955
928487
931308
932173
923251
930622
941533
944828
945800
947322
950604
653585
657185
958988
960437
$63175
064643
971613
971984
973122
973629
986485
958898
989939
990933
996283
1010343
1010615
1016260
1021650
1026570
1029012
1037756
1042940
1048615
105191
1054238

581737
629305
637993
641360
656889
675348
682528
682908

1055334
1056557
1053291
155878¢
1061282
1064219
106914
1959594
1072365
1078356
1078357
1073358
1084250
108443C
1085468
1089079
4093549
1093550
1095519
1096832
1101258
1101559
1101956
1102813
1103490
1109615
1111374
1111156
1111676
1117848
1134273
1141384
1141385
1142977
1144880
1145795
1146833
1149068
1150324
1152447
1152585
1152586
1152587
1155545
1156364
1159770
1160039
1160295
1160528
1163017
1167286
1168261
1175863
1176228
1176735
1179601
1184087

686862
695671
698031
724428
729008
732975
733058
733678

1189631
1197646
1198560
1201828
1292456
1219415
1219890
1225074
1231069
123917€
1254385
1258439
1239753
1276567
1274599
1284195
1284492
1292287
1299822
1304571
1308205
1210325
1312294
1312295
1315119
1336556
1331130
1337054
1340462
1346553
1349229
1352981
1356667
1357020
1364757
1410580
1411201
1425092
1446112
1456883
147765
1488951
1505519
1511430
1520139
1530869
1545774
1553488
1554204
1554205
1555286
1365135
1589789
1589790
2002116
2005411

740796
741960
748198
751018
752828
756954
761521
764467
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764644 836817 1056528 1196401

: 772432 - -8383%3 1056819 1244519

: 772433 898804 1058780 1323458

-+ 778532 938705 1092344 1333529

_; : 790019 -987921 1142977 1349229

: 791556 990933 1145795 1349322 p
796850 1008765 1149068 1491953 :
798107 1016260 1159770 1508302 z
798485 1017086 1160528 1563686
§14519 1024764 1174463 1570304
§17570 1039695 1188067 1605164 -

13561  U.S. Patent Specifications

1301014 4266432
3276272 4267735
3931742 4269073
4240301 4274291
4258579 4460853

Multipie gyroscopes with roer drive.

238631 1603352 26038867 3055223
769493 1610853 2613538 3069912 )
7946354 1621815 2630015 3136164 -
807195 1639233 26341134 3176524
844837 1645079 2653481 3188870 -
865277 1635800 2685207 3192778
865278 1692412 2725750 3196694
940329 1713942 2835131 3204467
960838 1781746 2857767 3212342
1044022 1856436 2864017 3223513
1086242 1946657 2894396 3263507
118685€ 1999897 29128065 3276267
1226385 2104226 2928282 3282118
1253574 2109282 2341405 3283593
1253666 2176804 2948157 3327540
1273799 2256475 2949785 347612¢ -
1309489 2303799 2953926 2258579 .
: 1312085 2380941 2672892 4273291 R
: 1335053 2420674 2999391 4320669
1758514 2432430 3006581 4351194
i 1560428 2448905 3029647 4354395 .

1573028 2548974 3035477 4409856 :

- Gyroscope with rotor drive

24430 1048817 131898C 1597752 )
95644 1067808 1319323 1605289 )
442461 1975770 1359333 1610930
462512 1096253 1382372 1617309
505375 1112997 1385423 1629577
557300 1137234 1407491 1630394
591768 1143975 1410931 1640549
596231 1145025 1416038 1651845
617665 1146183 1420577 1653660
; 654882 1148154 1431140 1704575
698286 EZGQISS 1440822 1718539
1175827 1464576 1764714
705702 1192468 1469094 1778734
E‘;;ggg 1192532 1486261 1791755
791962 1223014 1495769 1794745
884975 1236504 1499602 1802108
94252 1279471 1510487 1810646
993819 1286395 1511240 1825203 .
1021116 1289170 1554732 1857736
1025747 1208664 1558720 1861692
1033994 1309636 1558721 1364801
1033995 1311509 1558722 1870085
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1890831
1894038
1924816
1932412
1940622
1954993
1957 W
197. 2
1975740
1978425
1982635
1682636
1922637
1984859
1986807
19874835
1987763
1989826
2035112
2009263
2011453
2018735
2025194
2031286
2036288
2044183
2846735
2047186
2053183
2054655
2361263
2075797
2078724
2080490
208689¢
2086897
2087961
2089593
2102538
2106194
2124817
2120818
2133809
2135229
2127540
2138521
2142018
2157360
2161241
2163528
2176804
2180043
2181250
2193531
2198023
2207717
2208666
2209735
2219243
2247142
2249744
2253005
2272986
2273309
2292090
2293311
2293707
2308234
2311652

2315019
2325520
2328744
2324249
2335106
2338098
2344112
2345915
2353180
2357381
2358927
2364810
2366707
2367667
23788358
2380578
2382135
2382957
2384838
2386686
2393473
2395447
2399539
2412173
2412481
2413285
2416300
2422120
2423269
2423270
2426554
2427549
2434488
2438621
2436358
2445388
2466302
2474072
2504166
2524553
2524756
2534824
2539363
2547968
2567948
2588607
2589873
2589874
2595268
2605641
2607231
2608869
2609693
2615961
2641134
2649508
2652778
2666276
2686474
2688805
2691306
2698542
2700829
2708369
2715709
2716943
2720602
2727393
2729106

S = & = I

2731336
2737815
2741922
2743576
2778227
2780940
2786357
2801543
2809827
2815584
2819053
2822694
2829523
2239934
2841017
285G9505
2852942
2850142
2857122
2857534
2859625
2859626
2871705
2871296
2872872
2874576
2874643
2380616
2891407
2898552
2898765
2899945
2902863
2011832
2918869
2019585
2921472
2928960
2930240
2936711
2937804
2942479
2947178
2948156
2943784
2953925
2960873
2960876
2960877
2963912
2964953
2969682
2971384
2078913
2979707
2981061
2982139
2982140
2985022
2995938
2955939
2996922
2997886
3019555
3019662
3025708
3026731
3027471
3043635

R e Dttt el b il )

3034309
3055635
3060751
3071011
3074283
3077672
3078728
3080763
3086400
3094878
3097535
3102430
3105657
3107540
3115784
31293061
3133213
3137966
3140833
3142182
3142183
3142184
3145433
3157053
31606018
3162053
3162951
3165972
3174346
3176324
3180223
3183725
3186241
3187587
3187588
3192777
3192778
3200748
3203268
3209602
3214982
3225609
32246532
32326985
3232121
3233467
3238432
3238792
3240075
3242743
3241955
3252340
3254538
3257832
3260122
3261213
3262324
3263507
3264881
3264882
3267747
3267748
3273404
3273405
3273406
3274837
3276267
3276270
3276272
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3280643
3283594
3287952
3295379
3299716
3299717
3299718
3301069
3301073
3303706
330993t
3211326
3313162
3320816
3323374
3323376
3323379
3324731
3324417
3339420
3339421
3344676
3354726
33571242
3358514
3359806
3363472
3365958
3365961
3373499
3393569
3412618
3420111
3434354
3434355
3442143

13.57 Rotor or Casing, Pendulous when Stati

13.57.1  Authors

No Entries

2446081
3446082
3449962
3449963
3451274
3475975
3477298
3496780
3499333
3503269
3511101
3512020
3516280
3517562
3522737
3526143
3528300
3534617
3535941
3540295
3545287
3570282
3596523
3603161
3604277
3606793
3611815
3625070
3664199
3670585
3672235
3301073
3673875
3677098
3702569
3703831

- F T

- = = & - =

3706231
3719092
3722295
3722297
3726146
3727366
3738179
3747417
3753374
3763708
3765250
3789677
3807238
3807239
3823990
3824865
3849896
3854341
3862732
3877317
3878730
3886803
3898668
3898389
35902374
3906804
3908470
3915416
3926060
3931742
3974702
3982441
3985034
4000660
4003265
4021716

Y. Non-Pendulous when Rotating

13.57.2  G.B. Patent Specifications

511742
542565
549944
556264
582301
655536

682528
707660
733678
944828
950694
996283

13.58 Two or More Rotorsina Single Gimbal Frame

13581  Authors

No Entries

13582 G.B. Patent Specifications

10440-1911
26906-1911
5963-1913
11827-1915
13280-1915
16098-1915
100490
107572

108149
110369
112636
114441
127830
1319%0
132816
132839

135871
137639
141139

148989
160868

4024769
4030371
4036453
4043205
4147066
4155521
4169391
4129948
+199329
4214482
4240301
4246801
4257280
4258579
4264852
4266432
4267735
4269073
4271709
4274291
4280366
4281555
4283959
4297883
4305304
4320669
4332365
4346614
4351194
4354393
4357837
4366615
4380108

161595
166800
179918
186635
187985
209052
221004
221200
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274268
290670
291047
308584
315966
322098
331956
351030
371235
379134
382343
435353
439630
444715
462826
511742
539011
544094
13583

796893

874255

1016240
1050153
1066860
1083370
1150311
1232619
1236993
1309591
1308592
1310862
1310862
1324477
1324478
1330503
1363861
1368226
1429588
1442799
1446348
1432482
1465532
1501886
1529720
1545812
1548442
1573343
1612405
1655247
1687970
1732677
1735058
1801329
1801948
1869840
1930082
1931191
1932210
1947562
1950517
1964869
1973042
1988458
2008058
2137974
2158181
2162482

544786
546329
549312
559895
579991
627123
630657
637993
657668
657670
663437
706434
713511
732975
733058
740796
769247
791556

U.S. Patent Specifications

2188606
2190390
2242806
2302894
2315500
2320354
2342655
2350303
2371368
2381160
2395250
2403658
2409875
2412614
2414291
2419948
2432613
2441556
2478839
2505021
2507451
2512279
2517612
2539772
2550220
2559094
2566305
2577313
2586469
2591697
2592643
2603003
2606448
2608867
2620669
2630017
2631455
2637914
2643547
2667705
2707400
2713134
2728979
2729107
2729108
2732720
2734280
2752792

807292
811009
820480
826418
826419
839024
854360
854506
866916
868535
876433
884061
895999
918524
924093
933976
941533
942826

2752793
2758478
2762123
2770452
2771779
2786357
2801544
2811043
2811047
2811785
2821087
2845800
2846889
2848898
2865207
2871703
2871707
2879670
2883863
2886897
2889710
2893248
2898766
2899882
2900824
2996128
2912865
2935942
2936627
2944426
2946539
2948157
2949780
2949785
2953858
2953926
2954700
2955474
2958522
2959059
2960878
2961877
2963242
2963243
2966063
2969681
2970382
2977806

957196

972762

980529

1018679
1034314
1050530
1071371
1173564
1263424
1299822
1425092
1428908
1484793
1521638
1564686

2985023
2986944
2989672
2995318
2996923
2999390
3001408
3004437
3005352
3020537
3023617
3029646
3039316
3048352
3050995
3052129
3056303
3068706
3069912
3071012
3071977
3075393
3075729
3078727
3104545
3122842
3127774
3131569
3142994
3143892
3143893
3158340
3162052
3163039
3164340
3165927
3192778
3193216
3214983
3220266
3226986
3229533
3229534
3230779
3232122
3238793
3238794
3238795
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3242744 3335614 3492735 3762062

3258977 3349630 3493194 3784363

3264883 3352164 3496781 3790766

3266325 3355953 3498476 3805625

3269024 3355954 3509765 3811329

3269195 3377854 3517563 3918309

3272017 3398586 3531998 3931747

3272018 3404571 3540289 3979090

3277728 3424010 3548507 4020702

l 3280644 3424401 3552216 4021716

3282118 3428789 3562662 4094200

¥ 3282119 3438208 3575093 4125017

3285077 3439548 3584513 4152942

3296872 3451275 3597598 4179818

3296873 3452948 3612160 4180916

3304788 3455172 3616699 4193308

330867u 3456512 3638502 4258578

£ 3310986 3436513 3640137 4275605

: 3318161 3476129 3648525 4280188

i 3320819 3477298 3691853 4292854

3323380 3481208 3701200 4361055

; 3327539 3483760 3739646 4387513

33299028 3489004 3741500 4399714
3329375 3490281 : 3742770

13.59 Damping Oscillations
13.59.1  Authors

Bloch A. (1964-65)

Carricr G.F. Miles J.W. (1960/63)
Filatov V.V.(1973)

Kiimov D.M. (1958)

Letova T.A.(1965)

Parks R. Maunder L. (1961)
Potapov A.A.(1969)

Sergeev S.I. (1966)

Sneddon LN. (1976) see p. 521

.
o . p————— 0 AT TP oy T B

13.59.2  G.B. Patenis Specifications

340327 612571 918197 1280776
425890 845808 923406 1557528
488601 856374 1096170 2005411
549041 873544 1171719
587714 889385 1254385

13.59.3  U.S. Patent Specifications

AW—M«MQW -

RE 24741 1773412 3328744 2512902
RE 24829 1866706 2349287 2515274 :
944511 1988591 2365727 2518632 :
141099 2013109 2380079 2519459 :
; 1162125 2025423 2389775 2520929
: 1183530 2025640 2395940 2534963
: 1183745 2046723 2304172 2537844
i 1308693 2100833 2411550 2544767
t 1309409 2158048 2412453 2569311
s 1330501 2190698 3417282 2584222
1407320 2226902 2426213 2585024
1586070 3236340 2432430 2592092
1642087 2242253 2457150 2595268
1655247 2246738 2457228 2599530
1685762 2357730 2464516 2602239 3
1686524 2279625 2466340 2612692
1713942 2291612 2510068 2625825
1730967 2299663 2512342 2662513

1751110 2303453 2212746 2662514

o

P

W
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2667078 2945380 3237459 3548664
2672054 2948155 3230075 3564931
2690014 2951373 3241376 3577646
2693723 2951374 3249321 3582019
2699846 2951375 3250136 3588001
2709921 2952337 5252339 3591108
2712757 2955471 3257853 3592066
271819 2955472 3258976 6359
2718758 2968953 3260123 gggsggs
2729984 2982139 3261212 3597983
2734384 2983151 3276268 3608383
2752684 2984114 3286109 3618403
2752791 2084727 3296873 3637169
2754501 2995940 3303707 3653267
2766626 3031892 3310987 2662609
2766627 3037150 3311326 3685770
2780940 3060752 3313163 3716206
2795957 3070192 3324732 3728900
2797581 3071011 3330520 3730457
2802279 3074283 3336812 3784363
2805578 3075393 3310755 3786685
2822694 3079803 3347104 3806062
2825228 3093205 3352163 3877316
2829521 3113594 3353414 3877462
2834213 3115326 3353415 3890718
2836070 3123330 3355943 1043205
2837923 3131903 3396587 4095484
2839932 3132523 3397851 1099696
2839933 3132524 3403191 4126046
2846888 3134265 3406575 4144769
2851886 3136163 3406576 4159502
2852941 3142181 3415479 4161237
2859624 3156121 3417474 4189947
2864256 3162396 3420110 4193308
2865206 2166942 3426980 4198863
2876643 3167966 3430276 1222278
2881868 3172213 3442142 4236414
2887885 3176800 3443321 4240302
2896455 2183724 3464290 4242917
2898538 3186240 3479888 4246801
2899828 3203259 3496202 4255979
2900823 3212344 2497164 4266431
2601703 3214980 3511452 4270393
2902863 3220265 3515007 4352481
2919585 3222936 3523458 4355540
2932546 3222937 3526144 4375726
2937532 3232635 3535941

2937533 3236108 3540294

13504  European Patent Specification

EP 0122745

13.60 Datum and Scale Indicators
1360.1  Authors

No Entries

1360.2  G.B. Patent Specifications

793173
795053
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Dawn and Se

9737-1911 397654
15669-1911 105034
19162-1913 411921
9351-1914 413715
24847-1914 414903
5377-1913 415277
106170 416813
120942 417185
123438 418377
125096 419816
125628 421079
127007 422116
127287 425111
127703 325890
127830 426185
128345 433355
129724 437791
130143 441130
13199¢ 442991
133714 445586
134233 433238
139474 455514
139771 457483
140142 161257
140482 462826
142261 463332
132894 464193
145432 71093
145460 471217
146372 471895
150452 473148
151154 73688
155030 474629
159604 475321
160316 479279
164396 485043
179918 186315
186159 489232
187985 494359
19167¢6

196296

196831

213751

217405

218933

239043

246741

248583

281694

292051

264691

301278

301371

309130

328504

331627

341519

345127

349026

351672

3559073 55
361836 33
382782 55
390410

391111

393355

393693

ale Indicators (Indicating means inciuding optical painters}

565802
566823
572213
573251
574043
578958
579991
580248
582541
583068
583366
590496
591182
591400
592500
503963
595950
599249
599605
599607
599665
603208
603058
607349
6087582
608851
609909
612388
61257:
616374
617108
619939
619945
619960
622185
623078
624364

S ]
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718484
726627
731737
733678
734148
737236
751018
751148
760251
769442
777698
790019
802776
803947
806057
35650
840427
865344
876865
883946
885947
886063
892453
960933
947322
985324
990701
990740
996283
1n08282
1009169
1014325
1016260
1017590
1018679
1026570
1432473
1034135
1037105
10505830
1068426
1069566
1072365

1347785
1270567
1278794
1384700
13061781
1323864
1396163
1410895
1411204
1477603
1503319
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1564686
1579920

13.60.3  U.S. Patent Specifications

3301074
3371542
4553440

13.61 Correct Operation and Understanding Ervors

13611  Auwhors

Blokhin AN. Saprykin A.P. (1978}

Bachkalo B.A. (1974)

Crawley J Maunder L (1964)

Chelpanov LB. (1973)

Forder P.W. (1985) (relativistic effects)

Getmanov V.G. (1978)
Gilstad D.W. (1973)
Goodstein R. (1959

Gubbins H.L. Barkel D.J.(1973)

Hunz 1.C.(1983)
Joos DX.(1978)

Kostrov A.V. Rivkin $.5. (1969}

Krogmann U. (1978)
LuntsIa.L.i(1969)
Magnus K. x (1959)
Odintsov A.A. 111 (1974)
Ogawa K. etal (1973)
Pavlov V.A.(1961)
Paviovskii M.A. iii

Pavlovskii M.A. Petrenke V.E. (1980)

Paviovskii M.A. Zbrutskii A.V. (1976) (1978)

Potter JE. (1973)
Prentis J.M. {1951)
Read RS.(1963)

Roitenberg E. Ya. v (1960 vii (196¢)

Scheiman G.E. (1969)
SchulizP. (1976)

Terckil “Thatvani L. (1982)
Vlasov Yu. B.(1974)

13.61.2  G.B. Patent Specifications

687135
717322
723377
778533
798485
804006
810279
820480
844948
857552
865642
374101

KRR
(g o bt L

957163
964648
983658
1019720

Devices Indicating Correct Operation

130095
131992
133714
141139
143969
152008
419816
530582

729518

1629012
1057743
1061769
1066914
1075221
1081505
1089070
1026831
1179324
$2¢ 2287
1299031
1308205

731737
745186
751403
761521
831336
860171
944828
954312

1331150
1339683
1346558
1425854
1508376
1511430
1553488
1557528
2914309
2019617
2113430

964648

1061769
1092162
1092344
1696831
1097682
1103621
1134273

NIRRT
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1136833 1308205
1173564 1346558
1176228
1176735
b 1292287
13613 U.S. Pateru Specifications
3358411 4088031 4269073
3540294 3126046 4274387
3731543 4189947 4351194
3965753 4266332 4354393
4 ] 4026160 4267735
13614  Gennan Patent Specifications
2363525
2366101
: 2527464
%
1361.53  Russian Patent Specificaticns
342375
532052
1 334015
% 13.61.6 European Patent Specification
4 EP.0127543
13.62 Pick-off Devices
13.62.1  Authors
{ Monopoli RV.(1961)
p Vyce JR.{1965)
1 ;
’ 13622 G.B. Patent Specifications :
560472 879533 1069080 1386189 1
591022 827112 1086539 1526139 ;4
599826 938705 1104525 1564105
612507 930790 1150134 20515158
743251 953407 1152585 2079933
751018 971613 1312294 2113330
793649 980287 1314304 2176283
841943 988598 1364055
867866 1047999 1399607

13623  U.S. Paremt Specifications

2200431 3045197 3507239

2381645 3078729 3811328

2490735 3097299 3813949

2737054 3154952 3905244

2805677 3252338 3918310

2856778 3320816 3915019

2625590 3608383 4068533

2986944 3779087 4074580

Gyroscope with Pick-off

1236993 1419010 1621835 1959143
1295003 1446280 1639233 1939804
1318196 1500860 1745990 1982442
1324477 1529720 1801609 1992086
1335055 1592081 1860230 1998948

1392378 159788 1900709 1999646




: 2008058 2553268 2951378 3429150 .
2041526 2562690 2956436 3438276
2089987 2602239 2968957 3442143
2103741 2605268 3005351 3444744
- 2115578 2520570 3045157 3452444
2137974 2633028 3058358 345260.
2162482 2641134 3122937 3356511
2183133 2644901 3123818 3456512
2195351 2690014 3125886 3463016
. 2200431 2691306 3142993 3169458
2228367 2697218 3149276 3370751
2237077 2704457 3162804 3475971
2320354 2709922 3177727 3477298
2343071 2712757 3194079 3479889
2361458 2713727 3198021 3481207
2363495 271578¢ 3209602 3489017
2381160 2722125 3218872 3498142
2382993 2 3222552 3505882
2385203 3224281 3500779
2386176 3226711 3512264
2389158 3239573 3517562
2393473 3241377 3522395
2401337 3250137 3526143
2403874 3252340 3527108
2407657 325897¢ 3533297
2409634 3260122 3540289
2414102 1213 3540293
2416646 3561129
2417689 3587330
2421247 3610051
2425733 : 3611785
2429612 3279263 3613457
2434488 3283076 3614895
2440189 3286533 3657918
2440713 3295379 3702078
2450874 3307412 3722297
. 2456619 3307313 3732739
2461521 3311326 3741020
1 2463095 3313162 3782205
¥ 2463498 2881518 3319474 3787100
2465311 2893247 3.24731 3790235
E 2478956 2904911 3338105 3813946
2480574 2928667 3345520 3815428
F 2484022 2929250 3347105 3883758
{ 2485953 2933925 3365961 3883957
3 2488734 2942475 3377872 3968352
2501885 2948155 3379589 4111562
2511178 2949784 3412472 4189946
2537834 2951376 3425015 4258577
2539772 2951377 3425283
A Optical Pick-off
B Pneumasic Pick-off
C Conduciing Liquid Pick-off
D Electrical Pick-off
E Elecirical and Magnetic Pick-off
A
1972882 2954700 3228628 3328595
1999646 2559060 3238791 3355953
2200451 2968934 3254537 3367194
2392473 3671676 3270567 3373616
2470773 3084560 3277304 3415126
2512598 3097249 3292439 3417627 .
2534824 3142183 3301071 3422686 +
2856238 3154953 3304788 3439170 .
2856778 3230510 3313161 3439547 .3
2942479 3205718 3323375 3442144 Yi. 3
2948813 3226982 3323377 3449961 .
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2464592
2472824
2477574
2479122

2434022

3585877
3392066
3596523
3603161
3628388
3703832
3798976

2709921
2852912
2871704
2960873
3021714
3139758
3165282
31873588
3250497
3265335
3267747
3276270

2302918
2823228
2825789
2834214
2834215
2841016
2868023

2677514
2701875
2703935
2707301
2715709
2723813
2746301
2752791
2766627
2785573
2790119
2794345
2804776
2810843
2817240
2822695
2829522
3837924
2852943
2856779
2879667
2887636
2893246
2894393
28954

3813949
3877317
3905244
3915019
3923475
3027530
4036353

3354727
3362233
3362234
3382726
3336293
3410143
3416378
3435688
3446082
3351289
3463600
3485106
3486384
3492879
3509778
3577788

2871703
2947177
2953027
2973413

3225608

2009831
2911832
2919585
2925590

2948156
2951326
2951373
2951374
2055473
2664952
2973650
2976736
2978622
2982139
3991659
3952832
3058359
3060752
3078728
3078729

28

3135121
3147627

3
3747318

32408

3231389
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3327541 : 3505823 3882731 4098564 .
3350947 3522736 3883958 4111067
3354726 - 3524356 3886805 4121143
3359805 3524357 3891285 41434656
3359806 3526145 3902376 4150579
3363169 3545287 3906804 4158312
3375722 3557629 3908470 4170904
3394597 3559492 3918310 3179087
3413855 3608383 3933051 4217787
3430500 3664199 3035644 4255978
3434353 3670578 3951000 4258577
3439546 3670585 3954026 4267737
3439556 3675764 3955428 4281555
3440889 3779087 4019392 4320669
3444745 3787756 4061043 4329886
3482455 3802276 4068333 4335927
3483761 3815428 4068909
3490297 3824865 4074580
3401453 3847028 4095477

E
2697218 4167296 4257280
2719291 4170904 4259871
3891285 4185797 4266432
4019392 4189948 4267737
4132942 1191346
4138312 4240301

13.624  Russian Patenm Specification
596825

13.62.5  European Patent Specifications

EP.0207907

13.63 Balancing

13.63.1  Authors

Den Hartog J.P. (1953)

Kear F.W. (1960)

Kovalev M_P. et al i ii (1963)(1962)
IBM Technical Disclosure Bulletin
13 No.6 (1970)p1483 1

Beaulieu A. J. (1973) !

13632  G.B. Pateni Specifications

548826 603038 1284195

568499 612357 1340462

570170 655151 1476573

581991 1015681 1564105

593231 1156637 2007840

13.63.3  U.S Paten: Specifications i

1180815 2826918 ]
2118770 3147624 4
2618159 3285076 -
2650502 3935746

2714311 4003265

2735305 4028524

13.634  French Pateni Specificaiion

2363780

[ e P
T




13.63.5  Russian Pateni Specifications

462098
515954
552505
567982
577419

- 588481

664074

13.63.6  European Paten: Specification
EP. 0161153

13.64 Temperature Variations

13.64.1  Authors

Barnaby R.E.ii (1961}
Marshall R.E. Jansson RM. (1960)

13.54.2  G.B. Patent Specifications

163315 511745 593465
164285 542613 631794
237366 544728 633942
38816y 561297 977873
il 574582 1018309
474029 579909 1025325
Teinperature vurigtions, compensating for or preventing

15669-191 550769 764644
2120-1913 561297 791556
170947 566555 798089
387366 574582 798107
388169 579909 812875
391111 594465 815556
425954 603427 825917
463332 616374 845808
466864 630657 847278
471537 640562 852562
474020 706434 856374
511745 74034¢ 868535
537777 740350 876433
552613 740785 878029
544728 753449 879653
13.64.3 LS. Paten: Specifications

3004436 3240074

3112651 4603483

3132523 4651576

3186240

3200653

13.644  European Patent Specification

EP. 0142937

13,65 Unclassified (Testing)
13651 Authors

Matasov Al (1985)

*extensive prior art given:

1069594
10844506
1179601
1365792
1557528*

885303
886063
911913
918197
958988
959258
960437
973122
977873
938638
996283
1024625

87
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1365.2  G.B. Patent Specifications

245544 564752 964648 1086299
271528 574257 1008375 1094396
526279 612557 1053077 1095519
547022 635192 1054238 1096831
£58374 756504 1061769 1173564
562688 830299 1064219

565382 957163 1066450

13653  U.S. Patent Specifications
2468137

3077750

3194051

4646235

13654  Russian Patent Specification
676868

13.66 Horizontal Gyroscopes

13.66.1  Authors

No Entries
13662  G.B. Patent Spec.fications
Mo Entries

13.66.3  U.S. Paten: Specifications

195860 1707475 2292090 2968956
392246 1736039 2334002 3212196
812587 1741736 2401160 3386179
875036 1749059 2405047 3452444
1092816 1801947 2478956 4267737

. 1197133 1825345 2588607 4275684
1279471 2129586 2609615 4283960
1358258 2219963 2677194

1695774 2274443 2940318
13.67 Vertical Gyroscopes

13671  Authors

No Entries

13672  G.B. Patent Specifications

No Eniries

1367.3  U.S. Patent Specifications

157053 1522008 2176203 2874576
366438 1524788 2188606 2886972
464805 1549372 2190698 2968955
595820 1586070 2200196 3193216
640051 1586071 2249744 3196694
678757 1679353 2270876 32269%6
919004 1709314 2293039 3238792
1141099 1726643 2315167 3311326
1313532 1731776 2378744 3455172
1342397 1932210 2405058 3466935
) 138033 20278C8 2418032 3498145
: 1393845 2041526 2437251 3543587
1447685 2133793 2590207 3587330

1480637 2162698 2745091 3604276-




3606794 4088031
3648525 4158312
3664200 4266431
4043614 4294128
2061043 4297905
-1068533

13.68 Self Excitation of a Gyroscope

13681  Authors

Amold RN, Maurder L. (1961) p 196 et seq.
Leimanis E. (1965) see p 136

Magnus K. vil (1975)

Maunder L. {ii (1964-65) seep 13

Morante AB. (1968)

Merkin DR.1i (1959)

Quarntley AL. (1957)

Smolnikov B.A. Stepanova M.V, (1981}
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~14.  THEGYROSCOPE IN NAVIGATION

14.1 -General
14,11 Aiuhors

Bogdanovich M. Mctal (1961)

Bulgakov B.V. (1969) a reprint of his important paper of 1938

Dubois E.1ii §ii (1872) (1884)

Tshinskif A. Iu. i vi villA (1957-1953-1965) viiiB

Ledieu A.{1872)
Maunder L. v (1968)
Nitusov EV.{1972)
O'Hara W.(1951)
Rivkin §5.(1965)
Ryabov B.A. (1963)
Thomsen W. iii (1884)
Topelbert D.G.(1550)
Usener H.(1917)

142  Gyromagnetic Compass
1421 Authors

NoEntries

1422 G.B. Patent Specifications

97370£1911 571036
125791 571622
366764 574848
404994 576412
108121 586506
422116 586507
440930 587923
461257 587932
4668¢- 591019
466865 600165+
468672 600186
490162 600189
501836 600603
505393 601663
505715 601971
505900 603448
505901 695636
510789 606955
513623 607117
520286 612307
522354 612388
529459 616538
538346 619525
538943 621014
539225 624201
549042 624406
553178 627978
354595 627979
559327 631794

Gyro-magnetic compasses

270006 405121
298934 419934
366058 440980
366764 144303
377262 444827
404994 460391

*historical review etc.

638972
638982
638983
639391
642093
642649
655138
668401
668431
671411
676003
681926
682766
685480
690011
691846
711078
713289
723486
747207
749012
756637
769442
772050
794076
806083
827199
850652
854732

466864
466865
473799
475372
482389
487299

874992
877270
£05576
900933
930695
934430
942060
942772
955911
974675
1027230
1043597
1043597
1058755
1126463
1288290
1332168
1339070
1358417
1416967
1431432
1480652
1512788
1555286
2057127
2056685

4501A2
501856
504753
505495
505715
505900
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505961 - 4 711078
: 510789 586306 624201 737975
i 520459 586507 631793 733058
: 535211 -587925 638971 756637
538346 587932 638972 765342
= 538943 -600186 638982 750031
539225 601131 638983 §12294
542529 601663 639391 874992
544786 -606646 642093 877270
545284 606955 655138 500933
546329 607117 676005 942060
- 554595 - 612307 - 682766 1126463
565351 621C14 691846 1316967
576412 621018 698033 ‘1512788
1323 U5 PmentSpecifications
1617 2451230 2959866 3911255
] 2357319 2561367 3091127 3967384
‘ 2361790 3559493 4010549
; 2112614 g 3331286 4180916
) . 2415813 2887873 3837086
{ 14.3  EarthInductor Compass
E i 1331 Awhors
4
E § No Entries
] ] 1432 G.B.Patent Specifications
1
i 193686 507965 588482 662832
; 298934 539817 601971 668431
! 314786 549028 619525 685480
§ : 342038 549528 624083 650011
: : 366764 550779 623406 £95880
i 389819 565351 627978 756085
! 39654 569839 638972 790031 .
1 . 400040 574848 638982 794076
f 506458 583366 662831
E . 1433 U.S. Patent Specifications 1
£ i 2176197
: 2737054
: 4013946
. 4197655
Direction Indicators
{ 34298 1610930 1973042 2086898
i 366938 1612405 1974220 2092032
! 463806 1617310 1975740 2093417
595820 1628136 1981687 2099705 }
: 640051 1642087 1982851 2105148
! 741683 1655247 1996893 2106193 T
i 841612 1688559 1996896 2111388
. $77034 1727460 2000524 2114479 1
340329 1851536 2001038 2129586 ;
1031769 1857736 2005379 2133489
1032022 1860345 2008058 2133809 . 9
1067808 1880994 2015650 2136944
1124068 1901567 2018735 2166920
1324128 1903710 2038537 2173228 1
1342397 1922976 2047922 2:75165
- 1451928 1924339 2052866 2378623 ]
. 1489512 1524816 2061894 2180221
s 1493473 1929400 2069285 2290196 1
1522924 1937336 2075797 2213708
- - . 1
4
e i i i
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2203824 2405058 2704457 3463909
: 2208267 2707882 3475975
- 2208666 2411087 2730813 3480766
: 2210090 2416646 2735191 3487553
2214538 2427130 2745001 3491228
2219267 ’4’;’533 2811785 3509765
2219964 2816448 3518016
2220457 2823464 3543587
2276191 2847664 3577646
2327529 2854763 3597598
2249373 ”4:8936 2857677 3633003
2261945 23 2864174 3731543
2273876 2882718 3806865
2292451 2958953 3816935
2293039 2988518 3549896
2293092 3019532 3883957
. 2303541 3032886 3889357
2315500 3142183 3911255
2321543 3197881 3930317
2324157 3197882 3938256
2333984 3199207 3962797 -
2334116 3239166 3977087
2335876 3250497 1020491
2337602 3253472 3027540 1
2345915 3363169 1071959
2349757 3365147 4143466 !
2360399 3371542 3158261
2360935 2386170 4180916 3
2366543 3391568 4197655 :
2368221 3392698 4218827 J
. | 2368628 3394596 4244116
| 2383409 3423051 4370815
: 2384452 3426592 4373126
2387104 3436967 4384300
2403874 3140889 4393597
2404603 3453894 4316066 1
2405052 3460486 1

144 Gyrcompass
1441  Authors

Agafonov S.A. (1978}
Allington P15, (1964-5)
Anon. Arma Brown {1963}
Anon.(1926)
Amold RN. Maunder L. {1961} {Chapter 10} p. 228-265
Anschutz & Co.{1913)
Arthur R1.(1967)
Aubol PB. etal (1968)
z Armold RN Maunder L. {1961} (General}
Bache R.(1913)
Bauecrsfeld W. (1960} (sec Magnus K. (1971} p. 414 ctseq)
Barnet D. (1954-5)
Beghin H. (1921}
Braddon F.D. {1960}
Burger W. Corbet A.G. {1955}
Byrd RE.Saunders HE. (1914}
C!udnnédaze MV. (197511984}
! Chalmers T.W. {1920}
Chelpanov LB.iii (1962){1973) . .
Chemyak EB.{1971) -
Christoph P. (1974}
Collins F.A.(3507)
Crouse G.B. Bloomfield NJ:{1920)
Dinger HC. {1911} 7
Dmitriev A. Yu.etal (1977}
Dubois E. (1872, 1897)-
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Elliot Bros.(1910) ~
Elphinstone GK.B.(1911,1912)
Ford HC.(1914) T

Fox C.(1949) -

Fredericks AC.(1911) -

Gackeler LW, (1935. 1933} i
GillmorRE.i5i {1912) ~

Korolev V.D, (1966)

Klinkert J.(1973)

Knudsen A.W. (1973) 7
Koshlizkov V.N.ii il v vi (2.1962)°
Klumpp nuvon (1961}

Koshlyakov V.N. Lyu$in Yu. B. Chichinadaze M.V. (1973)
Ledieu A.(1872)

Lemaire P.(1511)

Liashenko VIF, (1962)

Magnus K. v {1971} (p.399-414)in German
Marchand H. (1911)

Marticnssen O, (1906)-

Martynyuk A.A.(1973)

Merkin DR iv{1963)

Mourre L. (1953} (N.B. Mourre)
Nesterenko T.G. (1976)

Nitusov E.V.(1972)

Nulton LM, (1915)

Onishchenko SM. {1969)

Powmkin A.E.{1979)(1984)
Perry Liv{1908)*

Pineau M. (1912)

Rabinovich Yu. 1.(1969)

Reid RE.(1984)

Richardson KIT.(1954)

Raulings A L. (1929)

Rellensman O. Plleider £.P.(1959)
Roiterberg E.Ya. i iv vii ix (1959-66
Ropars 1.{1961)

Schuler M. 11 iv v vii xii (1909-1935)
Schultz P. (1974)

Shul'man L Sh. (1975)
Sperry E-A ivvviixii {1911-1913)
Thomson W.iii (1884) (Lord Kzlvin)
Tokar EN.(1961)

Usener H.(1917)

Vasilenko V.P. Temchenko M.E.
Vavilov S.M. (1983)

Voroshilova N.V, etal (1974)

Watt GJ.(1964)

: Williams HS.(1907)

: Zhbanov Yu. K. (1961-73)

142 G.B. Paren: Specifications — Gyro-Compass

11840f 1836 10382011908 129590 1914

2676 0f 1857 22602 0f 1909 22379011914

68420f 1884 23575011910 24837 0of 1914 :
§3940f 1884 9691 of 1911 3650f 1913 :
1122011889 9737 of 1911 124001 1915 H
1031011890 1044001911 160950 1915 £
35870f 1899 13669 of 1911 17725011915 2
25984 of 1902 143390f 1912 100490 £
2695 of 1906 27739011912 104191

10184 of 1906 29082 0f 1912 107572

101850 1906 26068011913 108149

13542 of 1907 2616001913 112636

20562 of 1907 27350f 1914 114341

* deals with Geckeler's cquations

**refors 1o some arly German patents
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303229 629104
308584 629150
3098€0 635192
N 309910 633971
319250 658301
) 320355 691846
-30380 766333
331956 707546
331972 707518
342880 705873
346465 713511
353296 717470
367652 751142
371807 772432
397654 772433
405034 776610
414903 798089
417995 801636
433494 804372
435399 805038
448763 807292
460234 808075
461257 811031
461424 825917
372779 §25918
482213 825919
504726 825920
3 5065007 829169
158390 507643 839024
20654 509178 883946
2 509602 885947
533011 902263
542529 23306
334094 954312
547440 957196
383786 985324
597188 1009162
600661 1016260
603430 1030706
612713 1032473
617918 1039106
620042 1048613
£27291 1057743
627686 1068426
627969 1069366
Gﬁﬁ@mﬁgiawﬁﬁganﬁmdghﬂmkamﬂ
131987 275182 509178
152050 290392 509602
156604 290670 547340
175292 303229 603330
179918 309910 612723
188390 309924 663437
210062 319250 707346
371807 708873
448763 772432
472779 772433
504913 791556
(é:ﬁaxﬁgéﬁzs-aﬁﬁdhgﬂrnuhuﬁngdanqﬁngorhuhudcfﬂom
612723 1183034
791556 = 1207660
- 804372 1224512 N
825917 1224992
825519 1396163
- 1032473 1400488

1072365
1093131
1098827
1111456
1117848
1152447
1176735
1183034
1186642
1196425
1203841
1207660
1224512
324992
1259753
1278864
1280632
128077
1284492
1319398
1339683
1385819
1396163
1300488
1310895
1413745

1424585

1425092
1469123
1505519
1549043
1363686
2011617
2111202
2057127
2070233
2090973
2094975
2100428
2104217
2111202
2139350

804372
811031
839024
885946
885947
959562
1058827
1425092

1410895
1416967
1554204
1554205
1555286
1580092
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é}mmpdﬁa—mﬁ%orredumw;@ﬁzﬂ errors
iﬁé@l?h 166570
’fé;z;ﬁ-l;i.. 175292
: 188390
209032
14486-1514° 210062 -
1 16098-1915 . 265042 E
. 160490 308584
! i - 167572 353296 :
] 108149 507643 )
1103569 336011
i 123660 349312
a Gyrocompasses — avoiding or reducing speed and course errors
E 15679-1911 210062
1 : 24547-1914 2§8338
3 - 135564 253733
1
939024
! ’@9!69
g of the rotor axis about the meridicn damped &
! 303229 309178
] 460244 334093
482213 335194
504912 606335
: 503007 7073446
i' Gyrocompasses — with movemenis of the rotor exis about e meridion damped &
; iiﬁ"%—}?!l 188390 250670 )
. 192381 31‘}25()
{ - 206341
* 209052
£ 210062
E ‘ ) 215393
: 218358
£ 229869
i 258646
I, 265554
H 269042 ’
i 275182 ;9;73
200392 547340
Gyrocompasses — with movément of the rofor axis about the meridian damped by pivoted ball with eccentric connection ie
) H rofor casing
J 15669-1911 T 338517
4 26160-1913 663437
4 157986 1186642 - -
; 215594 '
4 342880
4 -
4 Gyrocompasses — with movemen of the rozer axis about the meridian damped by unclassified means
9737-1911 17?35-}9,35 175292 583366
¥ T 27739-1912 106170 © 179918 603430
6570-1913 _ 127055 130413 807193
11988-1913 127830 405033 2
- 26068-1913 . 137059 414903
: 22379-1914 148967 435399
T 16098-1915 166570 . 504913
- a%
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791596 1152447 1259753 1555286
$39024: 1175863 1280776 1264686
985323 - 1183034 1410895 1579920
1069169 1196425 1554204 1580092
1037106 1227130 1554205 2002116

1240-1915 706433 886063
127055 707346 1032473
166868 708873 1095131
206541 795089 1207660
346366 825917 £16895
305034 §25919 1555256

- 1443 IS Pawnt Specifications

1309635 5623 3283960
1923138 4143365 4371863
2677193 2138261 4304837
2733288 3214382 2530163
2811047 4375603
4
3

2158648 ]
3257730
2363300 f
2332555
2431304 ]
2315948
2322687
2341556
2510088
2511973

894659
913513
1018582

1373163 1671382
1481213 1677331
G2 1493213 1678435
H 1493213 1686518
1393769 1686524
1495087 1735183
1455950 1730867

1497660 1734129
1497371 1739251
1498322 1743533
1495602 1744069
1500239 1746832
1512222 1751110

W ity 0y

1503436 1749659
1518730 1765538
1515762 1773172
1541775 1773311
1589039 1773412 -
1617380 1777601
1621835 1778958
1625361 1750019
1626123 1784048
1628135 1793182
1644321 1801619
1647418 1805454
1650162 1811300
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14.5  Gyroscopic Steering of Ships
14.5.1 Authors

Gray J.G. i (1914)
Henderson J.B. i (1934)

1452 G.B. Patent Specifications

5453 0f 1913 341592 436579 608039
18101 of 1913 342323 448959 636117
29661 0f 1913 350375 458090 542403
145741 of 1914 355566 475372 656518
157770£ 1914 366058 478344 957948
117827 377262 480313 1176913
185162 382222 523513 1223986
247633 411620 535211 1319398
323195 425609 590641

453 U.S. Patent Specifications — Ship Steering

15898 515548 1015061 1592081
17525 537124 1015837 1603857
RE27420 550001 1041103 1612434
53934 550018 1043500 1617310
137574 559244 1055814 1678714 !
148434 559904 1088503 1679395
156320 561272 1091653 1681415 }
158101 561273 1093196 1684307
162709 568737 1100420 1695601 J t
173951 596179 1128661 1695615
186424 602684 1134919 1702404
189459 603038 1151867 1711126
189972 613809 1154103 1729869
194658 622398 1164038 1730951
196566 624531 1175939 1757096 4
212050 626009 1200288 1765583 p
233876 626951 1228364 1772787 . )
244541 635951 1270176 1776118
; 270344 649771 1293167 1785971
277667 654130 1306552 1793433
243259 702980 1332302 180194/
284325 714081 1345960 1813103
292599 714786 1360258 1825240
293755 716468 1360276 1835453
313901 739775 1360325 1838965
313907 743115 1360694 1871469
315758 748252 1361127 1876731
317817 759536 1365347 1890293
319665 769916 1387850 1903265
333008 771537 1389347 1911168
352374 774693 1392786 1912489
368796 810634 1392787 1927935
385259 811852 1403318 1930945
404472 812306 1405078 1939775
418032 884292 1406405 1946693
418621 884294 1418794 1948487
423194 887443 1436280 1957647
471202 887701 1442041 1958258
476022 905871 1451064 1958359
478814 911069 1461841 1958428
482421 914626 1465091 1968542 -
493000 916893 1467763 1982702
495047 929174 1488723 1988463 -
498160 942952 1497059 1993548
500359 950818 1517575 1993549
- 509644 969084 1522833 1993550
. 512662 978746 1536996 1993551
515286 980156 1569927 2015186

i pi +
‘




2023334 2343313 2753498 3199482

2066194 2351977 2796376 3203390
2068065 2352649 2796737 3206998
2073203 2360361 2797579 3208300
2074251 2361178 2806441 3217683
2087647 2362178 2809435 3220273
2089914 2363335 2819777 3225620
2095031 2365490 2819778 3225730
2099713 2369456 2823636 3232262
2102513 2377698 2834565 3237583
2104627 2382727 2841754 3237584
2112171 2391645 2864990 3238957
} 2112504 2392056 2873710 3249080
2116103 2398243 2875722 3259080
2120950 2405701 2888896 3259094
2121894 2401771 2891205 3263639
2131951 2402724 2894473 3263640
2133153 2403658 2895445 3274849
2134757 2403669 2903822 3277431
2136213 2404281 2909140 3280781
2140713 2408925 2909940 3290881
2145493 2412486 2014013 3319594
2155055 2420154 2914020 3330242
2155075 2422139 2920599 3336891
2156976 2427549 2925060 3358633
2158584 2433826 2927551 3359823
2159142 2434178 2928291 3363599
2163724 2434187 2934690 3386313
2168112 2440713 2940409 3386406
2175627 2445940 2945170 3393656
2175799 2448778 2947273 3417723 |
2175800 2458177 2949093 3417726
2176203 270137 2051460 3450087
: 2176469 2495536 2958024 3465221
j 2176807 2498223 2961936 3505577
4 2179179 2499471 2976833 3508512
; H 2182717 2504139 2479006 3527186 i'
2185074 2508803 2987027 3530819
s 2188834 2515168 2989021 3542048 \
2 2194217 2523636 2693464 3545398 |
1 2195351 2532402 3003450 3556033
F 2195406 2541765 3018750 3576977
3 . 2200431 2543553 3026545 3580206
3 2201226 2583059 3041995 3588796
] 2216097 2583407 3050025 3596163
s 2222275 2585389 3051886 3598947
2232982 2590029 3066635 3603167
2237834 2601791 2063328 2694907
2238029 2614438 3080953 3613624
2247294 2629356 3084566 3641962
2257203 2634067 3085447 3660743
2257757 2641213 3088330 3673977
2262931 2636746 3106903 3676648
2266410 2667746 3111105 3678878
. 229490 2667934 3118321 3685478
2298653 2667939 3127864 3688727
2304430 2668514 3129686 3695205
2307781 2683434 3131340 3696282
2308430 2702615 3133520 3699420
2319435 2713316 3138133 3715571
2324882 2714362 3139254 3715890 ’
2333602 2716960 3140436 3737635
2334882 2719502 3140843 3739738
2337589 2725841 3143994 3760755
2337602 2726621 3143995 3761791
2339023 736856 3145654 3762352
2340174 2740306 3167698 3765361
2340175 2742735 3171383 3771483
2340524 2743624 3180298 3774568
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3796058 3943878 4099476
3796178 3945201 4105426
3796292 3955438 4173937
3798525 3972301 4185473
3802372 3982493 4188904
3807339 3983834 4201146
3810440 3986475 4203380
3811394 3989000 4211180
3811395 3995576 4220:11
3815537 3996875 4225148
3832967 4003328 4227481
3838656 4004536 4228756
3847107 4004537 4231308
3852650 4009678 4241684
3857353 4013034 4244216
3861348 4014281 4262618
3865063 4040375 4262619
3867712 4041886 4263994
3870007 4041889 4266497
3888201 4051801 4294:84
3900198 4054102 4295833
3929086 4080938 4300888
3940674 4088087 4307677

14.6  Inertial Navigation
14.6.1 Authors

AGARD (1968)
Aleksandrov V.V, (1983)

Andreev V.D. i (1966)

Bessen A.S. Levine J. 1964)

Boichuk OF.iv(1968)

Britting KR. (1971)

Broxmeyer C. (1964)

Caligiuri LF. (1961)

CarpentierJ.1. etal ¢1 962)
CochinL.(163)

Collinson RP.G. (1971)

Cuny B. (1965)

Devyanin E.A. Parusnikov N.A. (1968)
Draper C.S. (1963)

Draper C.S. Wrigley W. Hovorka J. (1960)
Draper C.S. Wrigley W. Woodbury RB. (1959)
Drozdovich V.N. (1960)

Dushman A. (1962)

Ellms S.R. Huddle IR. (1 976)
Fernandez M. Macomber G.R. (1962
Friedland B. (1975)*

Frolov V.S, -

Frye WE. (1958)

Gilmore J.P.McKem R.A. (1972)
Gorenshteyn LA. Shulman LA, Safaryan A.S.(1964)
Grinsch E. (1967)*

Halamanderis H. (1973)

Harris D.G. (1978)

Harriman D.W. Harrison J.C. (1986)
Heal HT. (1964-5)

Hodson A.E. (1963)

Horsfall R B. (1958)

Joos DX.(1976)

Jurenka FD. (1967)

Lee B. 0 00 (1968) (1976)

Levinscn E. (1959)

McClure CL. (1960)

McDaniel 0.DJr. (1 967)

McKinlay WH. (1977)

Markey W. Hovorka J. (196 1)

4214520
4318700
4322208
4323353
4327658
4334489
42334491
4352666
4362515
4366767
4367658
4390206
4392446
4398486
44056390
4408772
4413583
4416636
4417879
4418633
4419084

i
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Miliner AR.(1972)
O'Donnelt CF.1ii (1958,-1963)
Parvin R.H.1ii (1962, 1959)
Pitman G.R. (1962)
Powers H.B. Henderson V.D. (1966)
RadixJ. CL. (1967)
Rahlfs D. i (1974-1976)
Schmidt G. (1976)
Sandberg H.. Jakimezyk S.T. (1967)
Savant J.C.ctal {1951)
Schwartz B.B. (1967;
Slater JM.1{1964)
Schneider AM. (1959)
Stratton A. (1969)
Sutherland A.A. Jr. (1968)*
Tkachenko AL (1985)
Van Dierondonck AJ. Brown R.G. (1969)
Vasilenko B.P. et al {1969)
Wedan R.W. (1957)
L : Wenglarz RA. Kane T.R.(1968)
; Wing W.G. iii (1964)
Wrigley W. et al (1969) see p.265 etseq.
Yakushenkov A.A. (1967)

1462  G.B. Patent Specifications
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4641550 b

e il
by L

2232234
2236639
2240649
2243444
2252815
2255566
2275725
2292638
2314278
2366637
2389826
2390341
2408228
2443038
2469646
2577667
2585%*

2635325
2645130
2678155
2700542
2866976
2924076
2960889
2980326
3148551
3181377
2289486
3293928
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3339425 3965759 4169391 =
3407671 1019396 4179943 =
3551564 2034246 4254668 g
3863510 4050317 4335870 E
3955428 4141256 4641550 =
3955429 416188¢ B
z 3
i7.1.3  Ausialian Patent Specification - ’
488057 ) {
17.14  Indian Pater Specificadon ]
335495 "i
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‘8,  THE USE OF THE GYROSCOPE AND GYROSCOPIC FORCES IN OPTICAL AND RELATED DEVICES

18.1 General
18.1.1 Authors

Amold R N. Maunder L. (1961)
Pontéves de D & Rafat R.(1972)

18.2 Telescopes, including Binoculars and Monoculars
18.2.1 Authors

Babayev A.A. Grishmanova N.I. (1968)
Babayev A.A. Sukhoparov § A. (1972)
Bogdanov A.D. (1977)

Brake D.G. (1980)

Dienstbach C. (1915)

O'Deli C.R.(1973)

Ostrovskaya MLA. (1972)

Seitzer SM. (1975)

Schiehlen W. {(1974)

1822 G.B. Patent Specifications

24112-1909 178459 844964

17291-1910 226163 958415

9737-1911 232759 1015916
10440-1911 282078 1056527
23493-1911 284871 1056528
24647-1914 353137 1093131
6977-1915 359895 1099026
146477 382253 1114094
146847 623009 1149164
165028 749988 1150699

1822 U.S. Patens Specifications

940329 2811042 3463595
1050153 2829557 3471931
1363861 2871707 3473861
1628776 2939363 3475074
1628777 2959088 3503318
2570130 3128676 3531176
2684007 3200250 355632

2688456 3212420 3564931
2741940 3378326 3608995
2779231 3437396 3608997
2780140 3437397 3742770

1824 French Patent Specifications

1372585
1435872
1453827
1455923

EP (001204
G.41665

T 1826 International Parent Specification

W0 85/00668

1150700
1235175
1235707
1269817
1340212
1399121
1442773
1594060
2036998
2149259 {See EP 0131565)

3756686
3756687
3762795
3881803
4013339
4270044
4260218
4643539
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183 Gunsights
1831 Authors

No Entries
.

1832 G.B. Patent Specifications

2077-1909
9466-1909
30583-1909
17291-1910
20373-1910
30184-1910
5903-1912
€977-1915
166€3-1915
147061
153932
156870
177146
23275y
306764

359071
387848
153744
464315
480185
495745
373704
576359
577129
578958
581966
587051
603389
06635
633566

1833 U.S. Paters Specifications

1031769
1363861
1623776
1688559
1925442
1984874
2229545

2270896
2412453
2457831
2527245
2559435
2570298
2583815

1834 German Patent Spec,fications

Offenlegungsschrift
1428731

18335 Frencs: Patent Specification

1563217

18.4  Bombsights

184.1 Awliors

NaEntries

1842 G.B. Patent Specifications

127877
186099
413338
449238
473000
490811

55188G
575958
579848
86273
$22133
624353

1842 .S, Patent Specificaiiuns

230323
1402664
1645075
1783760
2125225

3
3

2162697

2371696
2428678
2412612
2466528

€53610
684667
594850
714670
724896
724897
724898
724900
754530
815729
930207
1069266
1073446
1114094
1161481

2684007
2705571
2850526
2859657
2914945
3326619
3471931

623555
665498
716599
804700
950634
1672925

2457831
2495304
2583315
2609606
2850326
2859555

1183898
1236807
1269817
1340212
1349722
1352349
1388082
1475112
1491117
1512932
1531871
1559218

3558212
3762795
3871236
4105174
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1844 German Petent Specification
360390

1845 French Patent Specification
749767

18.5 Cameras

135.1 Authors

No Entries

1852 G.B. Patent Specificaticns

10757-1906 275649 1056528 1163017
5977-1915 402890 1099026 1235707
127877 5789<8 1142977 1235175
150995 590682 1145795 1450027
200098 650826 1149068 1499928
219082 508829 1151559

223610 802453 1159770

185.3 U.S. Patent Specifications

1586071 2951377 3468595
1645079 3409350 3473861
1688559 3424521 3475073
1709314 3424522 3479108
2180017 3424323
2709922 3459473
Gyroscope Aerial Camera Combined
E
) 85247 1585484 2346079 2792767
3 359902 1586070 2358777 2796009
367610 1586071 2371592 2796815
; 510759 1598082 2393575 2817278
} 578980 1612860 2397031 2839974
757825 1626787 2401530 2841063
E 263035 1661364 2409597 2895392
894348 1679354 2410842 2895393
4 935760 1735109 2413349 2899882
| 1002697 1764066 2415563 2906181
3 1200818 1782860 2424989 2929305
1212884 1782864 2429051 2937385
1221502 1797849 2468781 2949830
1300716 1821492 2472823 2950663
1301873 1824085 2474323 2955518
1301967 1826299 2476677 2961933
: 1305841 1829142 2506095 2963949
1309798 1848693 2507459 2967470
1313564 1863573 2512486 2969005
< 1372746 1880960 2521153 2995995
1382436 1898179 2544686 2998762
1413187 1939172 2570653 3000284
1423364 1942161 2544686 3007383
1469569 1953304 2570653 3060824
1482244 1955770 2575020 3066589
1490239 1974842 2596222 3094054
1502173 1986261 2599517 3114306
1517550 2014188 2622495 3121377
1528933 2047070 2671388 3143048
1531593 2198920 2685238 3143049
- 1536335 2240731 2713814 3158079
. - 1546372 2283788 2719470 3160082
D : 1548723 2307646 2766667 3163098

1559688 2333768 2766668 3212426

i
)
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3215053 3338147
3217623 3352223
3221625 3364830
3234865 3392645
3234866 3410189
3240138 3422739
3240139 3435743
3242836 3439599
3251283 3455221
3253525 3469515
3269290 3483808
3303767 3485151

i3.54 German Patent Specification
2731134

185.5 Belgian Patent Specificction

18.6  Panoramic Sextants

186.] Authors

No Entries

186.2 G.B. Patent Specisications
No Entries

1863 U.S. Patent Specifications
2220884

2266741

2505819

18.7 Panoramic Film Viewer
18.7.1 Authors

No Entries

1872 G.B. Fatent Specifications
1010615

1307548

1317772

187.3 U.S. Patent Specifications
705771

888236
2515260

3218900

18.8  Periscones

1881 Authors

No Entries

1582 G.B. Patent Specifications
3990011901

10373 0f 1501
63

2491558

Faos

3495517
3500733
3511150
3511151
3532039
353341

3537359
3541936
3554105
3589150
3608463

3633367
3662661
3667360
3687033
3688666
3703133
3715962
3728948
3739699
3744387
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1883 U.S. Patent Specifications

- 2986966

3035477
3558212

18.9 Navigational Aids

189.1 Authors

No Entrics

189.2 G.B. Patent Specifications

27508 of 1907

284882
286514
749987
749988

18.10 Rangefinders

18.10.1  Authors

No Entries

749989
805535

18102  G.B. Patent Specification

162677

18.11 Stabilisation of Image (Missiles etc)

8111 Authors

No Entrics

18112 G.B. Patent Specifications

750889

1015916
1056527
1056528
1073446

1136054
1520845

Directed to Optical Apparaius Stabilizing of part of Optical Systems etc.

1482-1906
3683-1915
6977-1915
16669-1915
155053
156870
162667
265028
226163
249616
262188
285457
387848
402890
449238
539342
578958
590456

650826

892453

1015916
1056527
1056528
1069266
1073446
1093131
1099026
1114094
1136054
1142977
1145795
1145068
1149164
1150699
1150700
1151559

1159770
1160528
1161481
1163017
1168261
1183898
1235175
1235707
1236807
1240552
1269817
1297729
1307548
1317772
1320711
1337034
1339379
1349212

1349722
1374766
1388082
1399121
1432825
1450027
1475112
1491117
1491953
1512932
1520843
1531871
1539581
1543630
1559218
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19.  INSTRUMENTS AND MACHINES THAT MAKE USE OF THE GYROSCOPE AND OR GYROSCOPIC T
FORCES
19.1  General

19.11 Authors

Arnold R.N. Maunder L (1961)
Bogdanovitch MMM. ii (1961)
Grammel R.ii (1950) *
Kudrevich B (1965)

Magnus K. (1971)

19.2  Engine Governors
1921  Authors

Maxwell 1.C. (1868)
Siemens C.W. (1866)

19.22 G.B. Patent Specifications

} . 17006 of 1905
18101 of 1913

1923 U.S. Patent Specifications

220867 of 1879
f 785587 of 1905
1653660
1678914 {
1746794 j
3276572

4 : 19.3  Grinding Machines

H 1931 Authors

Arnold RN.Maunder L. (1961} p.171 ctseq.
Ferry E.S. (1932) (worked example p.92-94)
Grammel R.1(1917)

Magnus K. (1971) p.98

Scarborough J.B. (1958) p.106-107

-5yl

19.3.2 G.B. Patent Specifications

.
gy

1437 0f 1855 4117 0f 1859 1860 0f 1903 102631
2159 0of 1857 7407 of 1890 11186 0f 1904 166471
3704 0f 1881 9809 of 1850 177350£1904 189120
13162 of 1886 20228 0f 1891 234360f1912 247756
1162 of 1888 19824 of 1893 61930f1914 1336119

19.4 Speedometers
19.4.1 Authors
Aleksandrov A.G.etal (1975)

1942 G.B. Patent Specifications

17006 of 1905 148247 396666
72850f 1910 167503 618965
205150f 1912 474718 873563
1581201913 498112 939622
11827 of 1915 541705 1426236

L e gy




19.5 Flowmcters

1961  Authors

{ 1 Anon (1968)

Astrakova N.P.(1972)

Banks HF. (1950)

Elims SR. Huddle JR. (1976)
Ferranti Ltd (1976)

} Hassan A K. (1983)*

. Hendron RH. (1978}
Hodges D.J. Brown L. (1976)
Lower LW. (1957)
Rellensman O. (1962)
Rellensman O, Pileider E.P. (1
Paviov V.V.(1961)

Puetz M. (1974)

Schiffer R.(1977)

Schuler M. (1932)

Stripling W.W. Hargleroad 1.5
Trayner B.T. (1977)

Williams H.S. (1969}

19.5.1 Authors
! Akeley L.T. ctal (1958

1952 G.B. Patent Specifications
498112 964446
717897 964447
893830 1003425
945387 1121117
953585 2015737
953586 2043902
19.5.3 U.S. Patent Specifications
720188 2602330
2106194 2625198
2406845 2714310
2450320 2865201

1 2472609 2914945

1 2585693 2969954

959)

Hamilton G.B, Ameen YX. (1977)

.(1978)

1962  G.B. Patent Specifications
27508 of 1907 675553
163 0f 1508 682908
3068 of 1908 885946
E 2077 of 1909 885947
30583 of 1909 886063
27005 0f 1912 921562
18099 0f 1913 941533
21905 of 1914 947322
120942 1008282
146372 1014352
289460 1016260
360523 1095817
558616 1100524
560200 1101956
563321 1132948
571622 ‘1175863

4

3000223
3187585
3312512
3485098
4187721

19.6  Surveying Instruments (Clinometers, Theodolites, Borchole orientation)

1205065
1224952
1227130
1259753
12787594
1284429
1306781
1345848
1373067
1379642
1382843
1388311
1428908
1437125
1509293
1516074

**Excellent bibliography

e e i SNl i A
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1549043 z
1554204 -
1554205
1555286
2009418
2009419
2027904
2036311
1029371
2041519
2075675
2081910
2094372
2103793
2104217
2104224

e e et
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2111216 2139350
2124371 2064116
2126721 2141868
2126722 2146118
2124372

1963 ULS. Paten: Specifications
1812994 3748912
2930240 4033045
3001250 4071959
3172213 4109391
3252339 4192077
1964 German Patent Specifications
1798468

1941808

2459113

2734319

2734320

2756219

1965  Fronch Patent Specifications
2241686

2309835

1966  Russiar Parent Specifications
550852

579544

676866

1967  European Patent Specificaiion
EP 0077491

19.7 Percussion Fuses

1971

Authors

NoEntriss

19.7.2

129026
400612
46771z
20713

9206713

G.B. Patent Specifications

4197054
4297790
4442723
4443952
4461089

4266431
4503718
4504857
459479¢
4635375

—————
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199 Dynamoémeter Car
’ 1997  Awhors
Amsler AJ. & Co. (1934)
1992 G.B. Patent Specifications
284505
578784
675553
1324073
] : 1468625
i 1993 U.S. Paten: Specifications
1 1843959
4 1906719
EE 1994 German Patent Specification
2055794 1
j |
15.10 Gunsight Fire Control - 1
g 19.100  Authors ) 1
Berkowitz B. ¢t al {1968}
Brockner C.E. Price R.C.{1959)
_Rees M. (1946)
19102  G.B. Patent Specifications 1
2230f 1871 400685 653610 1183898 |
16687 of 1910 438670 657669 1223214 - 4‘
17291 of 1910 22234 675725 1236807 : |
365301915 447225 684667 1261438 ’
3 122199 455207 694850 1269817 : 4
146477 455431 700315 1285722* -
146488 541224 714670 1301041 H
146847 590581 720079 1307548
= 155030 590682 720080 1311043
177146 590683 751530 1337035 -
177147 597188 758733 1339379
3 212934 601402 §39031 1340212
214995 £03389 839033 1349722
3 216156 616517 £75754 1388082 -
262188 617237 900047 1428948 o
3 374038 621836 930207 1486537 B
374059 625822 1069266 : !,
382233 638714 1168072 H }
19103 US. Patert Specifications z 4
1936442 2504170 i
1537336 3009152
1 1939517 3629196
1983873 :
R 2125235 ‘
21562698 )
1
B - o ;
F
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19.11 Weighing Devices (Dynamometer Cell)

9111 Auflios

Anon (1982) ]
Grammiel Rz (1950) (Vol.2 see p.190)
Gravenéy MJ: Sinha PX.(1982)
Wohwa J:(1984)-

19.11.2  G.B. Paten: Specifications

19.11.3  U.S. Patent Specifications

4095463
4497213
4577519

19114  German Patent Specifications

2055794
2119536
2235808
2434485

3223403

19115 French Parent Specification




i9.132  G.B. Patens Specifications

580445
~843475¢

1341865

1341866

19.14 Skiing .
19141 Authors

W

Swinson D.B.(1973)

19.15 Draglines

19151  Authors

Savelev AA. etal (1972)

19.16 Profilograph (Road roughness)

19,16,F  Authors

P

NoEntries

Wy

el

NoEntres

o

19.16.3  US. Paiert Specifications

TR

1843959
1936518
3888118
1 3983746 -
3 4561188

|

|

|

|

| 3

) 19062 G.B. Patent Specifications
\

|

|

19164  Russian Patent Specification

A
%
L2
(]
wh
|

19.17 Ball Bearings
19.17.1  Authors

Highdale JL.E. Blanchard D.L. (1963)
Lanchester F.W. (1908) {see p.386)
Mairov S.A. Slomyanskii G.A. (1958)

19.38 Velocipedes
19081  Auikors

Carvallo M.E_ {1595-1901)
Gobxs LG.{1975)

Man GK.Kanc TR (1975)
Rankine WIM.{:869)
Roland RD.{1973)

Sharp A_{1896) {reprint 1977)
Swronen EP.{1982)
Whipple FIW_(1899}

9182  G.B. Papcra Specificatinons

MWWWMWW R et

28770f1912
2451501012

1 vl g w0
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19.18.3  U.S. Pateni Specifications

991485
1236030

19.19 Icc breakers

19.19.1  Authors

Gray A.i(1904-5) (Vol.48 p.306-307)
Henderson J.B.1(1905)

Ransome G.S. (1914)

Sperry EAA, (1916) (x p.73)

19.19.2  G.B. Patent Specifications

1403201 1915
{See p.8line 41)

19.19.3  U.S. Patent Specification
4026383

19.20 Ship Roll Recorders

19.20.1  Authors

IinP.A. (1960)

19.20.2  G.B. Patent Specifications
2105 of 1911

125096

273286

19.203  U.S. Patz - Specification
2716893

™04  Russian Patent Specification
444112

19.21 Vehicie Side-slip

19.21.1  Authors

Ruit A.(1911)

19212 G.B. Paten: Specifications
12842 of 1908

211130f 1910

228700f 1911

814496

19.21.3  U.S. Patent Specifications
No Entries

19.214  Russian Patent Specification
475186

19,22 Chranometrie Dovicws
19221  Authors

No Entries
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19222 G.B. Patent Specificution
205150f1912

19223 U.S. Patent Specification

19.23 Gyrostatically Actuated Relays
19231 Authoers
No Entries

19232 G.B. Patent Specification
116454

19.24 Gyroscopic Viscameter
19241  Authors
N, Entzies

19242 G.B. Patent Specifications
No Entries

#.243  US. Patert Specifications
No Entries

1%.24.4  Russian Patent Specifications
487336

525871

535481

631233

19.25 Angular Accelerometer (also veiocity)
19251  Authors

No Entries

19.25.2  G.B. Patent Specifications
854360

1553488

1599082

13253  U.S. Patent Specifications
No Estries

19354 Russian Patent Specifications

359182 25144
570843 633103
593152 634212
617723
620897

19.26 Dynaniic Inducti.e Tap
18261  Ausihors

Nc Eniries
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19.26.2  G.B. Patent Specification

888898
19,27 Lateral Attitude of 4-wheel Car
19.27.1  Authors
No Entries
19.27.2  G.B. Patent Specifications
990933
1246688
1360544
19.28 Angular Deflection of Tall Buildings
19281  Authors
No Entries
19.28.2 G B. Patent Specification
1132851

19.29 Character of Marine Swell
19.29.]  Authors
No Entries

19.29.2 G B. Pateni Specification
1215440

19.30 Vehicle Anti-high-jack System
19.30.1  Authors

No Entries

19.30.2  G.B. Patent Specification
1339820

(Sce U.S. 1843959)

19.31 Motor-cycle Headlight Orientation
19311  Authors

No Entries

19.31.2  G.B. Patert Specifications

1470715
1538069

10.32 Gyroscopic Engine

19.32.1  Authors

No Entries

19.32.2  G.B. Patext Specifications

No Entries

PN N G

R AU D W S
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i 19.323  U.S. Patzr; Specifications =

1260943 2

2211064 E

19,33 Clatch Mechanism

19.33.1  Auihors
No Entries
19332 G.B. Patent Specijicaiion

75633

& DRRAIGK

19.34 Arti-hunting Regulator
19341  Auhors

No Entries

18342  G.B. Paieni Specifications
o Entries

19.343  US. Petent Specification

# 2162452

19.35 Travelling Crale (toy)

19.35.1  Auwthors

No Entrics

19.35.2  G.B. Patent Specification
26895 0f 1911

19.353  U.S. Paten Specifications

TR R

"

1772208
2371368

1%.36 Gyro-bus

R i o =y gt oo

1831 Authors
Arnold R.N. Maunder L. (1961) (Sec p.162)

19.37 Magnetic Switch

H

19.37.1  Authors

No Entries

19.37.7  G.B. Patent Specifications
No Entries

19.37.3  U.S. Paten: Specification
3307413

19.38 Gyroscismomeier (See 19.44)

12381  Authors

AR R O O G R A, T\ B O AR

No Etries
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19.382  G.B. Patent Specifications
No Entries

19383  U.S. Patent Specificaiion
4026383

19.384  Russian Patent Specification
490056

19.39 Windmills

19301  Authos

Weisbrich A.L. (1978)

- 19.39.2  G.B. Patent Specifications
No Entries k.
19.39.3  U.S. Paten Specification
4302152*

19.40 Shaft Encoders

1940.1  Awthors %
No Entries 1
1940.2  G.B. Patent Specifications

Mo Entries

19403 U.S. Patent Specification Y

3998088
19.41 Gyroscopic Aiming

1941.1  Authors

e ™ S

No Entries

1941.2  G.B. Pateru Specifications

No Entrics

1941.3  U.S. Patent Specification
. 4218827

19.42 Gyro Extraction of Energy

19421  Authors

No Entries

19422  G.B. Fatent Specifications

w

No Entries

*extensive prior art listed o

1
!
|
|
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19423 U.S. Patent Specification
2716893
19424  French Patent Specification

2330881

19.43 Wave Energy (Ocean Wave Energy Comversion)

Lkl

i

19.43.1  Authors

Ve

No Entries
19432  G.B. Patent Specification -

2058938

i ' :
L 3 19433  U.S. Patent Specification
4161889

19.44 Torque Generators Gyroscopic Vibrators (Seismumeters) (Sce 19.38)

19441 Authors

Diamaniides N.D. {1959)
- Sorg M. (1968)

o ”"ar* -

19.44.2  G.B. Patent Specifications

422577
1511040

WP Pt )

19.44.3  U.S. Patent Specifications

: 2158180
2432430
: 2716893
H 3691853
: 4026383

19444  Russian Patent Specification
490056

19.45 Railway Car Roll Control
19.45.1  Authors
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1459198 3078728 4189946 4510869
2402718 3276270 443115C

244 ScaTorpedo

244.1 Authors

Cohen P. (1952)

Dumas A.(1915)

Gray J.G.iii (1914)

Klcin F. Sommerfeld A. Partiv (1910) p.782 etscq

Sears W.J. (1898) fine plates

Sperry E.A.ii (1910)

Williamson W.P. (1916)

2442 G.B. Patent Specifications

12169 of 1897 53140f1915 134245 278015
8738 0of 1910 138130f 1915 135871 295047
27280f 1910 14654011915 146712 30603
27871 0f 1910 1578 of 1915 149388 322467
28558 of 1910 15772011915 149439 323195
2105of 1911 17300 0f 1915 160283 378545
8002 of 1911 17895 0f 1915 165033 381150
18861 of 1911 17897 0f 1915 173541 433404
33201912 106393 185162 582845
26990f 1912 161225 191307 636117
11459 0f 1912 101298 191410 715333
29531 0f1912 103607 199804 74081
61630f1913 106299 209799 740696
6272011913 110157 214215 58235
71600f 1913 117825 214561 905330
18859 0f 1913 126689 230835 920713
28748 of 1913 127324 231229 920714
10289 of 1914 127662 233419 1169161
16328 of 1914 128236 238242 1347462
16900 of 1914 128962 242093 1346362
18408 of 1914 130426 244302 2106245
16450f 1915 131037 260352

40320f 1915 132301 268833

o g e




Pt e-toppeslysienii

2443 U.S. Paten: Specifications

20666 0f 1878 983467
3824 of 1905 1030134
2812401906 1033994
11833 0f 1907 1033995
19987 of 1908 1077344
27923 0f 1909 1080166
311325 1098074
458677 1127403
562235 1145025
291768 1150678
607440 1156350
621364 1163606
661535 1163607
716517 1175435
741683 1179440
785425 1180365
795045 1189239
814969 1197134
818987 1204852
£39161 1233761
894838 1295003
901355 1296329
917449 1296330
925710 1304255

24.5 AirTorpedo
2451 Authors

Grondahl L.O. (1948}
Keller CL.(1961)

2452 G.B. Paten: Specifications

283310f1912 5379816
103557 582840
133314 582841
467712 582845
579807 1446362

2453 U.S. Pateru Specifications

24354 German Pasent Specification
3065620

24.6  Rocket (Guided Missile)
2461 Authors

Anon (1971)

Colbert D.C. (1958}
EfimovM.V. (1970}

Hansen Q.M. ctal (19673
Levinson E. (1959}

Manley CT.(1972)

Miller J.E. Feldman 1. {19568}
Kaylor G.A.(1977)

Nesline FW. Zarchan P. (1981)
Salaberry B.de (1985}
Schwieder W. (1976}

Stewart RM. (1959)

Vergez P.L. McClendon L.R. {1982)

1312084
1314157
1318980
1322232
1326571
1332302
1360259
1360325
13706285
1378291
1402745
1405078
1410931

sasqoce
iS00

1420231
1421854
1428568
1431140
1431141
1431142
1431144
1340578
1446276
1527775

1527777
1554732
1598107
1772348
1855349
1973545
2419164
2453828
2543422
2725841
2754789
2788761

2974821
2936109
2986110
3053217
3067710
3083666
3332382
3496526
3714917
3756538
3826210
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Vermisher Yu. Kh ,
Yagodin V.V. Ikhlebnikov GA. { 1959}

2462  G.B. Pateru Specifications

27623 of 1909 938415 1385391*
641934 559069" : 1394663
740681 1015916 1135334 1436941
740696 1020200 1141999 1336362
778680 1023903 1161481 1475112
784576 102476° 7 1478792
793795 1031395 1386537
£32450 1039595 1491953
§39770 1053713 1497065
§42775 1066914 1539581
S 864751 1675703 1543630
574101 1 3 1598506
2 §79533 1086178 2005412
912671 1102813 2084727
: 935957 1109515 2102571
951735 1109634 2129554
952267 1116801

PSP

2463 U.S. Paten: Specifications

975732 26 4114452
2079559 o8 3116404
2158180 26 4218827
2815584 34 1236314
3067682 82 39129
3077786 3604277 4510869
3162032 322355
3165282 4606239
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25.  INERTIAL DRIVES AND MACHINES GIVING UNI-DIRECTIONAL MOTION FROM RGTARY
GYROSCOPIC MOTION (ANTI-GRAVITY)

25.1
2311 Authors

Ancr{1976)

Bridgman P.W. (1961}

Charmae PX._ Ezekiel 5. (1965}

Che on {3929}

Colien JM. Sarill WJ, Vishveshwara C.V. (1982)
DiBelia A. (1968)

Dwyer J. (1976}

Felt JW. (1962)

Hayasaka H. (1978}

Jones A.C.{1975)

Laithwaite ER. i-vii inclusive 21974-1977
Leipholz H1.(1968;

Long DR.(1976)

Pages M. (1974) {See p23 re Drouet project)
ShakirR.(1974)

Tournay-Hinde EE.{1917-18)

Vincendon D. (1974)

Walgate E. {1974}

Zhuravlev V.F. (1982}

See Daily Express (Nov. 9 1974)
Anti-gravity breakthrough
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25.1.2  G.B. Paten Specifications

422577 1511040
1081795 1535174
I 1202456 2090403 i

1412146
1379450

3 251

* 1947562
2734383
3
}
p

L")

{18, Parers Specifications

4854*
335915
526605
633269
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2886976
3006581
3203534
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2514  Gennan Patent Specifications

2341243 Offenlegungsschrift**
2416283
2442604

2505 French Patent Specification

[

063784

i

2516 interratiorai Patent Specification

WOB6/05852

*Sce Latthwailte ER I {1975)

** This iuvention was demonsirated 16 the Germar, . ént officein Munich on 30 April 1974 and was supported by a Statutory Declaration =
insupport of its motica by Prof. ELLaithwxite dated 2 October 1973, The same device was seen to work By Mr G X C Pardoccf Hawker =
Siddeley Dynamics Lia and this is stated in a letter (o the Inventor of 14 Nov 1972, A subsequent Technical G -

ooy M = ote TN 3925 of 5 March =
1973 by [ lawker Siddeley Dynamics written by A.Smith altempts t., show that the machine carnot work from 2 mathematical enalysis, -




S— PRI

26.

MATHEMATICAL ANALYSES AND THEORY
26,1 Mathematical Analyses Before 1900
26.1.1 Authors

Allen CJ, (1856)
Baden-Powell (1634)
Bamard 1.G. (¢.1858)
Bour (1863)

Bridge 1. (1857)

Briot (1842)

deBrunF. (1893)
Cayley A. (1862)
Chamousset F. (1891)
Clark J. (1865)

Cook W.(1857)

Curtis AH. (1862)
Darboux A.von (1885)
De Brun F. See Brun
Delone N.B.(1892)
Duchesne G.(1897)
Euler L.(1707)

Ferres NM. (1870)
FrisiP.(1793)

Frenzel C. (von. (1881))
Gilbert PL.(1877)
Greenhill AA, (1895)
Gylden M. (1893)
Hadamard J.{1895)
Halphen G.H. (1885)
ayward RB.{1864)
Hess W. (1882-1890)
Henry M. (1885)

Hirn M. Faye M. (1878)
Jacobi KGL (1827)-(1862)
Jouffret M. (1874)
Kobb M.G. (1895)
Koenigs M. (1891)
Kowalevsky S. (1889)
Landen 3. (1777.1785)
Lioyville J. (:858)
Miodzeevskii BX. (1894, 1896)
Miodzeevskii BK. Nevrosov P.A. (1893}
PadovaE. (1884)
PainlevéP. (c.1891)
Person C.C_(1852)
Poinsot L. {c.1834)*
Poisson S.D.(1815)
Powell B.(1854)
Puiseux V. {1852)
Routh EZ, (188%)

de Saint-Germain A. (1887-1889)
Saint-Guithem P. {1854
Someoff 1. (1835)
Stewar: R, (1858)
Stieltjes T.1. (1524
Sylvester J1.(1866)
Villarceau Y. (1855;
Volterra V. (1898)

W. (1836)

Worthington A.M.(1897)

*25 atribule 2 century on. See GB. Parent Specifications §.-4283




26.2 After 1900
26.2.1 Authors

Aldoskin Yu. G. {1972}

AnchevA.{c.1962)

Andreev D.V. (1983}

Anoni (1907)

Anspach (1911}

Ardonin LN. (1970}

Arkhangel ‘skaia M. Iu. (1982}

Arkhangelskii lu.A_(1963-77)

Astier M. (1909)

Barton EH.(1910)

Belikov S.A. (1951)

Belitzkii V.V. (1957)

Block A.{c.1944)

Bisconcini G.(1935)

Blokhin LN. (1971.1974)

Bogoiavlenskii HA. {1958, 1974)

Bogoyavlenskii O1.(1985)

Bokshevish AL {19813-(1984)

Bolotin S.V. {1984}

Borzov V1. etal {1973-75)

Bryuno AD.{1972}

Buigakov BN, (1946}

Buralkhiev 8. (1970}

Burlaka P.M. (1974)

Capodanno P. {1977}

Chelnokov YuN. (1

Chessin AS. (1909}

Chetayev N.G. (1954} {See Maunder L.iii 179 p12-14)

Clauzel G.(1912)

Demin V.G. Kiselev F.1.{1973)

Demtchenko V. (1924}

Diaz 1B. Mewcaif FET.{1962) 1

Dmitriev A.Yu eta! (1977)

Dobshevich AL {1968}{1981)(1984) k

Drofa V.N.{1961)

Elfimov V.5.(1974, 1978)

El'Sabaa FM. (19783 {1981}

Felstein M. (1974)

Fradlin BN, Siyusarenko V.M. (1975} (149 references}

Gabrielian M5. (1966}

Gashenenko LN, Kasyanik V.N.(1983)

Golubev V.V. {19560}

Goldstein H. {1951}

Goodman LE. Robinson AR. {1957)

Gordon E.Ya.(1973)

GorclovaE. Ya Strygin

Gorr G.V. (1973} {

Grayson LP. {1965} {Sce p.91 history of Lyapunov ot Kzén}

Gricli G.{c.1937}

Grobov V.A. Kotsyuba A V. (1971)

Guliaev M.P. {1973

Hahn W.(1963)

Hammon R.L. (1960}

Haiding CF. (196

Horowitz IM. {196

Ishlinshii AJu. v

Ishiinskii A.Yu. etal {1985)

Ivin EA.{1985) ’

Kane TR.ChiaBS.{
ian AV.1
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Kobrin A.I. etal{1¥
Kolesnikov N.N.{196
Komarov VN, {;9? 3]
RonosevichBL Pazé

Lernams E. {!%ss
Lesina ’\i.E. Savchenko / AYa (1979

\{akeﬁ NN, {}
Marinbakh MA. (1951}
Maupder L.i 5
Meirovitch L&
Merkin DRSS
Metral AL(193
Milnor LW. {1912}
Moser J. (1968}

’\sdbtullm MK.{1

Novaselov V5.1
\mozh:m V.ii

Parker L. (1969}
Pars LA.{1965}

Pascal (1Y39)

Pavlovski ‘é A.zér:éi‘é ANV, Vincaradov GM. {i9
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Sergeev V.S, (1976)

Sethna P.R. Balachandra M. (1974)

Shuravelev VIF, (1973)

Slate F. (1912)

Slomianski G.A. (1953)

Smimovs, EP. (1974-5)

Sneddon LN. LN. (Ed) See pages 323, 327, 908/9. 335, 587-592, 641
Sobolev V.A. Strygin V.V. (16.8)

Sokolova LE. i iii (1968, 1972)

Sosnitskii S.P. (1982

Stickel P.{1901-8)

Stepanova L.A. (1974)

Stiefc] E. (1976)

Svetlov AV, (1938)

Tatarovskii AM. 11t iii (1960-1961)

Tatarinov Ya. U. (1974) (1923)

TeaP.L.(1932) (elementary)

Thomz+,J.(1961)

Tkachenko AL (1973;(1985) 1
Tsehnan ™ “h. (1972) 3
Tsodokova N.s. (1965)

Tsopa M.2.{1979, 1980) (1984)
Udeschini 2. (1942)

Valeev K.G.(1974)

Varkhajev ke.P. (1982, 1983)
Varihalev Yu,2. Gorr G.V.(1984)
Wazers D.C. (1962)

Wenglarz R.A. Kane TK. (1968)
Wippel A.P.R. Maundes L. (1463)
Wolff CE. (1910)

Woikowitsch . (1932)

Weude W, (19232

Yakl'ya Kh. M. (1585)

Zajac E.E. (1964)

Zhuravelev V.F. (1973)

Zlockevskii S.I. Zharkov G.M (1983)
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26.3 A Review of the Mathematical Analyscs listed previausly

‘The mathematical investigations into the dynamics of an absolutely rigid body about a fixed point have been extensive, both
in Europe and in the Soviet Union. In Evrope we have the carly work of Hess. W.{189G}* and that of the: Russian
mathen.atician Sofya Vasilyevna Kovalevskay1{1850-1891 1%,

Kevalevskaya formulated the statement of the cxisténce of unique solutions of the problem of the rotation of a keavy body
about a fixed point. Her ¢lassic work is well explaiued by Tabor, M. (1984} wko hows that it concerned the solution of the
Euler-Poisson equations that describe ik= motion of a top spinnirg about a fixed point. Tney er- a set of six, first-ordez,
nonlinearly coupled, ordinary diffcrential equations of the form

g, da
Afﬁw— Clgr = Bz + vy i Br-vq

A9 e S

Ed: ={C~AJpr—vyx, + az, e ¥p - ar
Cd—’ﬁﬂt—ff) g~ ay, + p i~’—'=a - B
a v r9 3 Xo dt 4 P

wherz(p, g, r)and{a, §. y)ate the compone  of gagular velocity und the directios: cosines {that define the orientation of
the top) respectively. The variables (A, B, C)2nd (xy, 3, 2} azc the moments of inerta and the position coordinates of the
cenire-olgravity respectively. These are the adjustable parameters of the system — for different value. of which the sysiem
may or 2y nnt be integrable,

“See Stepanova, L.A. i) U. raboteki D.N. Goriacheva po dnamil g0 tela Mekhanika Tverdogo Tela Kiev{1969; pp.65-75 4i} ¥,
istorut eshervie V. Gessa zadachi o dvizhenis tela imciushohe o0 o aviv tochku: O nekotgryki 0bobshche aia unariantziogo
seatiosheniia Gessa Mektznika Tverdogo 221a Kiev(1970) pp.- -

**See Polubarinova-Kochina 2{1957); Elsgolis ~.. {15 s0} yp-211-250: Kenmer EB.£1973% Tabor M. (19848
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The solving, or integrating, of such 2 system of equations proceeds by identifying the integrals of the motion — a compi. «
int2gration requires one to fird as many integrals ¢ the order of the system {six in this case), Those integrals are various
anzilytical functions of thn dzpondent variabies that are constant in time, From fundamental physical considerations there are
certain ‘ez ical Integrals that can Le identified immediately. These are the total encrgy, the angular reomentum and, from
simple geometric considerations, the sum o+ /3 + y*, Asit turns out, with further standard simplificatiors, a complete
solution of the problem requires the find'ng of oily onc more integral. The quest for t 5 fourth integral became a popular
problenyin eightzenti and ninetzenth century mathematics. However, it could only be found for thice spacial cases: the
trivial case Of A =B= Cthecasex, = % = g duetoEulerand thecase A = B, %, = 3, = O dueto Lagrangs. A general
solution to the problem, aceording to Tabor, seented to be unobtainable.

Tas qust for the existance coaditions of the fourth integral was finally solved inrer alia by Poincaré JH. c.188. See Sergeev
V.5.{1982}. Mainlcvé P. {c.1891 to ¢.1900) Husson E. (190‘&} Burgatti P (1906-1910) and Polubarit:ova-Kochina {1 940) For
a comprehensive work in English see Leimznic E. (1965).

FradliG B.N. aw{ Slyusarciko V.M. {1975*, 2 translation of whose work is reproduced below, show that attempts have been
made to oblein the equations taat have the simplest form [17, 38, 39, 53, 86, 98, 103, 108]**. A result vlose to that expected
had clreaay been obiaived by Wil less[21]in the 19th centu,y. Introducing new variables, Hess indicated a third-order
system, which, howcvcr. also contained leading variables. The Hess equations are discussed in the monographs of A.Gray
and V.*/ Golubes j2)1 and the articles under the following references {129, 135, 141, 144, 145, 146},

N.Kowalewski's problem of 1908 {134} reduced to two equations. each of which is of the second ordes, under the assumption
that the ccantre of mass of the body is found on one of its principal axes of inertia with 1espect to a fixad point. Using these
equutions, he succeeded i obtaining a new solution. Similar equations are presented in the manuscripts of $.A.Chaplygin
{72}, where the firstintegral ot these equations is indicated. and the integrability case bearing his name is obtained.
seneraliziag the svlution ¢ Goryachev {33},

Using the usus{ methods of analytical dynamics, Bilimovich {17} and Kharlamova [88} showed that the problem can be
r2duced to ¢ single second-order differential equation: however. the latter can prove to be extremely cumbersome.

Kharlamov {110] proposed a new approach to the solution of this question. He noted that in the investigation of the problem
of the motion of a heavy rigid body in a number of cases it is more convenient to refer the motion of the body to coordinate
axes that the author calls special. The dynamic equations of the problem obtained by Kharlamov {103, 108} in the speciul
coordinate system ho~ = the form

dy .2
La a,)yz-fin—b,Q)x‘(xd‘—z-{ﬁ)-}-{j Yby + baz}
. A § B L& _z-l L S A )
+ X a‘g}‘i‘ a-g..j'i'ix—E.t"l\—, (L1}

flas — @} yz + {by — biz). l— +{a = ayxz = iby + bz + b;fl

o
———

2

+ {%éa; —myyr =iz - bhy)x i— +la = ayxy—iby+ i)y~ bx}
l 3 a I . . . 12 - _
+ E(ax" oy +al)tibhy+ h)x - E; -r=0

In these equations-x, y, and z are the components of the angular momentum of a body in a rectangular special coordinate
system, the first axis of which passes through the centre of mass of the body. and the remaining axes of which cre chosen so
that the kinetic encrgy of the body will be

=ad + ay = a7) + by + bia)x.

Considering the problem of the motion «f a heavy rigid body with a fixed point as a particular case of a more generul
problem — the problem of the motion of a heavy gyrostat with constant gyrostatic moment — Kharlamov [1 10} reduced the
latter 1o the integration of a system of six ordinary differential equations,

*Sovict Applied Mechanics 11 No. 8(1975) pp 809-819

**The numerals in square brackeis refer to the bibliography at the en- of this Review. The bibliography extends to 149 references, many
1 the translation published in 1975 are inaccurate and carry no paginauon, further certain works are stated to be i Russian when in fact
English translations exist. The bibliography in this section is fully corrected for readers of English.
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— Ao B~ Clgr bgr— g+ vy = Lyl

ve=rnquiA, B Cpqnl, 2,3 (1.2)

g

where A1, &;. and A, are the cosnpcenents of the gyrostatic ninment, cozefant with Tespect to the body.

This systen1of .quations was transformeu {108] to the forni {1.1). Alnost all the results of the classiced problem of the
motion of 4 heavy rigid bodv with sifsgle fixed poini were extended to Zhe probica of the motion of a heavy gyrostat.

Tn the rost general 1orm of Kharlamova [$0}, one of the three peincipal vasiables x, y, amd z was “liminated in Equations
{1.1). Howevcr, the estabiished differential eqaation, which connects the twe principal variables, is extremely cumbersome,
and is therefore praciicelly uscless. Of vrincipal value is the ittegrodifferzntial equaticn first found by Khartamova [86],
which is aquivalent 10 the sysien of differential equations of motion of a heavy rigid body about a fixed poiat This equation
opened mzny possivilities for further investigatiors {n the given area. The equation of Kharlamova was obtzined assuming
that in the Principal siane of the ellipsoid of gyration for a fixed point, there Uee the centre of mass of  systeniand «he
vector of 2he gyrostatic moment, Jt cosnects the tvo coinponents x and yof the angalar momentum with respect to the
cocrdinate axes belongivg to the indicated plane.

Soluiions Ghtain =2 1tne 20tk Jentury for the Equations of Mezion Jf a Heavy Gyrostat.

We {irst distinguish the solution with three Encar invariam relations, which was ctudied by Kharlamov {110, 112} 1t
detecmines the ciass of simplest motiors of the body {vniform rotations of the body about a tixed point). A cone fixed in the
body is indicated. and iis g2neratnices can serve as axes of uniform rotation, This cone was thoroughly studied by Anchev{l,
2} ard Kovalev{45}. and 11 the absence of a gyrostatic mement it was investigated earlier by O.Shtande and

8.K.Mlodzeevskil. This question has also been studied bv othier authors [62, 69, 70, 121, 155. 139, 149% 3
There exists a unijue solution with two linear inivaricnt relations given by Kherdamov {104, 109, 110}, which was obtzined

under the condition that the centre of mass of the gyrostat e in the principal plane of the wertia ellipsoid. The motion of the

ody wo obtaincd is given a kinematic interpretation ] 107). A purticular case of the giver: solutior: is the Bobylev — Steklov J

solution {sez the wetk of V.V.Golubev {21} and the solution of the provlem of the moton of a physical pendulum,

Theie are four well-known solutions with a single linear invariant relation; these are the solutions of Lagrange in 1788 see 1
Grioli 11281 Srotenskii {73, 74], and Kharlamova {891 !

Sretenskii obtained the indicated solution by assuming that the centre of mass of the gyrostat iz perpendicular to the circular
cress sectios of the elips..d ¢ I gyration. A particulzr case of this solution I3 the solution f Hess, which was stedied curlier
by P.A Tiekrasov, SA Chaplygin, N.E.Zhukovskii Joukowski}, G.G. Apper'ret. end B K Miodzeevskii. A complete review of
these studies is given i the works of Stepanova {76, 77}, A geowctrical interpretation of the solutions of L.N.Sretenskii and
Vi Hess vas gzven by Kovaievidd, 45-50).

In 1947, Griali[128] obtained a solution with a sngle lincar invariant relation. describing the regular precession about an
axis. It was ovtained and generalized by Kbarlamova [89, 92, In {2} the solution of Griol was investigated on the

obliquez
wasis of the kinematic equations of Khavlamov {110}

The qaestion of the existence of solutions with lincar invar‘ant: 2lations v-as first considered by § A.Chaplygin, and the
results were refined by Kirarlamov [102], These investizaticns were conducted under the condition that the con.re of mass of
the body ¥i= in the principal planz of the ellipsoid of gyration. and that the gyzestatic moment equal zero. The investigation of
the problem of the motion of a heavy rigid body about a fixed point with the Leip cf the integrodifferential equation
established by Kharlamova[86] allowed a complete solution 1o be obtained for the question of the conditions of existence for
solutions with algebraic huvariant relations under certain limiting assumptions: the centre of mass of the body lies in ons of
the principed planes of the ellipsoid of eyration, and the gyrostatic moment 15 not zero {91, 967, In this case the new and most
recent solution with aFine < invarians relavion is ubtained [89]. Solutions {81, 831, found catlicr by Fhatlamova, are a
particulaz case of this solution.

Goryachey indicaied a solution [32}in which, in addition 1o a quadravic invariant relation, there is also a fourth-degree
invaziar: relation, Kharlamov {110, 1 11jcompletely itivestigated this solution and gave a geomatrical interoretasion for the
motion of the body. b swidies {105, 110, 111] he indicated two ipcre sofutions. The first solution with two quadratic
invariant reletions was ohtained under the tondition that the centre Ct mzss lies on one of the principai axes of ines tia, and
the vector of the nydrostatic moment is directed along this uxis. The soluiion of Stekloy :21]is 4 particulur case of this
solution. The secund solution generalized the case of Kowalewski {134} The indicated solutions are discussed in the studies
128,29,61.65,67,99, 1161

Chaplyginin 1948 il?{’!}obmincd asolution in which. besides a quadratic invariant relation, there is also a sixth-degree
algebraic invarizat relation. The geznvstricaf interpretation of this movon was given by Kharlamov {110L

A solution with a quadratic invariant relation was obtained by A.J.Dokshevich under the conditon that in a Lagrange
gyroscope the gyrostatic moment is arbitrary. Tac uniqueness of this 5oltwion was shown by Kharlamova 1241
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We note three more soliiions with a quadratic iivariant relation. These are the solutions of Kharlamoy {114}, Khatlamova
136. 95}, and Kharlamova and Kharlaatov [ 110]. Parsicu’ac questions referring o the given solutions are discussed in the
sindies{40, 41,51, 97, 191,115,117},

The algehraic invariant relations in four solutions — those of Stretenskii {73, 74], Dokshevich 132}, Mozalevskaya [62, 63},
and Konosevich and Pozdaiakovich [54) == contair: zerms of higher degree. Thus, in the solution of {62} there cxist two third-
degree algebraic invariant relations, and in the solution of [42; there exist two fourth-degree algebraic invariant relations. The
solwticr: of {54 is very spesial in structure. Tt was investigated in {55} using the hodograph method. I'he indicated solutions
were ubtained for very strict consteaints iniposed on the mass distribution and on the initial conditions.

Thus, in the ;roble n of the motion of a heavy gyrostat there exist twenty solutions in closed form, of which three of them had
been found in she 18th and 19th centuries {we bear in mind the solution of L.Euler, generalized by N.E Znukovskii
{Joukowski}, the solution of J.Lagrange and S.V.Kow=levski as discussed by L.V.Kudryashova and L.A Stepanova in [58]
and by G.N Savin etalin{7:})

Y

i

A review of the exact soluticns of the dynamic equations of the problem being considered was given by Kudryashova and
Stepanova{55i

4 Geometrical Interpretativn of the Motion of - Rigid Body abeut a Fixed Point,

For a long time the gencral theorem of Poinsot about the interpretation of the motion of a body with a fixed point by means of
the rolling without siipping f a moving axoid with respect to a fixed ainoid was not used because the construction of a fixed

¢ axoid using the Euler ang!s3 is a very complicated problem; thix is because in the transformation from a moving system to a
fix>d system in thase parameters we obiain cumberseme ard nonsymmetric expressions which hinder the investigation of the
L 3 mation of the body. This impasse was overcome by Kharlamov {108, 110}, who established new kinematic equations of the
H fixed hodograpl: of the angular velocity,
k @ = gy P WY vyl m:, = (of = u)§ + u):; - mf H

4 i Py owow

3 w; da W W W
dw, do. do;

—;

{« and v are functions of some time-dependent parameter o 1.

Since it is the directrix of the axoid of the body. the hedograph of the anguiar velocity enaoles us to construct this cone and to
reduce the 1avestigation of the motion of a rigid body with a fixed point to the motion of the roiling of a moving axoid »“th
respecs o a fixed axoid. Usiny this method, a geometrical interpretation of the motion of a gyre.at in vanous cases of
iniegrability is obtained in the studics {24, 26, 29-31, 16, 38-50, 51, 55,61.63-65,87.99. 116,111, 116, 117).

Motivn of a Rigid Body with a Fixed Point in a Potential Force Field.

First, we shoutd note the studies of Goryachev {34361, in which solutions are constructed for the problem of the metion of a
tody in a potential foree iseld under the condition that the foress acting on the bodv admit a force function U. The question
dealing with the search for the function U, in such a form that the equations of motion admit integrals of definite form. is
solved. A <Jetailed review of these solutions has been given by Stepanova [75).

o,

In recent years. there has been i 1ereased interest in the problem of the motion of a rigid body in a Newtonian force ficld,
formulated by L.Euler back in tie 18th Century, in connection with investigations of the metions of artificial satellites. In
calculations ofthe rotational motions of gyroscopes and satellites, the gravitational ficld amost always is assumed to be
homogeneous. This assunption is inadmissible in more exact investigations in which the forces of Newtonian attraction must
be tuken into account,

Oy

Belutskii {12-14} has considered this problem under «ie assumption that a fixed point is found at a sufficiently large distance.
in comparison with the dimensions of the body, from the centre of attraction. Under these conditions on the basi= of the
general theory of Goryachev {34}, approximate equations of motion, which generalize the equations of the classical p1oblem
of the motion of a heavy rigid body about a fixed point, are disived. Beletskii has shown that the problem being considered 1s
finally solved if the body has complete kinetic symmetry, and alzo in cases similar to the cases of Zuler and Lagrange. Hohios
reduced the problem to quadratures and given its complete solution for the case of plane motion, In{13-15 ke has
considered the indicated problem for the case in which the furee ficld is symmetric with respect to some axis,

s

A series of studies by Arkhangel'skii [6-10] referring to the indicated problem are devoted to the determination of the
conditions for existence of a fourth algebraic integral and the construction of sofutions in which the principal parameters are
single-valued functions of the complex variable  In these studies it is shown that the sofutiens of the equations of motion of
the body are single-valued functions of time only if the body is fixed at the centre of mass or bas dynamic symmetry about
one of the principal axes of inertia, and the centre of mass of the body lies on this axis.

m
e
)

: Important results in the development of the given problem have been obtained by Kharlamova and Kotaluva [98], who
censtructed dynarmic equations of the problem of the motion in a Newtonian force field of a system of rigid bodies having the
structure of a gyrostat:

e
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v, = oy — 0,93(1,2,3)

For tnc conditis Y which thetensors Aanid A* thavarise iz the ealeulating of the angular momentare and the memznt of the
Newtaaian {orce field coincids me! thz azdrosranimoment eyuals zeic, these @ravons sre simplified:

40, = {A; — Adw0; = Suy) F Ly = Le)T, »o= w5, — ayr {1,2,3)0

For the conditica in which the tensors and A* coincide, Khalyr oa {85) cbaind exact sohetions of systerm (2.1, similar to
the case of Lagrange in-egrability ac-d the problem of the moti »n of a phyvicai otadulum, She determined a new case ef
itegrability for the enneitiony

L=k =0A=B+ CI3N+ ) =R+ C
Kovaleva [52] solve-] the quzstion of the <onditions of existence of the solutions of systein 2.1y with lineaz invariant relations.
In tiie case of the establishment of definite constraints on the parameters of the system in the sonstion of Xharlamova {851
'Jorr{’)z 23, 25, 27} investigated moving and fixed hodographs of the angular velocity and gave a geometrical interpretation

{or the motion of the body,

Sarieof the hwdies of Kbarlamova {82, 841 are devoted to the construction of exact solutions of system {2.2}). A complere
review of these investipations is given in the articie by Kudryashova and Stepanovai$7i

Xoiion cfa Rigtd Dody abotit a Fixed Point in ihe Fresence 6f Additional Consirainis

The first experimens ¢p the formulatios of thie problein of the rota .i:m of a rigid bm’i} abwotiafixed pomt in the Eulercase in
the piesence of nenholonemic wup!ms: was conducred by Suslov {78} Voronis | 1194 and Xu,g_nf: {181 who did not impose
ary constraints on the momicnss of inertia of 1he body, but assumed that tie cznire of mass of the bady coincides with the
{ixed point.

Realization of the nonholonomic consirain o; = 0 Susov is carried out such that the body is connected fo a filament. which
does not yield under tordon; the other end of the filament is rigioly Cixed, where the tnagentio the flament ot e pointat
which the filament {3 fzstened to the body passes through a fixed poiat 0, Under this condition the instantaneous axis ¢f
retation of the body is in a piane {hat is permanently coupled with the body, passing through the point 6 porpendicular to the
irlicated tangent.

Vagner proposed another reatization of a nonkolomic constraint (a ngic body provided with two small wheels with sharp ribs
Iying in a single plane).

Kaeeatly a number of studies 43 9,80, 93, 113, 118]Lavc appeared, which cre divoted 1o the study of problems of
the motion of a heavy rigid body 1‘ th 2 fixed point in the presence of additior.al constraints.

The principal resuits in this di® :ieva were obrained in the studies of Kharlamov, Kharlamova née Zabelina, and
Mozalovskiya 43, 63-67,86. 9% 15 1i8L

In 1957, Zabelina 143} investigated the indicated prublem under the condition that the ~entre of mass of the body be found in
the pnqcxpal piang of the insrtia ellipsoid with respect o its poxm of support, not coinciding with the fixed poimt ofthe body,
and witn acsount of the action of gravitationat forces. The norhoiunomic constraint in this iavestigation can be realized
either baseC on the metliod of %ﬁim ur the method of Vagner. The case of integrakility is found by applying the theory of the

reducing, factor of Clicplygin, which he daveloped for an investigation of nonhclenomic systems.

it

In the study of Khailameva-Zabelina [50% 2 nonhclnnomiz constraints is assumed to be realized suck that thz instaptaneous
axit of rotatior of the bady throughout the entire snotion does not leave some sperific plane permaneatly fixed in the hody.
Usngamethod propn\ed by Stretens¥ii, Kharlamova-Zabelina consilers the case of rapid rotation of 2 body and presents a
Jeailedt investigation of the trajectory of the -apex, which enables cae fo construci an asphm geometrical represeatation
dealing with Il‘(, moticn of the body fo: the given ponholonomic constraint.

Thz preblen of the rofation of a rigid body about a fixed peint restrained by a nonholonorde constraint can b2 exicnded to
the case of a heavy gyrosist, Such an extension was obigined by Khaflamev and Kovaleva {13 51 { The nonholonomic
constiamnt hereis acmmpn.j:ed 5 & result of pure rolling of a body-carrier having a fixzd poin: and sherp circular ribs overa
fixesd surface of a hollow sphese fnsida of which the gyrostatis placed. Usirg the theorem of the variation of the kinetic
moment, the author constructs dviamic equations of motion ot the gyrosiat to wiich the eguation of nonholoniomic
constraint is 2ddrd. These equations ars easily solved in the simplest case of uniform, rotation of a body-carricr.
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n 2, Part 2, Feb. 1974, pp.201-208

Fiber-aptiz rotation sensor. toward an integrated device (a roxiew)
1 EU81 Tonferencs on Lasers & Eleetro Optics (1981) p.100

The Results of an integrated fiber-optics gyrosrope brass board
irst Internationa! Corfererce on optical fibre s2r.2ors. IEE London (1983)
pp.147-150

Unique integrals in the pritlem of the motion ¢f a rigid body in a Newtonian force !
field
Applied Mathematics & Mechanics 26 No. 3 (11'62), pp.856-354

A theorem of Princaré refersing to the proble:m of the motior of a rigid body ina 1
Newionian force ficid d
Applied Mathematics & Mechanics 26 No. 6/1962), pp.1693-1696

Algebraic integrals in the problem of the siotii of a ngid body in u Newwonian foree
field

Applied Mathomatics & Mecharics 27 No. 1 (1983), pp.247-254

On a mation of a balanred gyroscope in @ Newienion feerce field
Applied Mathematics & Mechanics 27 (1963) pp.1684-1688

3
On the motion f the Kowalcwski gyroscope in the Bohwlev-Sieklov case 3
Applied Mathematics & Mechanics 28 (1964) pp.640-642
Uniqueness (or single valuedness) of a general solution of the problem of motion of a
;
1
| 4
L
4

heavy rigid body in a Newtonian force field in a particulor case
Applied Maikematics & Mechanics 29 No. 3 (1965) pp 699-702

On the motion Jf ihe Fless gyroscop.e
Applied Mathem=tics & NMechanics 34 (1970) pp.934-938

On t/1e motion of Kowalewski’s gyroscope in the Delone case
Applied Mathematics & Mechanics 36 (1972) pp.126-129

Motion of a fast Goriaciev-Craplyqui gyroscope
Akacdemiya Nauk SSSR otdelenie Tekhnichestikh Nauk 1957, Ne. 7, pp.122-124

Th= tuned and damped gyrostatic vibraticn absorber
Institution of Mechanical Engineers Proceedings 57 (1947) pp.1-17 (See United
Kingdom Patent Specification No. 549893)

Gyrescopic Vibration abscrbers ~nd stabilizers
Kreiselprobleme/Gyrodynamics IUTAM Symposion Celerina 1962 Springer
Verlag 1963, pp.158-168

The monon due to siow precession of a gyroscope driven and supported by a
Hooke's joint
Proceedings, Institution of Mechanical Engineers (1952) 1 B. No. 3, pp.77-89

Gyrodynamics and its engineering applications
Academic Press Inc. (1961) (Pp.484)

The Laser Gyro(pp.1 33:200)

Laser Applications. Edited Monte Ross. Vol.1. (1971) Academic Press
Single isotope luser gyro

Applied Optics 11 (1972 Feb.) pp.405-412
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i, Pesitive Scale Facior Correction in the laser gyro. .
Enginears Journal of Quantum Electronics, CE.13 No, 5 May (19775 pp.338-343

il.  Dispersion and gas flow effects in tiie ring laser gyro
Optical Engineering 18 (1979) pp.376-380

Sul giroscopio magnetico N
Atti della accadentia nazionale dei lincei &{emorie (1946-1948); (1947) Serie VIl
Volume 1 Classe di Scienze fisiche, matematicne e. nxtarali, pp.195-204 (See Crova. A}

The MARK 27, ¢ new gyrocompass approach
Spetry Engineering Review 20 No. 1 (1967) pp.37-43

i.  Onthe errors of a two-stage integrating gyroscope caused by angular osciziations of
the base
(in Russian} Izvestiya vyeshikh uchebnykh zavadeniy priborootreyeniye No». 3
(1960) pp 54-58

it.  Onthe errors of ¢ two-stage integrating gyrosccpe caused by angular oscillutions of
the object
ibid No. 2 (1959) pp.56-58

ili. Errors of a single degree of freedorn: integrating gyro duc to angular oscillations of its
base
ARS Journal 30 (1960) pp.661-662

Experienace in use of gyrotheodolites in inspeciion af peints in 6 ge dctic net
AD.744-684(1972)

Rotational stabiluy of » Celtic Stone
Moscow University Mechanics Bulietin 35 0. 2 (1980) pp 59-62

Eiude sur le phénoméne gyroscopique
Revve dz Mécanwque 25 Paris (:909) pp.142-152

Behaviour of a compound pend:alum and a gyroscope in an artificial satelhite

Stanford Univ, Calif, thesic 1971, Pp.206. Available from Uwmiv. Microfiiins Ann Arbor,
Michigan USA 7211501

Example given of two gyroscopes employed for adtitude control of an carth nointing
satellite

The muliposition rate sensing gyrccompass
National Aerospace Electronics Conference. Proccedings (168) pp.181-187

i.  The fluid dyncmic theory of gas-lubricated bearings
Transactions of the American Society 5f Mechanical Engineers 72 (Part 2} (1957)
pp.1218-1224

ii.  Rectified rotary vibration in two-degree-of-freedcm and i; single-degree-of-freedom
Zyros
Kreiselprobleme/Gyrodynamics, IUTAM Symposies., Celerine 1962 Springer
Verlag 1963, pp.247-253

Simple approximations for optimum wobbie dampin, of rotating snte'lites using a CM.G
(control momeni gy>cscope)
AIAA Yournal 10 No.9 (1972) p.1160

4 pplications of gyruconpassing 1o space missicns
Tinal Technical Report N66-19641, 11 Fcb 1966. Abstraer in Scientific and Technical
Azrospace Reports 4 (1966) p.1453

On a ce~tain solution of the problem of motior: of ~ gyruscope on gimbals
Aplied Mahematics & Mechanics 34 (1970} pp 1080-2086
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. . Babayev, A;A, ~G)'rpscd;m'c Damper for Stabilizing Hand: Held Opiical Instrumenis o
’ Grishmanovn, N1 Soviet-Journal X Optical Technology 33 {1968) pp.26-29
s - ) Babayev, A.A, Design paranieters for a gyroscopic stakilizer for binoculars
: . Sukhoparev,S.A, Soviet Jormal of Optizal Technology 39 (1972) pp.258-760
Babayeva, N.F. Componrents and elements of gyroscopic instrumenis
Yerofeyer, V.M. (this transiasion in Englisn of 2 Russian work is said to be available from Clearing
House for Federal & Scientific & Techuicai information U.S.A. No. AD 6506 16)
Bache,R. To cast aside the magneuc compass 7
R ‘Technical World Magazine 19 (1913) pp.387-389 (a Jdeszripiion of the gyrocompass)
Bachkalo. B.A. Synthesis of dynamic systems by random search with guide sphere
Automatic Control and Computer Sciences 3 (1974) p.58
Baden-Powell Note on some experiments on rotary ntotion
: The London Edinburgh & Dublin Philosophical Magazine :nd Journal of Science,
Fourth Series 7 (1854) pp.398-401
Rurxer, KA. The theadolite gyro attachment
Reasd, RI. Proceedings of the 12th Australiun Survey Congress, Melbourne, (1969)
i Balachandra, M{Sce Sethna, 2R A study of gvroscopic systems
FhD. thesis, University of Minnesota (7214270 microfilmed 1972) 1971
Balsamo, S.R. New laser gyroscope tesing a passive ring resonaior g
; { Zekicl. S. TEEE Joumal of Quantum Electronics QE13 (1977) p.13D
Bambini. A. Theory of a dithered-ring-laser gyroscepe (A Floquel theory irzusiient) ]
Stenholm, 8. Physical Review. A. Ger¢ral Physics 31 Third Series. jan-June 1985 pp.329-337. Note: {
Bambini gives an incorrezt referenve to Floquet sce SMIRNOV, VL
j Banks, H.1% The gyroscope in mining
1 Colliery Engincering 27 (1950) pp.397-404; pp.453-456
Bard, D.O. Development of an oriented-wedge atr beaning ] s
AD. Report 247655 (1960) 1
Barker, BM. . Relativity gyroscope experiments at arbitrary orbit inclinaions

C'Connell, RF. Physical Review, D, 6 No. 4 (1972) pp.9536-961

The Gravitarional Interaction Spin Retation and Quanttm Effects — A Review
Gereral Relativity and Gravitation 11 Ne. 2 (1979) pp.149-175

i, Anciher effect of the Eurth’s quadrupole monen: on the precession of a gyroscope
Lettere al Neovo Cimento a cura della Societa Italiana di Fisica 4 No. 13 (1970),
pp.361-563
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iv.  Derivation of the equations of Motion of  yyrose:
gravitatic
Physical Review D. 2 No. 8 (1970), pp.1428-1435

nt the quanium theory of

v.  Effect of the Earili’s revolution around the s:in on the proposed gyvroscope test of the
Lense-Thirring effect
Physical Review Letters, 25 No. 21 (1970). pp.1511-1312

i Effect the gyro's quadrupole memendt on the relativity gyroscope experiment
Physical Review D, 11 No.4 (1975) pp.711-715

vii.  Relativisiic effects in the Binary Pulsar PSR.1913+16
The Astrophysical Journal 199 (1975) Part 2, pp. L25-1.26

Rarlow. AJ. Dispersion-induced ncw-reciprocal effects in phase-mudling fibre guroscopes

Dye, MS. First Internatioaal Conference on optical fibre sensors. IEE. London (1983) pp.155-

Trayner, B.T. 138 i
Barnaby, RE. Precision Gyroscopics { i

Sperry Enginecuing Review 12 No, 2 June (1959) pp.2-¢
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General theory and operating characieristics of the gyrotron angular rate tachometer
Aeronautical Engineering Review 12, (1953 Nov.) pp.31-36, p.106

Control of Thermal drift in floated gyroscopes
Sperry Engineering Review 14 No. 3 September (1961) pp.36-41

On the effects of initicl gyratory velocities ~nd of retarding forces on the motion of
the gyroscope

1838 (In‘American journal of education, v. 5, pp.299-304).

‘The same, 1838 (In American journal of science and arts, ser. 2, v. 23, pp.417-
422)

On the motion of the gyroscope as modified by the retarding forces of friction and the
resistance of the air; with a brief analysis of the “top”™

1838 (In Amecrican journal of science and arts, ser. 2, 25, pp.67-75)

The same, 1837. (In American Journal of education, 4, pp.529-536)

On the motions cf freely suspended and gyroscopic pendulums, and on the
pendulum and gyroscope as exhibiting the rotatjon of the earth
1874. (In Smithsonian contributions to knowledge. 19, no. 240, pp.15-31)

Phenomena of the gyroscope analytically examined, with two supplements on the
effects of initial gyratory velocities, and of retarding forces on the motion of the
gyroscope

38 p.1838, Van Nostrand's Enginecring magazine

Precession of the equinoxes and nutation as resulting from the theory of the
gyroscope
1874 (In Smithsonian contributions to knowledge. 19, no. 240, pp.1-14)

Rotary motion as applied to the gyroscope
1857. (In American journal of education, 3, pp.537-560)

Self-sustaining power of the gyroscope analytically examined
1857. (In American journal of science and arts, ser. 2, 24, pp.49-71) Mathematical
treatment

Analysis of rotary motion, as applied to the gyroscope
1886. (In Van Nostrand’s enginecring magazine, 35, pp.498-312)

Problems of Rotary motion presented by the gyroscope the precession of the
equinoxes and the pendulum

Smithsonian contributions to knowledge. 240, 1871 American journal of science,
1857.

The phenomena of the gyroscope analyticaily examined
BARNARD's American Journal of Education, No. 9, October 1871

The Arma-Brown iwo-axis floated gyro
Institution of Mechanical Engineers Proceedings 179 (1964-65) pp.159-165

Gyromagnetic and Electron Inertia Effects
Reviews of Modern Physics 7 (1935) pp.130-166

Histoire d'un Inventeur dans le domaine de Félectricité
Sec expusé des découvertes de M. Trouvé 1891

Elementary theory of the gyrascope
Engincering 89 (1910)p.797

Integration of the equations of motion of a grrocompass
Mechanics f Solids 20 No. 6 (1985) pp.1-11

Attitude control of the Apollo spacecraji
Agard Lecture. 45. pp.6-1 Attitude Stabiiization ot Satellites in Orbit. Sept. 1971
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Die Bewegungsgesetze des Raumkompasses
Ingenieur-Archiv 27 (1960) pp.365-371 (See Magnus K. iv pp.414-419)

Note sur la toupie due commandani Fleurias
Rev. Maritime et Coloniale; Paris 105 (1890} p.516

Experimental evidence of the existence of trapped polar compounds within the surface of
a gyroscope gas bearing shaft
Tribology International 8 (Oct. 1975) £.191

Mode matching for a passive resonant ring laser gyroscope
Applied Optics 22 No. 16 (1983)pp.2487-2491

i Anapparatus for obtaining high speeds of rotaticn
Review of Scientific Instruments 1 (1930) pp.667-671

il.  Rotors driven by light pressure
The Physical Review 72 (part 2) (1947} p.987

The Ultracentrifuge
Science 78 (1933) p.338

The Series 2000 — A Miniaure gas bearing D.T.G. for low cosi strapdown guidance and
conirol

AGARD conference proceedings CP 360 (1985) pp.11.1-11.14 paper presented
AGARD. Guidance & Control Panel's 39th Symposium. Cegme. Turkey, 16-19
October (1984)

Rapid balancing of gyroscopes with TEA.Co2 Laser
Electro-optical Systems Design 5 No. 5 (May 1973) pp.36-37

Journal tenu par Isaac Be. kman de 1604 a 1634. 4 tom.

Public avec une introduction et des notes par C. de Waard La Haye, 1939-1953.
Toupie pourquoi elle se dresse Yol.I p.30-31, p.242; Vol.2 pp.235-337, p.338.p.378,
p-379:Vol.3 pp.118-119, pp.142-143.

Son double mouvement, Vol4 p.160

Se meut dans le vide perpetucliement, Vol 4 p.186

Ansciiitz & Sperry gyrocompass

Académie de Sciences, Comptes Rendus 173 (1921) pp.288-290
Advanced mechanisms

MachMillan, (1966) (Stable Platforms pp.206-209)

i.  Some problems it the motion of a rigid body in a Newtonian force field
(in Russian) Prikladnaya Matematika i mekhanika 21 No. 6 {1957) pp.749-758

il. A particular case of the motion of a rigid body abowt a fixed point in a Newtonian
force field
Applied Mathematics & Mechanics 27 No. 1 (1963) pp.255-261

i.  Effect of Gyroscopic forces on Stability of Uniform rotation of a rigid body about a
principal axis
Mechanics of Selids (Mckhanika Tverdogo Tela) 16 No. 4 (1981) pp.1-7

it.  Stability of the uniform rotation of a gvrosiat round the vertical axis on an absolutely
smooth horizontal plane
Applicd Mathematics & Mechanics 50 No. ! (1986) pp.51-58

On the synthesis of the geometry of the suspension of an electrostatic gyroscope possessing
maximal rigidity
Soviet Physics DOKLADY 22 No. 9 (1977 p.488

Opticar Detection of Magnetic Resonaice in Alkali Metal Vapor
Physical Review 107 No. 6 (1957) pp.1559-1565
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i = Cosmic Research 10 (1972), pp.178:183. Translation from Kosmicheskie
:§ Issledovaniya 10 No. 2 (1972) pp.200-205
= Benatti, R.J. Gas bearings for gyroscopes
% Sperry Engincering Review 17 No. 1 (1964} pp.40-45
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=
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Optics Letters 7 (1982) pp.282-284 )
1 iil. Source statistics and the Kerr effect in fiber optic gyroscopes -
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Cooperman, B. Sperry Rand Engincering Review 21 No. 1 (1968) pp.9-18
: Decker, ED.
% Bertein, F. . Principe des lasers en anneau et application é Ia mesure des vitesses de rotation 4 5
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;1; ii.  Observations relatives aux ondes progressives d'un laser en anneau _
| Mémorial de L’Artillerie Francaise 39 (1965) pp.421-426 . |
} Bertolotti, M. Masers &Lasers; an Historical Approcch
k Adoem Hilger Lid. Bristol (1983) Pp.268
i Bertrand, J.L.F. Note sur le gyroscope de M.FOUCAULT f
H Journal de Mathématiques pures et appliques ou recueil mensuel de mémoires sur les
diveres partics de mathématiques public par JOSEPH LIQUVILLE. 2nd Series 1 {
(1856)p.37¢
also Comptes rendus hebdomadaires des séances de PAcadémie des Sciences 42
(1856) p.1021 : 1
for a translation into English see Philesophical Magazine 13 (1857) p.31
Bessen, AS. Strap-down navigation .
Levine, J. Sperry Engineering Review 17 No. 1 (1964) pp.19-25
Beth, HLE. On the stabilization of instable equilibrium by means of gyroscopic forces
F Philosophical Magazine & Journal of Scignce 49 6th Series (1925) pp.447-450
1
1 Beyerle, K. see FLAT.
r
« Bibikov, Iu, On the auto oscillations of gyroscopic stabilizers
. N. Lestev, AM. Applied Mathematics & Mechanics 34 (1970) pp.363-368
Bicking. RE. Development of a low power digital inertinl reference assembly (LR.A.J
LE.EE. Transactions on Aerospace & Electronic Systems, AES. 7 (1971) pp.544-549
| (Gas bearing floated temperature compensation) p
Bilimovitch, A. Sur les trajectoires d'un systéme non helanome
Académie des Sciences Comptes Rendus hebdomadaires des séances 162 (1916)
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The Gentleman’s Magazine 24 (1754) p.446

Motion of a gyroscope pendulum with an ideal unilateral constraint with respect i the
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Mechanics of Solids 20 No. 6 (1985) pp.53-56

i. A newapproach to the dynamics of systems with gyroscopic coupling terms
‘The London Edinburgh & Dublin Philosophical Magazine & Journal of Science
35 (1944) pp.315-344

i.  Damping without influence on frequency (gyrosiat}
Nature 191 (1961) p.1086

iil.  The ideal gyroscopic coupler
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Nuclear Induction
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The Nuclear Induction Experiment
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Magnetic resonance for non-rotating fields
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Proposal for a new type solid state maser
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i.  Experimenal study of dynamic properties of gyro instruments
Soviet Applied Mechanics 6 (1970) pp.99-101

it.  Synthesis of an optimal structure of the vibration isolation system of a gyroscope
ibid. 7 {1971) pp.1130-1135
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Problem of synthesizing the optimal correction of a triaxial gyrostabilized platform
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Error analysis for a gyropendulum stabilizer of a gravimeter
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Axe, und der Veranderung der Lage der Erdaxe zu erlautern diert.
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28.(1959) 3

ii. A reviewofthestate of the art for the design of selfacting gas-lubricated bearings
Transactions, American Society of Mechanical Engineers, Series F. Journal of
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-pp.137-143

-De-Wondeértol, (Miraculous tophippe top)
-De Ingenieir 64 Pt. 1 (1952) pp.0.13-0.17

Gravity inducéd errors in airborne Inertial Navigation
Jourrial of Guidance Control & Dynamics 9 No. 4 (1986) pp.419-426

Strapdown inertial navigation: The Gyroscope Challenge
Applications of Modern Gyro Technology 12 Jan. 1977 Royal Aeronautical Socicty

NMR and the Perivdic Table
Academic Press (1978) Pp.459

Gyroscopic Magic
Electrical Review 196 (1975) pp 505-507

An algorithm providing all-attitude capability for three-gimballed inertial systems
IEEE Transactions on Aerospace & Electronic Systems, AES 7 (197 -1 pp.532-543

Angular Momentum and the tippe-top |
American Journal of Physics 27 No. 3 (1959) p.189

See Den Hartog

On the Adjustments of Gyrotheodolite observations

Acta Geodaetica Geophysical et Montanistica Hungarica 18 No. 1-2 1983 pp.29-46
Evaluation of the drift in the gyro-theodolite observations and its influence on gyro-
azimuths of the amplitude method

ibid. pp.47-58

Stability of a gyroscopic non-conservative system
Journal of Applied Mechani~s Transactions, ASME 42 Serics E, No 3 Sept. (1975)
pp.739-740

Generation of anii-gravity owing to counterclockwise turning of gyroscage
Technology reports of the Tohoku University Sendai Japan 43 No. 2 {1978)
pp443-450

On a direct method of estimating velocities accelerations and all similar quantities, with
respect 10 axes movable in any manner in space
Transactions Cambridge Philosophical Socicty 10 (1864) pp.1-20

Gyroscopic techniques as applied 1o shipbourne stabilizers and inertial navigation systems
Institution of Mechanical Engineers, Proceedings 1964-1965 179 Paper 9, pp.175-181

The RAMP inential navigation system
Philips Technical Review 29 (1968) pp.69-85

i, -Interference of Electromagnetic and Matter Waves in a Nonpermanent Gravitational
Field
Bulletin of the American Physical Society Series 11 6 (1961) p.58
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Mathematische Annalen (R.F.A. Clebsch) 19 (1882) pp.121-154

PRI

g W s+ B st B

¢
f
|
|




-
P —ioevty

Higbie, JH.
Higgins, HH.
Highdale, L.E.
Blanchard, D.L.

HillLAT.

Hintermann, HE.

Hirashiki, H.

Hira, M.

Hirz, M.

Faye, M.

Ho,LW.

Cimera, RF.

Hoag, D.G.

Hochstrasser, G.

Hodges, DJ.
Brown, 1.

Hodson, A.E.

Holahan, J.

ii.  Uberdas Problem der Rotation
ibid. 20 (1882) pp461-470

iii. Analysé Mathérmarigiee sur lherpolhodie
Atadémie des Sciences: Paris Comptes rendus hebdomadaires des séances 102
(1886) pp.1366-1368

iv, Uber das Gyroskop bei aligemeinster Wahl des zur Bewegung anregenden
Momentankraftersystems:
ibid. 29 (1887) pp.501-580

V. Qber die Eulerschen Bevwegungsgleichungen und ber eine panikulare Losung der
Bewegung eines Korpers wm einen festen Punkt
Mathematische Annalen (Clebsch) 37 (1890)

vi. Dber di¢ Ealer’schen Bewegungsgleichungen und iiber eine neue particulare Losung ¥
-des Problems der Bewegung eines starren Korpers um einen festen Punkt
Mathematische Annalen. Leipzig (Editor RF.A. Clebsch) 37 (1890) pp.153-181

Mach’s principle in general relaiivity
General Relativity & Gravitation 3 No. 2 (1972) pp.101-109

The Boomerang
Nature 13 (1876) p.169 1

Gyroscopic effect in ball bedrings on fuze arming vane 3
AD 419224 (1963)

A Theoretical Investigation into the tuned Hooke’s Joint Gyro *
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TIL/RPN 5/26 March 1939)
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Mechanics of Solids 8 No. 4 (1973) pp.91-98

Theory of the gyroscopic instruments for air navigation
(in Russian) Moscow 1956 (translation into English in 59-14137)

Optimizing ihe structure of corrected gyroscope systems
Mechanice of Solids 4 No. 5 (1969) pp.45-49
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Sitzurgsbereich der Berliner Mathem. Gesellschaft 3 (1901) p.56
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it.  Motion ofa body in the case of L.N. SRETENSKII
Applied Mathematics & Mechanics 32 (1968).pp.551-558

5

iii. The moving angular velocity hodograph in Hess' solution of the problem of motion
of a body with a fixed point
ibid. 32 (1968) pp.1129-1138

iv.  Conservation of integrals of motion for small changes of HAMILTON'S functions in

§ some cases ¢f integrabiiity of the equations of motion of a gyrostat
* = Applied Mathematics & Mechanics 25 (1971) pp.664-669
?g v.  Stability of steady rotations of a heavy gyrosiat about us principal axis
g ibid. 44 No. 6 (1980} pp.709-712
Kovalev, AM. Stability of uniform rotations of a rigid body about a principal axis g
Savchenko, A.la Applied Mathematics and Mechanics 39 (1975) pp.623-633 z
1 Kovalev, M.P. etal i.  Dynamic and static balancing of gyroscopic devices Z
3 ] 1965 USA A.D. Report 677162
i ] il.  Dynamic balancing of rotors of gyros. opic systems ‘
1962 USA A.D. Report 628504 .
1 Kowaleyski, S. Sur le probléme de la re:ation d’un corps* solide autour d'un point fixe ‘ }
Kovalevsky, S. Acta Mathematica 12 (1889) pp.177-232 -
d H (Sonya Kovalevskaya) b
1850-1891 ‘
P also Kovalevsky Sur une propriété du systéme d’équations différentielles qui définit la rotation d'un corps .
solide autour d’un point fixe :
ibid. 14 (1890-91) pp §1-93 |
*These articles by Kovalevsky were translated from the French into Russian in 1940 ’
See Dvizhenie Tverdogo Tela Vokrug Nepodvizhnoi TochikiMoscow-Leningrad 1940 i
s British Library Slavonic Section R.34067
Kozlov, AS. Teoriya aviatsionnykh nroskopiueskikft prdborov .
(see Kinlov) Moscow 1956 : 4 :
Kozlov, V.V. i.  Geometry of action angle variables in EULER-POINSOT problem
Moscow University Mechanics Bulletin 29 No. 5 (1974) pp.17-20
{ i, Dynamic systems arising on the invariant tori of the Kowalevska problem
{ Applied Mathematics & Mechanics 39 (1975) pp.20-25
{ ! Kramer, EE. Kovalevsky Sonya (Kovalevskaya Sofya)

Dictionary of Scientific Biography Scribner’s N.Y. 7 (1973) pp.477-480

4 Krasnoshchekova, L.Yu, “Theory of the tuning-fork vibratory gyroscope
Moscow Uriversity Mechanies Bulletin 24 No. 5 (1969) pp.60-65

Krementulo, V.V. i.  Investigations of the stability of a gyroscope 1aking into account the dry friction on
the axis of the inner cardan ring (gimbal)
Applied Mathematics & Mechanics 23 (1959) pp.1382-1386

il.  Swability of a gyroscope having a vertical axis of the outer ring with dry friction in the
gimbal axes waken into account
Applied Mathematics & Mechanics 24 (1960) pp.843-849

iti. Application of the second method of LIAPUNOV in the invesiigation of the steady
motion ui'a gyroscope when elastic properties of the rotor axis are taken into account
. Applied Matiiematics & Mechanics 25 (1961) pp.£59-865

iv. A problem on ihe stability of a spherical gyroscope
ibid. 27 (1963) pp.1547-1556

v.  Some probicms in the motion and stability of a spherical gyroscope
AD.601-512{1964)
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vi.  Optinwm swabilization of the rotating niotion of a rigid body with a fixed point by
means of flywhieels )
Mechanics of Solids 1 No. 6 (1966) pp.6-10
vii. Passive stabilization of stationary motion of a rigid body by means of a flywheel
Mechanics of Solids 3 No. 6 (1968) pp.17-22
viil. Optimal stabilization of rotation of a gyrostat in the NEWTONIAN force field
Applied Mathematics & Mechanics 34 (1970) pp.925-934
iX. Onstabilization of the rotational motion of a solid with flywheelsina
NEWTONIAN force field
ibid. 33 (1974) pp.584-591
X.  O.stabilizaish vrashchatel’nogo dvizheniya tverdogo tela pri pomosichi dvukh
makhovikov
Akademiya Nauk SSSR Izvestiya Mekhanika Tverdogo Tela. 1974, No. 5, pp.10-
15 Stabilization of the rotary movement of a solid body by means of two flywheels
Kriloff Notice sur la théorie du gyroscope amortisseur du roulis de M. le Dr. O. Schlick
Bull. Association Technique Maritime, Paris 20 (1909) p.1C8
Krogmann, U. i Ausrichtung kreiselstabilisierter Platiformen durch stochastisch-optimale Regelung
Orientation of gyroscopic platforms by stochastic-optimal control. Nachrichten
Electronik 30 No. 4 (1976) pp.81-84 (Note: See Cox, D.R. & Miller, H.D, The
Theory of Stochastic Processes 1965)
il.  Comparison of performance analysis results for different concepts in autoncmous
navigation and orientation systems jor land-vehicles
Symposium iiber Kreiseltechnik in Stutigart 28-29 Sept 1977 5p.8.0-8.24
iti. Identification Procedures for Strapdown-sensor-parameters by Laboratory testing
Symposium Kreiseltechnik in Bochum 18-19 Sept 1978 pp.9.0-6.34
Kronig. R Del. The symmetric-l top in the undulatory mechenics
Rabi.11. Physical Review 29 (1927) pp.262-269
(see Reiche, F)
Kriiger, F. von Uber dic Eigenschwingungen freier Kreiselmolekule
Concerning the natural oscillations of free gyroscope molecules. Annalen der Physik 50
(1616) pp.346-368
Krylov, AN. i.  Surlintégration numérique approchée des équations différentielles avec application
au calcul des trajectoires des projectiles
Paris, Imp. Nationale (1927) Pp.73
il.  Surlintégration numérique approchée des équations différentielles avec application
au calcul des trajecioires des projectils trad. de langlais sur un manuscrit de
lawteur, communiqué par M. Adamard
Mémoial ce FArtillerie Frangaise 6 No. 2 (1927) pp.353-423
Krylov, AN, Osshchaya teoriya giroskopov i mekoiorvki Tekhnicheskikh ikh primenenii
Krutkov. Yu.A, (1932) Pp.356
Krylov, AN Itis worth recording that Krylov was much respected in the West. See note below from
(1863-1945) a detailed article in English to be found in Prikladnaya Matematika i Mekhanika 10 No.
*In the British Muscum entries see 1 (1945) pp.5-7 (pages § to 20 give a complete bibliography of his works (in Russian)
KRUILOV, AN. from 1885 to 1944)
Note:

Krylov investigated the general case of the motion of a ship when its course lies at any given angle to the direction of the
waves, and summed up his conclusions in a paper entitled “General Theory of t2 Oscillations of a Ship on Waves™, which
was also published in English anc French. Here he followed the same path b2 had outlined in his previous work, making all
the necessary changes in sctting up the differential equations of the motion of the body of the ship, whose position now had to
be defined by all six parameters (three coordinates of the centre of gravity and three Euler angles). This led to increasing the
number of vquations to be integrated. The new problem did not raise any particularly difficult new questions, and in his work
“On Stresses Expericnced by a Ship in a Seaway™, published by the Institute of Naval Architects in London, Krylov presents
a computation of the strains set up in a ship in this more complicated case. These classic works placed hrylovin the first rank
of world authoritics on the theory of ships. The Society of English Shipbuilding Engineers awarded him the gold medal of the




Society, an honour bestowed on no foreigner béfore him. Such works as those mentioned above and his work in the theory of
rolling stabilizers, Schlick gyroscopic stabilizers and Fram cisterns won recognition everywhere. Erylov was entrusted with
writing the chaptér 5n the theory of ships in the great encyclopedia of mathematical sciences, begun prior to World War 1
uncer the supervision of the famous mathématician Klein. The compilers of the encyclopedia set themselves the task, as
Boltsman said, of finding the leading specialists in each field to draw up the various articles. Krylovs works are studied all
over the world and afe a guide to shipbuilding-In 1942 he was elected an honourasy member of the Socicty of English
Shipbuilding Engineers.

Krylov, A.N. O, Vrashchafelbnom Dvizhenii Prodolgovatogo Snaryada vo vreniya poleta
Leningrad NTKUVMS RKKA (1929) IV 367s chert 4 vkl ] graf. This work is said to
correct the errors in the old Mayevsky theory. Its title in English is *On the rotary motion
of an elongated projectile in flight’.

Knzhanovskii, G.A. Synthesizing an efficient combined gyrosiabilizer stabilization system
Mechanics of Solids 5 No. 6 (1976) pp.45-49
Kubler, W, Scherl monoraii-road of Germany
American Machinist 32 Pt. 2, (1909) pp.1135-8
Kudin.S.F. Run-up of a non-contact gyroscope in a medium that offers resistance
Martynenko. Yu G. Mechanics of Solids 20 Mo. 6 (19851 pp.12-20
Kudo, H. Gyrosiatically balancing of a car . 4
Memoirs, Kyvoto Imperial University Col..ze of Sciences and Engineering 3 (1911)
pp.79-102
Kudrevich, B.1. Theory of gyroscopic instruments
Vol. 1, Vol. 11. For Vol. Lin English see USA A.D. Report 611030 Vol. I Leningrad
1965 1
]
Kukhtenko, AL Invariance Problems in Automatic Control
Vol.I{(1971)
Kuo,B.C. Limir cvele analysis of large space telescope with C.M.G. non linearity
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(Digital readout of inertial sensors) Symposium Kreiscltechnik 31 March — 1
April 1976 in Braunschweig. pp.127-177 Deutsche Gesellschaft fiir Ortung und 3
Navigation ev Diisseldorf

Description of a model of the gyroscope for class illustration

Journal of the Franklin Institute, 111, Series 3 (1881) pp.213-217

On the dynamic principles of the mnotion of velocipedes
The Engineer 28 (1869), p.79, 1§89, 153, 175

Smashing a path through the lakes
Technical World Magazine 20 (1914) pp.9G3-910 (use of gyroscope to rock a vessel
trapped inice)

The thecry of the gyroscopic compass and its deviations
MacMillan, London. (1929) Pp.191 :

Project Apolio 1o the Moon and return
Control Engineering 9 (1962) June, pp.88-102

The Effects of angular vibration o: the performance of position gyroscopes }
Kreisclprobleme/Gyrodynamics IUTAM Symposion Celerina 1962, Springer Verlag b
1963, pp.236-246 k
Examination of the response on a flexible circular rotor sulyleted to specified gyroscopic 1
rates

American Society of Mechamcal Engincers, Journal of Engincering for Industry {

Transactions (Series B). ASME. 96 (1974) pp.1296-1306

Analytical Studies in Aerial Warfare
OTS. US. 158523-535 Washington, (1946)

Stabilisation awtomaiigue des aéroplanes. Commande automatique par gyroscopes et
contacts electriques des organes stabilisateurs

Comptes Rendus hebdomadaires des séances, Académie des sciences, Paris 150
(1910) pp.§29-830

Die Quantelung des symmetrischen Kreisels nach Schrodingers Undudationsmechanik
Zeitschrift fiir Physik 39 (1926) pp.444-464 41 (1927) pp.452-492

Miniguide — a simplified altitude control for spin-stabilized vehicles
Joumnal of Spaczcraft & Rockets 1 (No. 3) {1964) pp.342-344

Anomalous Behaviour of a Marine Gyrocompass
Journal of Energy Resources Technology 106 (1984) pp.393-398

Magneiische Lagerungen fiir Raumfahri-und konventionelle Anweadungen
Symposium fiber Kreiseliechnik Heidelberg. 1974, pp.211-226 Deutsche Gesellschait
fiir Ortung und Navigation ev Diisseldorf

i.  Recent applications of the gyrotheodolite in tunneling work in under ground
workings and in applied geophysics
International Svmposium on Mining Research, edited by Clark, G.B., Volurie No.
1,1962, pp.283-288
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ii.  Uber Anwendungen des Vermessungskreisels im Bergbau in der angewandten
Gendisie und in der angewandten Geophysik
Kreiselprobleme/Gyrodynamics IUTAM Symposion Celerina, 1962, pp.119-128

Application of a super-fluid gyroscope to the study of critical velocity in liquid helium
near the lwabda transition
Physical Review Letters 14 No. 18 (1965) pp.733-735

Magnetic Induction Gyroscope Research & Development
AD 77939 (1962): AD 402691

Sur la stabilité de I'équilibre de 'axe de la toup e giroscopique
Comptes rendus hebdomadaires des séances, Académic des sciences, Paris 117 (1893)
pp.499-502

Some problems of the dynamics of gimbal suspensions of a platform swabilized in three
axes

{English translation of the title of a work in Russian) Prikladnaya Mekhanika 7 No. 2
(1961)p.384

The gyroscope applied
Hutchinson’s Scientific and Technical Publications, 1954 (384 pages)

Experience in series production of High-Precision Directional gyros
Symposizm Kreiseltechnik in Bochum 18-19 Sept 1978 pp.8.0-8.11

i.  Application of the methods of the theory of matrices io the analysis of the geometry
of gyroscopic devices
Voprosy prikladnoi giroskopii
No. 2, N.T.O. Priborprana Leningrad, Sudprongiz 1960

ii.  Teoriya giroskopicheskikh ustroystv
Leningrad 1962 The theory of gyroscopic devices USA. AD. 682103, Part 1, Vol.
1. 1968; USA. AD. 682104, Part I, Vol. 2, 1968; USA. AD. 629424, Part 1,
Chapters 7-11, 1965

iii. Ispol’zovanie filtra kalmana v. skeme Korrekisii girovertikali
Akademiya Nauk SSSR Izvestiya Mekhanika Tverdogo Tela 1974 No. 2 pp.30-35
Use of Kalman Filter in a vertical gyro connection circuit

i Ariude control of a satellite vehicle, an owiline of the problemns
V1iIth International Astronautical Congress Barcelona, 1957, Proceedings,
pp-317-339

il.  Torqueson a satellite vehicle from internal moving pars
Journal of Applied Mechanics 25 (1958) pp.196-200

iti. A review of the current status of satellite attitude control
The Journal of the Astronautical Sciences 6 No. 2 (1959) pp.25-30

iv.  Equilibria of orbiting gyrostats
ibid. 15 No. 5 (1968) pp.242-248

v.  Notes on the Thromson-Tait-Chetaev stability theorem
ibid. 15 No. 6 (1968) pp.319-324

vi. Euler’s problem on permanent axes of rotation extended to the spinning gyrosiat
Journal of Applied Mechanics, Trans. ASME 37 Series E, No. 4 (1970) pp.1154-
1156

vii. The equivalence of two classical problems of free spinning gyrostats
ibid. 38 No. 3 (1971) pp.707-708

Gyroscope in China
Scientific American, New Series, 110 (1914) pp.84-85, pp.90-91

Ennwicklung eines doppelt kardanisch gelagerten Schwungrades fiir aktive 3-Achsen
Stabilisierung von Nachrichensatelliten

Symposium iiber Kreiseltechnik 25 — 26 Apnil 1974 in Heidelberg. pp.135-182
Deutzche Gesellschaft fiir Ortung und Navigation ev Diisseldorf
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Rockl, G.
Auer, W,

Rodnikov, A.V.

Roese, D.W.etal
{Westinghouse Electric
Corporation)

Roitenberg, Ya. N,
(Sometimes called 1N, Roitenberg
orIa. N, Roitenberg)

Qualification and Flight results of the Symphonie — Flywheel
Symposium Giber Kreiscliechnik in: Stutigart 28-29 Sept. 1977 pp.14.0-14.17

HORI's meihod in the perturbed EVLER-POINSOT problem
Moscow University Mechanics Bulletin 41 No. 2 (1986) pp.51-54

Piezoelectric and piezoeleciric-magnetostrictive vibrating gyroscope
ASD.TDR.—62-81 PB 163498 (1962)

i.  O'Nablyudaemosti nclineinykh giroskopicheskikh sistem
Akademiya Nauk SSSR Izvestiya Mekhanika Tverdogo Tela 10 (1975) No. 1,
pp.12-16
Observabilit; of non-linear gyroscope systzms
Mechunes o1 solids 10 No, 1 (1978 pp.9-13

it.  The mult gyroscopic versical
Prikladn.aya Matematika i Mekhanika 10 (1946) pp.101-124
*This important paper is referred to by RIVKIN, 8.5. It is not transiated into
English, as far as 1 am aware, but anote in English appears at the end of the
Russian woi . T nglish translation of the Russian title of a work in Russian

Recent years have seen the ever-greater application of multi-gyroscopic systems in
instruments designed to maintain horizontal planes o 1 moving ships. The value of the
employment of such systems was pointed out in the we 'k by Krylov entitled General
theory of gyroscopes and some technical applications of them. Krylov points out (page
265) that stabilization of platforms on a ship may be attained by the following means:
the piatform is suspended within = knuckle joint being attached to its internal ring.
Attached to the platform are o gyroscopic stabilizers. one of which nullifies roll. the
other pitch. The present paper is devoted to an investigation of the above outlined idea.
In paragraph 1, the author gives a brief description of mulii-gyroscopic verticals.
Paragraph 2 gives differential equations for the motion ofthe instrument. Paragraph 3
discusses the motion of the instrument on a fixed support. Paragraphs 4 and 5 take up
the influence of rolling and acceleration of the moving ship. Here it is established that
the data yielded by a multi-gyroscopic vertical are much more precise in rolling than the
data yielded by a single gyroscope. Paragraph 6 studies the motion of a multi-
gyroscopic vertical with: a free oscillation period equal to the period pointed out by M.
Schuler T = 84.4 minutes. Paragraph 7 is devoted to the increase of efrer in gyro-
verticals for extended manoeuvering of the ship. The 9th and last paragraph discusses
ballistic deviation of multi-rrrcs.ope verticals with a small free oscillation period. The
author’s gratitude is due to the B.V. Bulgakov, whose metheds were used throughout in
the present work and whe gave the author much valuable advice.

iii. The accelerated placing of a gyrocompass to a meridian
Applied Mathematics & Mechanics 23 (1959) pp.1370-1374

iv.  Onthe placing of a gyroscopic compass into a meridian during the acceleration of
the rotors of the gyroscopes
Applicd Mathematics & Mechanics 24 (1960) pp.113-119

v.  Onihe motion of gyroscopic devices under the influence of random forces
ibid. 24 (1960} pp.677-690

Vi.  Onthe theory of direct gyroscopic stabilizers
ibid. 24 (1960) pp.1156-1163

vii. Motion of u gyroscopic compass under the action of random forces
Soviet Physics Dokladv 5 No. 4 (1960) pp.718-722

viil. Some problems in the theory of power gyrostabilizer
{in Russian) Akademii Nauk, SSSR, [zvestiya O.T.N. Mekhanikai
Mashinostroenie 1962, No. 4, pp.100-111

ix.  Onthetheory of a gy-ocompass
Applied Mathematics £ Mechanics 28 (1964) pp.991-1009

X, Onthetheory of gyroscopic servo systems in case of casual interference
(in Russian) Akademiya Nauk SSSR Doklady 142 (1962) pp 1050-1053
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Rosen, BM.

Rosenthal, AH.
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Ross, JE.S,, (Sir)

Ross, Monte

Rothe, H.C,

Rothrock, RB. ctal

Routh,EJ.

Royai Society of London

257

xi.  Observability of nonlinear gyroscopic systems
Mechanics of Solids 10 No. 1 (1975) pp.9-13

xil. Gyroscopes
{in Russian) Moscow (1966) Pp.399

Effect of random variations of the angular velocity of the gyroscope rotors on the motion

of a gyrocempass -
Mechanics of Solids 1 No. 3 (1966) pp.12-15

Optical gyroscopes
Optics and Laser Technology 13 No. 5 (1981) pp.239-244

Periodic Faraday bias and lock-in phenomena in a laser gyro
Apglied Optics 12 No. 7 (1973) pp.1460-1467

Coezputer simulation of bicycle dynamics
Mechanics and Sport, Winter Annual Meeting of the American Society of Mechanical
Engincers, Detroit, Michigan. Nov. 11-15 (1973), pp.35-52

Investigation of the spherical hydrostatic gas bearing for two-axis gyros
Transactions American Society of Mechanical Engineers, Series F, Journal of
Lubrication Technology 93 (1971) pp.79-86

On an experiment with the gyroscope
American Journal of Science & Arts 39 Series 2 (1865) pp.259-260

Beschrijving en onderzoek van den gyroscopischen horizon fleurias
Koninklijk Nederlands — Meteorologisch Instituut Utrecht, 1909, Nr. 102, pp.3-94

The Gyroscopic Compass
Editions Maritimes et d'Outre Mer (in French) Paris 1951 Pp.144

Vibrazions non linéaires et théorie de la stabilité

Springer Tracts in Natural Philosophy 8 (1966) Pp.254 (See p.57 Etude de la stabilité
de 1a rotation autour d'un axe principal d'un solide mobile autour de son centre
d'inertie)

Determining Lunar Mission guidance requirements
Sperry Engineering Review 12 No. 2 (1959) Jure pp.27-33

Regenerative Circulatory Multiple-Beam Interferometry for the Study of Light-
Propagation Effects
Journal of the Optical Society of America 52 (1962) pp.1143-1148

Experimenus on the angular momentum of a supercurrent and the possibility of a
supercurrent gyroscope
American Journal of Physics 29 (1961) pp.268-271

The gyroscopic stabilization of land vehicles
Edward Amold, London, (1933) Pp.172

Laser Applications
{Vol. 1) Academic Press (1971) Pp.308

Air bearings for guidance components of ballistic missiles and their production aspects
{air bearing gyroscopes)

See: First Intemnationul Symposium on Gas-Lubricated Bearings Edited by Dudley, D.
FULLER 1959, pp.346-360

Theoretical investigation of a magne:o-opiical gyroscope
AD 301638 (1963)

The advanced part of a treatise on the dynamics of a system of rigid bodies
Londen, (1884) Note: Chapter V Motion of a top, pp.111-122 Chapter XI Precession
& Nutation pp.265-294 Dover reprint 1558

Catalogu of Scientific Papers 1800-1900
Subject Index V., 2 Mechanics pp.137-139 gives references on the gyroscope
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Rozanov, N.N, The roise in the locking band of a ring laser
Optics & Spectroscopy 28 (1970) p.398
Rozenblat, GM. On vibrational stabilization of the Lagrange gyroscope
: Applicd Mathematics & Mechanics 48 (1984) pp.266-270
% Rubanovskii, V:N, i.  -Onbifurcation and stability of stationary motions in ceriain problems of dynamics of
f a solid body o ]
! Applied Mathematics & Mechanics 38 (1974) pp.573-584
; ii.  Onthe relative equilibrium of a gyrostat sctellite in the generalized limited circular
problem of three bodies
ibid. 45 No. 3 (1981) pp.360-367
Rubanovskii, V.N. On the Routh theorem and the Chetaev method for constructing the Lispunov fusiction
Stepanov, Sla. from the integrals of the equations of motion
ibid. 33 (1969) pp.882-890
Rudenko, V.M. Investigation of the dynamics of an astatic gyroscope with elastic gimbal suspension
Mechanics of Solids 13 No. 1 (1978) pp.12-17
Rumiantsev, V.V, i.  Onthe stability of revolution of a rigid body with one fixed point in Kovalevska’s
case
{Cnglish translation of a title of a work in Russian) Prikladnaya Matematika i
Mekhanika 18 (1954) pp.457-453
ii. Onthe stability of motion of a gyroscope on gimbals1. 1L
Applied Mathematics & Mechanics 22 (1958) pp.513-520 22 (1958) pp.694-700
iti, Onthe stability of rotational motion of a solid body with a liquid cavity
ibid. 23 (1959) pp.1512-1524
iv.  Onthe stability of rotaticit of a top with a cavity filled with a viscous liguid
{ ibid. 24 (1960) pp.903-912
# ) v.  Onthe stability of motion of certaini types of gyrostats
ibid. 25 (1961) pp.1158-1169
4 vi.  Onthe stability of motion of gyrostars
k ibid. 25 (1961} pp.9-19
! vii. Controlling orientation and stabilizing in satellite by rotors
1 Moscow University Mechanics Bulletin 25 No. 1 (1970 pp44-34
1 viii. Onthe influence of gyroscopic forces on the siability of sieady siate motion
Applied Mathematics and Mechanics ibid. 39 (1973)pp.929-938
ix. Onthe motion of controllable mechanical systems

ibid. 40 No. 5 (1976) pp.719-729

X.  Onthestability of stzady motions
ibid. 30 (1966) pp.1090-1103

Rutherford, S.H. Understending Gyroscopes
International Journal of Mechanical Enginecring Education 6 No. 3 (1973 1p.139-
142

Rutt, A, Vehicle side-slip conirolled by gyroscope
Scientific American, New Series, 105 (1911) 1 2232 See: UK Patent Specification
12842011908

Ryabov, BA. Navigatien & gyroscopic devices ]
(Editor) USA. AD Report, 1 June 1963, 413081, Pp.1289 a translation of Navigatsionnyye L.
Giroskopicheskiye Ystroystva Moscow 1962

Ryan, TJ. A Novel approach for the désign of a Dry-Tuned Acc-leromeser'Gyro Insirument
(D.TAG)
Journal of Guidance Control & Dynamics 7 No. 1 {1983 pp.20-28
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Sachkov, G.P.

Sagnac, G.

Saidov, PL

Saidov, P1
Sliv. EL
Tschertkov, PL

de Saint-Germain, A.

Saint-Guithem, P.

de Salaberry. B.

Salnikova T.V.

Salornan, FMMB.

Samsongv, VA,

Sandberz HLL
Jakimezyk, ST.
Sanders, GA.
Prentiss, MG.
Ezekicl 5.

Sang. E.

On the stabilization of the positior- of a gyrostat-satellite’s relative equilibrium
Applicd Mathematics & Mechanics 4€ No. 3 (1874) pp.736-738

A magneticee suspended large momentum wheel
Journal of Spacecrafi & Rockes 12 MNo. 7 {1975} pp.420-427

Geometric Interpretation of the conditions of regular precession of a gyroscope ina
gimbal mounz
Soviet Applied Mechanics 14 (19783 pp.327-329

i Léther lumineaux démoniré par Feffer du veni relaiif d éther dans un interferométre
en rotazion uniforme
Compies Rendus hebdomadaires des séances de Nacadémic des sciences 157
(1913)pp.708-710

ii. Surla preuve de la réalité d'éther lumineaux par l'expérience de l'interférograffe
tournant
ibid. pp.1410-1313

Theory of yroscopes
(English title of a work in Russian} {1965)

Problems of appiied gyrodynamics
{English tide of 2 work in Russian} Leningrad (1961)

Résumé de ia théorie du mouvement d'un solide awtour d'un point fixe, d lusage &=
candidats d in Ecence &s-Sciences

Bulletin Mensuel of the Facuités des letires de Caen 3-5, 1887-1889.pp.30-42, 74-87,
126-135; 163-173

Nouvelle détermination synthétique di mowvernent d'un corps solide auiour d'un poin:

fixe
Journal de Mathématiques pures €t appliquées J. Liowville Paris 19 (1854) pp.356-363

Systéme de guidage d gyrolaser pour missiies d moyenne poriée

AGARD conference proceedings CP.360 {1955) pp.12.1-12.11 paper present=d
AGARD Guidarce & Control Peoel's 39th Symposium Yunus Holel Cosme Turkey
16-19 Ociober 1953

XNon integrabilizy f perturbed LAGRANGE problem
Moscow University Mechanics Bulletin 39 No. 4 (1984) pp.32-39

"

Sur un alternateur gyroscopique ef sur ses analogies dlecirigues
Les Annales des Postes of Teleoraphes 182B VIl pp621-638

i Stabifity of Rosation of an unbaiznced rotor on a flexibiz shafi

Mechanics of Solids 14 Neo. 1 {15791 pp.30-32

. Quasi steady mosion of a keavy gyvoscope in a cardan sopénsion
Mechanics of Solids 14 Ne. 3 {1979 pp.15-19

. Qualitative anglysis of the probigm of motion of a 1op a
Mechanics of Solids (Mekhanika Tverdogo Tela) 1

Evalugtion of fong serm gvo drifiraee
National Aerospace Electronics Conference Procoedi

Passive ring resorztor method for sersitive inertial rotation measurements in geophssis

and relativity
Optics Letters 6 No. 11 {1981} pp.369-371

Remarks on the gyroscope in relati 2is {Mr. Ellior’s; sggestion of a new expaiment
Transactions of the Royal Scotish Sadelvolf Arsq {3

Dynamic ﬁer:if:ggrzs in a dise-type gyroscope rolor under Seady precession
Amgcrican Society of Mechanica! Engineers Transactions. Series B Journal of
Engineering for Indusiry 1970, February, pp219-223
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Santanera, O.
Frullini, R.
Blanchi, C.
Saporoshenko, §.
Sapuppo, MS.
Pijoan, PJ.
Sarpkava. T.etal-
(SecEgli)
Sarychev, V.AL
Mirer, SA.

Sauzade, M.
Salle, F.

Savant, CJ.
Howard, RC.
Solloway. CB.
Savant, CA.

Savchenko, A, Ya.
{SecLesina, ME. 1974)

SavgfevAA.etal

Savet, PH.

Searborougn, JB.

Schafler. R,

Townes, CH.

Il convoglio ad asetta variable delfe F.5. Primi resultaii sp erimentali
XX Convegno Internazionale delle communicazione Genova Oct. 8-13 (1972)

Aircraft piioting
(English translation of the title of a work in Russiar) Moscow (1958)

A small low angular momentum inertial gyroscope
Joumnal of Spacecraft & Rockets 8 No. 9 (1971) pp.971-977

A theoretical &experimental study of Vortex rate avro
See: Groto, JM,, Kirshner, JM. Advances in Fludics 1967 Ametican Society of
Mechenical Engineers pp218-232

The Use of Gyrodampers in Passive Satellite Attitude Control Systems
The Journal of the Astronzautical Society 25 No. 3 (1977) pp.179-205

Specirographe de Bloch et oscillateur é spins en champ quasi nul
Mémorial de L'Artillerie Francaise 39 (1965) pp.541-548

Principles of inertial navigation
McGraw Hill, N.Y,, (1961}, Pp 254

i.  Onihe stability of motions of conservative mechanical systems under continualiy
acting perturbations
Applied Mathématics & Mechanics 38 (1974) pp.214-220

. Issledovanie ustoichivosti ravnomernvkh vrasiichenii sistemy dkukh giroskopov
lagranzha
Prikladnaya Mekhanika 10 No. 12 pp.71-77 (1979)

iii. [Investigation of the stability of uniform rotations of a sysiem of iwo Lagrange
Brosopes
Soviet Apphiad Mechanics 10 No. 12 (1974) pp.1325-1330

Viivanie voovratno postupazel nogo dvizheniya dragi na povedenie astatickeskol
Tzvestiva Vysshikh Uchebmykh Zavedenii Gomyi Zhumal 1972, No. 16 pp.158-163
Note: Influence f the reciprocal movement of a dragline on the behaviour of an astatic
vertical gyroscope

i.  Gyroscopes: theory and design; with applications 1o instrumenzation. guidasce &
control
McGraw Hill, NY,, {19613 Pp254

i,  Twodegree of freedom gyroscopes
Kreiselprobleme/Gyrodynamics TUTAM Symposion Celerina, (1962}, Springer-
Verlag 1963 ppA5-61

il. Dymamics of ideal suspensions applied o rotating bodies in space

American Instifute of Aeronauties and Astronautics Paper 65.433. July 26-2%
(1965)pp.1-30

Fibre-opiic gyroscopes
Defence Science Journal {India) 33 No. 2 {1983) pp.177-181

Interscionce, NY., {1938}, Pp257

Technology ard concept of an mutomatic maridian gvro of high securacy and short
measuring time
Symposium 0bér Krelsshiechaik in Stottgant 28-29 5cpt 1977 pp.11.0-11.16

Infra Red and Opricel Masers
Physical Revicw 112 (1958} pp.1940-1949
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Scheiman, G.E. Gyro-misalignment and encoder quantizaiion effects during multi-axis evaluation of

strap-down gyros

1.E.E.E. Transactions on Aerospace & Electronic Systems AES. 5. 1969, pp.891-897
Scherl gyroscopic mongrail car i

Scientific American, N.5-102 (1910} pp.84-85 see 2lso Editorial, p82

Schichlen, W. Fine pointing system for a LST Spacecraft
Gyrodynamics Euromech 38 Colloquium Willems {1974) p.195

Schiff, L1 1. -Experimentcl tests of theories of relativity
Physics Today 14 No. 11 {19613 pp42-44.46-48

.  Possible new experimental tests of generui relativity

Physical Review Letters 4 No. 5 (1950) pp215-217
iii. Afotion of a geroscope according 1o Einstein’s theory of gravitation
Proceedings of the National Acadeamy of Sciences of the US.A. 46 (1960) pp.871-
3 882
i Schilovsky, P.P. i Démopnsiration 6f soene applications of the gyroscope & discussion
{Schilowski, PP} Proceedings Physical Society 35(1922)p 125
' {(Note: Shilovsky in British
Musenm index) .  Thegyroscopic sskilitvof chips

Engineering 1932 Dec. 9, p689 Museum

fit. Theproscope; is praciical construction and application — treating of the physics
w@m&gﬁﬁgﬁaﬁaﬁf&fwﬁ m&‘emiammgtkcnmkodqu
Hization of monorailways, ships, aeroplanes, marine guns efe.
4 i?ﬁé@ﬁﬁeﬁ.ﬁérﬁ.&@m 1938,Pp224

...nm.‘u "

iv. Afonorail Sxtem
Engineening, 1910, p£09

v.  Gyroscopic monorsil ssstem
1914 {In Engineer, 117, pp.106-107) Sketches and description of mechanical
fetailc

vi. Lowspesd groscops monomil
1911 (In Scientific American, 118.ns. 104, p.94) Methods used in maintaining

Schlichting. H.

Schiick, O.

e

Zetizchrifi der Vereings deutscher Ingenieur, {1906), p. 1950 Résume in Bulletin
dela Sociii S Enconragement, Dec (1505) . 107

7 Eirfiucs rotierersder Schwungrader an Bord von Schiffen
= des Verzines m i&mﬂ,‘ v \i} M2 pp.i-i&ﬁo

v. Vomgemidon

Fio :v};i_ T8

- m;gﬁiﬁgmmue s, 96,
made ‘ﬁ&:ﬁ%m *Ei&ftﬁnaaxsianz' phing the

‘%3&&?&?@%@3@%@%&&%@%&

Wwﬁwwﬂwwmﬂmm A pnaen ol i
5 "
- '
i
C
vy ol o
1
I
|
o
o)
[
L
A
|
|
‘
i
[
‘z
‘)
|
A
\i
i
h
1
o}
|
i
|
1
|
1
1
I
i \‘
-
|
!
|
I
]
|
t
!

T

PR e




Schmidi, G.

;%

1909 {In Model Engincer and Electrician, 20, p.187) Brief notice of experiments
@ﬁes&hhmgmmofmeﬂmmmme&mk

vil. Schiick’s marine gyroscepe in use
1906 {In Scientific American. 108, .2 54, p.90) Explanation of its operation asa
siabilizer

viii. Grroscopic effect of fly-wheels on board ship
i?ﬁéﬁgfmo{memé’%mémmI&&%% pp.117-133}
Distussion, pp.134-144. Apperdix on Theor ory of Schiick’s gyroscopic rolling
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: sur Faxe auquel correspond le 3me moment
; Bulletin phys. math. de PAcad. de St. Petersbourg (1855) pp.112-135
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i.  Fresnel drag effect in fiber optic gyroscope
Proceedings of the IEEE 1978, National Aerospace and Electronics Conference
NAECON 78.pp.340-543
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Influence of physical-pendulum damping on reduciion in systemaiic error during rolfing
of ships

Mechanics of Solids § No. 3{1973)pp.19-23

Gyroscopes

Data Systems Engineering 19 (1964} pp 28-31 See: Automatic Conirol, pp-18-19,
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Voronkov, VS,
Pozdesv. OD.

1. L'éwude géométrique de la retation d'un corps dans fequel exisie un mouvement
interne stationnaire.

2. L'#tude analytigue de Ia rotation d'un corps dans lequel existe un mouvement
interne siationnaire.

3. Lesaxss permanente de rotation et leur stabilitd.

4. Rotxtion d'un corps & Nintéricur duguel existe un mouvement polyeychgue
guelcongue.

5. Quelgues applications au mouvement du pdle terrestre
&, Apercusurlesperturbationsduss dlaplasticiié delaerme.
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Forces and perturbing momenis on the rolor
Mechanizs of Solids 19 No. 2{1984}pp.14-22
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’kiéd';;mfs of Sofids 15 No. 4 (1980) pp.15-24
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ADDENDUM AND_ERRATA (to Parts I and II)

f i
-
Part.P.47.  Under 13.35 Cryogenic Gyroscopes insert European Patent Specification 0297059
Part LP112. For2585**6 read 2585886 (bottom right hand column)
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