Ju the Priby Comneil.

No. 74 of 1928.

ON APPEAL FROM THE SUPREME COURT
OF CANADA..

BETWEEN

CANADIAN GENERAL ELECTRIC
COMPANY, LIMITED ... .. .. (Plaintiff) Appellant.

. - AND
FADA RADIO, LIMITED . .. .. (Defendant)y Respondent.

RECORD OF PROCEEDINGS.

VOL. 1.
PLEADINGS, EVIDENCE AND JUDGMENTS.

INDEX OF REFERENCE.

No. DESCRIPTION OF DOCUMENT. Date. Page.
Ix THE ExcHEQUER COURT OF CANADA.
1 Statement of Claim . . . ; . 23rd October, 1925 1
2 Particulars of Breaches . . . . 23rd October, 1925 3
3 Amended Particulars of Breaches . . 29th September, 1926 3
4 Statement of Defence and Counterclaim . 24th November, 1925 3
5 Particulars of Objection . ) . . 24th November, 1925 4.
: . (Amended by consent
.8th January, 1927)
6 Further Particulars.of Objection . . . 21st January, 1926 8
Plaintiff's Evidence.
7 Frank N. Waterman . . . . . 10th, 11th and 12th 8
. . . January, 1927
8 Discussion 12th January, 1927 92

a Vaorer—58063. . A

PROYCERETMTNIC

RFOORD OF



ii

INDEX.

No. DESCRIPTION OF DOCUMENT. Date. Page.
Defendant’s Evidence.

9 Otto Von Bronk (taken on Commission) 4th August, 1926 94
10 Wilhelm Schloemilch (taken on Oommlssxon) 4th August, 1926 102
11 Louis Alan Hazeltine . . 12th, 13th and 14th 107

January, 1927
12 John R. Binns 14th January, 1927 177
13 Discussion . 17th January, 1927 189
14 Louis Alan Hazeltine (recalled) 17th January, 1927 192
15 Discussion . . 17th January, 1927 227
Plaintiff's Evidence in reply.
16 Irving Langmuir. 17th and 18th January,] 229
1927
17 George W. Watts . . 19th January, 1927 284

18 Ernst F. W. Alexanderson 19th January, 1927 289
19 Frank N. Waterman (recalled) 19th January, 1927 316
20 Discussion . 20th January, 1927 326
21 Frank N. Waterman (resumed) . 20th January, 1927 331
22 Ernst F. W. Alexanderson (recalled) 20th January, 1927 354
23 Frank N. Waterman (resumed) 20th and 21st January,

1927 357
Defendant’s Evidence in Rejoinder.
24 Discussion . . ' 21st January, 1927 3N
25 Louis Alan Hazeltme (recalled) 21st January, 1927 372
Plaintiff’s further Evidence.

26 Frank N. Waterman (recalled) 21st January, 1927 3817
27 Faormal Judgment . . 14th April, 1927 388
28 Reasons for Judgment of MacLean J . 14th April, 1927 389
29 Agreement as to Contents of Case for Supreme

Court . . 3rd August, 1927 402
30 Registrar’s Certificate (not prmted) 3rd August, 1927 403

IN THE SUPREME COURT OF CANADA.
31 Statement of Case 403
32 Order dispensing with prmtmg of certain

exhibits . 1st September, 1927 404
33 Factum of Fada Radio Limited . . . . . 404
34 Factum of Canadian General Electric Company '

Limited . . . . . . 433
35 Formal Judgment 7th February, 1928 449
36 Reasons for Judgment. Lamont J. (concurred

in by Anglin C.J.C., Duff, ngnault and

Smith JJ.) . . . 450

In TaE PRrIVY CoUNOIL.

37 Order in Council granting special leave to 460

appeal to His Majesty in Council . .

30th July, 1928




g the Pniby Conncl.

No. 74 of 1928.

ON APPEAL FROM THE SUPREME COURT
OF CANADA.

BETWEEN

CANADIAN GENERAL ELECTRIC
COMPANY, LIMITED .. (Plaintiff) Appellant,
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NO; 1. In the
Ezxchequer
Statement of Claim. Gamade,
IN THE EXCHEQUER COURT OF CANADA. Statement
BETWEEN : ggrﬁla(l)fé.,
CANADIAN GENERAL ELECTRIC COMPANY, 1625.
LIMITED,
Plaintiff,
and
FADA RADIO LIMITED, |
10 Defendant.

Filed the 23rd day of October, 1925.

1. The Plaintiff is a body politic and corporate, having its head office
and principal place of business at the City of Toronto, in the Province of
Ontario, and Dominion of Canada.

2. The Defendant is a body politic and corporate, carrying on business
at 821-827 Queen Street, East, in the said city of Toronto.
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g the 3. By Letters Patent numbered 208,583 dated the 15th day of February,
Comqof 1921, under the seal of the Patent Ofﬁce of the Dominion of Canada there
Canada.  yyas duly granted to the Plaintiff, as assignee of Ernst F. W. Alexanderson,
No. 1.  for a period of eighteen years from the date of the said Letters Patent, the
gftaé?;?;nt exclusive right, privilege and liberty of making, constructing and using
23rd Oct, and vending to others to be used in the Dominion of Canada, an invention
'Bffminu o consisting of Improvements in Selective Tuning Systems, as described in
" the specification, a duplicate of which is attached to the said Letters Patent
and made an essential part thereof. The Plaintiff will, at the trial of this

action crave leave, for greater certainty and partlcularlty, to refer to said 10

Letters Patent.

4. The Plaintiff is the owner of the aforesaid Letters Patent.

5. The Plaintiff has complied with all the necessary provisions and
requirements of the Patent Act and other Statutes, and has paid all necessary
fees, and the said Letters Patent are now in full force and effect and the
sole title to the same is fully vested in the Plaintiff.

6. The Defendant has, for some time past, without the license, per-
mission or assent of the Plaintiff, made, constructed and used and vended
to others to be used, in the Dominion of Canada, the invention described
in and covered by the said Letters Patent, and has infringed the said Letters 20
Patent, and is still making, constructing, using, vending and infringing as
aforesaid, and threatens to continue to do so unless restrained by order of
this Honourable Court.

7. By reason of the wrongful acts aforesaid of the Defendant, the
Plaintiff has suffered great damage.

8. Through its wrongful acts aforesaid Defendant has made large

rofits.
P 9. The said Letters Patent was duly placed under the provisions of
Section 44 of the Patent Act, Chap. 69 of Revised Statutes of Canada, 1906.

THE PLAINTIFF THEREFORE CLAIMS : 30

(a) A declaration that the said Letters Patent is valid.

(b) A declaration that the Defendant has infringed the said Letters
Patent.

(¢) An injunction restraining the wrongful acts aforesaid.

(d) An order for the destruction of, or the delivery up by the Defendant
of all products or articles in the possession or control of the
Defendant which infringe the said Letters Patent.

(e) Payment of damages or an account of profits, as the Plaintiff may
elect.

(f) All necessary accounts and inquiries.

(g) Such further or other relief as the nature of the case may require.

(h) The costs of this action.

40

(Sgd) RUSSEL S. SMART,
Of Counsel for the Plaintiff.
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In the

No. 2. Exchequer

. Court of
 Particulars of Breaches. Canada.

: No. 2.
1. The Defendant, at its factory in the City of Toronto, Canada, has Particulars
manufactured and sold, and has used radio sets which are an infringement 955 g™
of the Plaintiff’s Letters Patent No. 208,583, referred to in the Statement 192s.
of Claim.
2. The Plaintiff alleges that claims 1, 2, 8, 7, 9, 10, 11 and 12 of said

Patent No. 208,583 have been infringed as aforesaid.

DELIVERED with the Statement of Claim this 23rd day of October,
10 A.D. 1925, by Macfarlane & Thompson, 212 King St., West, Toronto,
Ont., Solicitors for the Plaintiff.

No. 3. No. 3.
Partioatars
Amended Particulars of Breaches. of Breaches,
29th Sept.,
1. The Plaintiff will at the trial of this action allege that Claims 1, 2, "***
8 and 7 have been infringed.
DATED at Ottawa, this 29th day of September, 1926.
RUSSEL S. SMART,
Of Counsel for the Plaintiff.
NO. 4- NO. 4.
of Detence
20 Statement of Defence and Counterclaim. alnqcounter-
Filed the 24th day of November, A.D. 1925. Togs, NOT

1. The Defendant admits that it is a body politic and corporate,
carrying on business in the City of Toronto, in the Province of Ontario
and Dominion of Canada.

2. The Defendant does not admit the allegations contained in para-
graphs 1, 3 and 4 of the Statement of Claim, and puts the Plaintiff to the
strict proof thereof.

3. The Defendant denies that the Plaintiff has complied with all the
necessary provisions and requirements of the Patent Act and other Statutes

30 and/or has paid all necessary fees and denies that said Letters Patent are
now in full force and effcct and denies that title to the same is fully vested
in the Plaintiff.

a B 2



In the
Exchequer
Court of
Canada,

No. 4.
Statement
of Defence
and Counter-
claim,
24th Nov.,
1925
—continued.

No. 5.

Particulars -

of Objection,
24th Nov.,
1925,
Amended
8th Jan.,
1927,

4

4. The Defendant denies that it has manufactured and sold apparatus
which infringed the Letters Patent referred to in the Statement of Claim.

5. The Defendant denies that it is manufacturing for sale apparatus
which infringes the Letters Patent referred to in the Statement of Claim.

6. The Defendant denies the allegations contained in paragraphs. 7
and 8 of the Statement of Claim and denies all other allegations made in
the Plaintiff’s Statement of Claim and in the Plaintiff’s Particulars of
Breaches.

7. The Defendant asserts that said Letters Patent No. 208,583 is and
always has been invalid, null and void for the reasons given in the Particulars 10
of Objection delivered herewith.

8. The Defendant submits that this action should be dismissed with

costs.
AND BY WAY OF COUNTERCLAIM.

9. The Defendant impeaches said Letters Patent No. 208,583, and
submits that said Letters Patent should be adjudged to be invalid, null
and void and be avoided by this Court for the reasons given in the Particulars
of Objection delivered herewith.

GEO. F. HENDERSON,
Of Counsel for the Defendant. 20

No. 5.
Particulars of Objection.
Filed the 24th day of November, A.D. 1925.
Amended the 8th day of January, A.D. 1927, by consent.

The following are the Particulars of Objection on which the Defendant
relies in addition to any on which it may be entitled to rely without delivering
any further particulars than those given in the Statement of Defence :

1. The alleged invention was not proper subject matter for Letters
Patent of invention. ‘ ' _

2. The subject matter of said Letters Patent was not an invention. 30

3. The alleged invention, comprising the said Letters Patent, was not
now at the time of its alleged invention, and/or at the time of the application
for a Patent, having regard to the general common knowledge of the art
and to the prior patents set forth in Schedule 1 hereto, and for the applications
therefor, and/or numerous other printed publications, j;he titles, names, pub-
lishers, dates and places of publication of which printed publications are
unknown to the Defendant at this time, but which, w}mq known, said
Defendant prays leave to insert in its Particulars of Objection by proper

amendment.
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: 4. The alleged invention forming the subject matter of the Letters
Patent set forth in the Statement of Claim was known and/or used by
another or others before the date of the alleged invention thereof by said
Ernst F. W. Alexanderson.

(a) The alleged invention was described in the Patents set forth in
Schedule 1 hereto and/or in the applications for patents or petitions therefor.

(b) The alleged invention described in said Letters Patent was, prior
to the alleged invention thereof by the said Ernst F. W. Alexanderson,

invented by and/or known by and/or used by the following persons :
10 G. Lorenz Aks. Ges................ Berlin
Wilhelm Schloemilch............... Berlin, Germany
Irving Langmuir .................. Schenectady, N.Y., U.S.A.
Lee DeForest coovvvvviinerniennnnnn. New York, N.Y., U.S.A.
William C. White ....c.oovuvueen, Schenectady, N.Y., U.S.A.
William Gardner .................. Schenectady, N.Y., U.S.A.
John Stone Stone ......oceuu....... Boston, Mass., U.S.A. -
E. H. Colpitts ....cccevvvnvnenennn. New York, N.Y., U.S.A.
W. L. Richards ...ccccccvvvvvennnnnn, New York, N.Y., U.S.A.
H. D. Arnold  ...cccvvvvennnnn... New York, N.Y., U.S.A.
20 John Mills .ieeereinniniiinnnincnens New York, N.Y., U.S.A.
Robert Von Lieben ............... Berlin, Germany
Eugen Reisz ......cocvvveininnnn.. Berlin, Germany
Siegmund Strauss .......eeeeee..... (Deceased)
Edwin H. Armstrong ............ New York, N.Y., U.S.A.
Alexander Meissner ............... Berlin, Germany
Graf Georg Von Arco ............ Berlin, Germany
Henry J. Round .....ceceenennn. London, England
George Maurice Wright ......... London, England
Charles Samuel Franklin ......... London, England
30 George W. Pierce ...ocoueuneneen. Cambridge, Mass., U.S.A.

and various other persons whose names and addresses are not at present
known to the Defendant but which it prays leave to insert in its Particulars
of Objection by proper amendment when known. )

(c) The alleged invention was described in the printed publication
referred to in Schedule IT hereto.

5. The alleged invention described in said Letters Patent is not useful.
6. The alleged invention described in said Letters Patent is inoperative.

7. The claims of said Letters Patent are not based upon and are not
justified by the specification.

40 8. If the said Ernst F. W. Alexandérson made the invenf_;ion, (which is
not admitted but denied), the claims are too broad and claim more than
.. such invention.

9. The specification forming part of said Letters Patent does not clearly
and fully describe and does not state clearly and distinctly the mode or
modes of operating the said alleged invention as contemplated by the alleged
inventor and does not state clearly and distinctly the contrivances and
things which are claimed as new and for the use of which an exclusive

In the
Ezchequer
Court of
Canada,

No. 5.
Particulars
of Objection,
24th Nov,,
1925.
Amended
8th Jan.,
1927
—continued
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gnthe  property and privilege is claimed, and it would not be possible for any one
Court of Skilled In the art to which the alleged invention appertains to make, use,

Canada.  apply or work out the same from the information reported in the specification.

pare: 5 10. The material allegations in the petition and declaration of the
o s, applicant for the Patent referred to in the Statement of Claim are untrue.

of Objection,

Jath Nov., 11. Under paragraph 10 of the Particulars of Objection already delivered,

Amended  the Defendant further states that the oath of the inventor is untrue in that

Sth Jan. e swears that the invention * has not been patented to me or others with

—continued. My knowledge or consent in any country.”

12. The said Letters Patent is invalid, null and void on the ground 10

that what is described and claimed therein by the applicant Ernst F. W,
Alexanderson, was previously described and claimed by Irving Langmuir in
Canadian Letters Patent Number 196,390, of which Canadian Letters
Patent Number 244,847 is a re-issue; and that the said Irving Langmuir
and the said Ernst F. W. Alexanderson were in the common employment
of the General Electric Company, to which they had each made a general
assignment of their inventions.

18. The Specifications, including the Claims, forming part of the said
Letters Patent, each contain more than is necessary for obtaining the ends
for which they purport to be made, and such addition was not an involuntary 2¢

€rror.
GEO. ¥. HENDERSON,
Of Counsel for the Defendant.

SCHEDULE 1

Referred to in the annexed Particulars of Statement in Defence.
Canadian Patent No. 208,583 of February 15, 1921.

CANADIAN LETTERS PATENT

Number Date Inventor or Patentee

156,452 ......... June 23, 1914 ............ Wilhelm Schloemilch and August
Lieb 30

159,794 ......... December 29, 1914 ...... Lee De Forest

159,855 ......... December 29, 1914 ......George W. Pierce

187,798 ......... December 3, 1918......... Charles Samuel Franklin

187,794 ......... December 3, 1918......... Henry Joseph Round

196,145 ......... January 13, 1920 ......... Irving Langmuir

196,390 ......... January 20, 1920 ......... Irving Langmuir

198,808 ......... March 30, 1920............ Irving Langmuir

208,836 ......... February 22, 1921 ...... Irving Langmuir

212,366 ......... July 5, 1921 ............... Irving Langmuir

216,321 ......... March 7, 1922 ............ Edwin H. Armstrong 40

216,322 ......... March 7, 1922 ............ Edwin H. Armstrong

218,285 .....unue May 2, 1922 .......cceeeeee Lee DeForest

228,764 ......... February 138, 1923 ...... Graf Georg von Arco and Dr.

Alexander Meissner
244,847 ......... November 25, 1924 ...... Irving Langmuir
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20

30

v

. UNITED STATES LETTERS PATENT
706,738 ......... August 12, 1902 ......... R. A. Fessenden

714,756 ......... December 2, 1902......... J. S. Stone
734,048 ......... July 21, 1908............... C. D. Ehret
742,779 veuennen. October 27, 1903 ......... R. A. Fessenden
756,436 ......... April 5, 1904............... John Trowbridge
767,976 ......... August 16, 1904 ......... J. S. Stone
864,272 ......... August 27, 1907 ......... J. S. Stone
841,386 ......... January 15, 1907 ......... L. DeForest
841,387 ......... January 15, 1907 ......... L. DeForest
879,532 ......... February 18, 1908 ...... L. DeForest
884,110 ......... April 7, 1908............... J. S. Stone et al
899,243 ......... September 22, 1908 ...... S. Cabot
916,840 ......... March 30, 1909............ S. Cabot
995,126 ......... June 13, 1911 ............ L. DeForest
1,087,892 ......... February 17, 1914 ...... W. Schloemilch et al
1,112,655 ......... October 6, 1914............ C. W. Pierce
1,156,625 ......... October 12, 1915 ......... G. W. Pickard
1,163,180 ......... December 7, 1915......... W. Schloemilch and Lieb
1,297,188 ......... March 11, 1919............ Irving Langmuir
1,282,439 .........October 22, 1918 ......... Irving Langmuir
763,772 ..cc..... June 28, 1904 ............ G. Marconi
BRITISH LETTERS PATENT
10,210 ..i0eeee . 19100 iiiiiiniiiiiininnnns W. P. Thompson
8,821 ......... ] W. P. Thompson
FRENCH LETTERS PATENT
425,047 ......... 52 ) ) P R. Von Lieben et al
13,726, addition to 425,047 ............ R. Von Lieben et al
456,788 ......... September 4, 1913 ...... Gesellschaft fur Drahtlose Tele-
graphic
GERMAN LETTERS PATENT
197,807 weuvereiuveieeceinrirninierneieiacaeninns R. Von Lieben et al
AT T - S OO G. Lorenz Akt. Ges.
271,059 cuverivenniinnreecssntiosresessisenssenens Gesellschaft fur Drahtlose Tele-
graphic
208,800 ...iiiuiiiiaiiirierieiiniiniienes veenens Gesellschaft fur Drahtlose Tele-
graphic
AUSTRIAN LETTERS PATENT
71,340 .....c.... Issued March 10, 1916 ...Siegmund Strauss
. Filed December 11, 1912
SCHEDULE 1II
Referred to in the annexed Particulars of the Statement of Defence.
PUBLICATIONS

Article by John Stone Stone “ Interference in Wireless Telegraphy »

‘ Electric Review, Vol. 46, No. 12—Mar. 25, 1925, pp. 502-507.

In the
Ezxchequer
Court of
Canada,

No. 5.

Particulars
of Objection,
24th Nov.,
1925.
Amended
8th Jan.,
1927
—continued.
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Further
Particulars
of Objection,
21st Jan.,
1926.

Plaintiff’s
Evidence.

No. 7.
Frank N.
Waterman.
Examination

8
No. 6.
Further Particulars of Objection.

The following are Further Particulars of Objection, furnished pursuant
to the Order of the Honourable Mr. Justice Audette, dated the 9th day of
December, A.D. 1925 : —

1. Under Paragraph 6 of the Particulars of Objection already delivered,
the Defendant further states that the invention described in the said Letters
Patent is inoperative, in that no means are provided or described in the
drawing or specification for preventing the system from oscillating or tending
to oscillate when the alleged invention described in the said Letters Patent
is applied to a vacuum tube system wherein each of the plurality of resonant
circuits is adjusted to be resonant to a given frequency.

2. Under Paragraph 7 of the said Particulars of Objection already
delivered, the Defendant further states that the claims of the said Letters
Patent, if they define an operative arrangement, are not based upon and
are not justified by the specification, in that the specification does not
describe or provide means for preventing the system oscillating or tending
to oscillate, and that therefore, assuming the claims to define any operative
vacuum tube system, they are not based upon and are not justified by the
specification.

3. Under Paragraph 10 of the said Particulars of Objection already
delivered, the Defendant says that the Petition and Oath of Application of
said Letters Patent were untrue, in that the Petition states ‘“that he hath
invented certain new and useful improvements in selective tuning systems,

10

20

not known or used by others before his invention or discovery thereof, and -

not being in public use or on sale with his consent or allowance as such
inventor, for more than one year previous to his application for Patents,
therefor, in Canada.”

DATED at Ottawa, this 21st day of January, A.D. 1926.

(Sgd) GEO. F. HENDERSON,
Of Counsel for the Defendant.

No. 7.
Evidence of Frank N, Waterman.

FRANK N. WATERMAN, Sworn. Examined by MR. SMART :

M=z. SMART: Are you satisfied that Mr. Waterman should be seated,
my Lord ?

His LorpsHIP: Yes.

Mr. HenNDERsSON : Would your Lordship think it convenient that I
should hand you this memorandum of dates ?

His Lorpsure: Which you mentioned just now in your closing ?

30

40
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~ Mr. HeENDERSON : Yes. I can easily replace it from my brief. It is i the
just a convenient way of having it. There are a few words on here, which I Gouiler
mentioned in argument. They do not hurt. Canada.

Mr. SmarT: Q. What is your residence and occupation, Mr. Water- Flaintiffs
man ? —A. My residence is, Summit, New Jersey; and I am a consulting '
engineer. . Frooe -

Q. I propose to examine you with respect to the issues in this action, waterman.
as an expert ; and I should ask you to state in a general way your qualifica- Exemination
tions to give thatkind of evidence ? —A. I was educated in Cornell University, eontinued:

10 graduating in the course of Electrical Engineering. For 11 years thereafter
1 was in the employ of the Westinghouse Electric and Manufacturing
Company. Since that time I have been acting as a consulting engineer
and have devoted special attention since about 1910 to the subject of radio ;
or, as it was then called, wireless transmission and reception. I have in
that connection frequently testified in°litigations and have made a special
study of that subject in its various phases.

Q. Have you read and do you understand the Alexanderson patent
which is in suit in this action ? —A. I have, and I do.

Q. Now I wish you would state in a general way such of the facts

20 relating to radio transmission and reception as may be helpful in under-
standing the disclosures of that patent ? —A. In order that I may be sure
that I understand the scope of your inquiry, I will say that I will answer your
question first, briefly, as to what radio signals are, and how they are produced
and transmitted ; the effect of receiving antennae ; how they carry messages ;
how the receiving station is affected by & plurality of such transmitting
stations ; and then proceed to the principles by which selection is governed.

Q. Yes, I think that would about cover the scope of what I have in
mind. It will of course be a repetition in part of what I have said in opening,
but I think Mr. Waterman can express it more accurately than I have.

30 His Lorpsuip: Yes, I should like to hear the witness. As briefly of
course, as possible ?—A. In radio signalling we have to do with the trans-
mission of very high frequency electrical waves, as we call them. They
travel with the speed of light, and are quite analogous to light waves in
their nature. We could therefore conveniently think of a radio transmitting
station as in the nature of a lighthouse, sending out radiation in all directions.
The vertical wire or antennae by which the radiation is caused, corresponding
to the vertical shaft of the lighthouse.

The waves are produced by causing charges of electricity to travel up
and down the height of that antennae.

40 If a positive charge, for example, starts towards the top, an electric
wave starts travelling out from the antennae. It arrives at the top, returns
to the bottom, and in so doing a negative charge takes its place. That is, a
negative charge immediately follows; and that negative charge returns
to earth. While this process was going on, the wave that started has been
travelling with the speed of light away from the vertical antennae. At the
end of the cycle which I have just described, it has reached a distance away
from the antennae which will be equal to the velocity of light multiplied by
the elapsed time. That distance, with waves such as we are using in broad-

a C
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Anthe  casting to-day, would be from say 200 metres to 600 metres. That sequence

xchequer . . :

Court of Of €vents in the antennae is constantly repeated. Therefore a continuous
Canada.  succession of waves is emitted and they continue travelling away with the

Plainti's ~ Speed of light, 186,000 miles per second ; and therefore at the end of one

Evidence.  second the number of such waves that have been emitted is equal to the
No. 7.  wave length divided into the speed of light ; and in ordinary broadcasting

Frank N.  ranges that varies from 500,000 per second to 1,500,000 per second.
Waterman.

Examination Very briefly, the effects which the current travelling up and down the

—eontinued. gntennae produces are these : when a charge is at the top of the antennae,
it establishes what we call an electric field ; that is to say lines of strain, as 10
we call them, connecting the top of the antennae with the earth; and a
certain amount of energy is represented by those lines of strain, and when a
charge rushes to earth, it constitutes what we call an electric current, and
sets up what we call an electric mggnetic field. The electric field extends
from the top of the antennae to the earth, the electromagnetic field however
extends in circles parallel to the earth around the antennae. And that
electric wave —and this is about all we know about it —consists of those two
fields travelling together, and they travel out through space with the speed
of light.

Wherever there is a piece of metal in their path, which intercepts these 20
travelling waves or fields, current is produced. Or more strictly, I should say,
an electromotive force is produced. An electrical pressure. Something
which causes a current in a suitable path.

The current which actually flows will depend upon many circumstances,
but it will be caused by this electromotive force or pressure or potential
(all of these terms are used) which is set up by the passage of this very high
speed travelling wave or succession of waves.

A receiving antennae is such a piece of metal. It is a wire, for example,
erected with the specific intent that it shall intercept these travelling waves
and shall have electromotive force developed in it.

His LorpsHIP : So you have the electromotive force developed between
the sending and receiving antenna, is that it ? —A. The sending antennae
sends out waves. The receiving antennae has developed in it as a result of
intercepting those waves, a pressure existing, one instant for example,
between the top and the bottom of the antennae. The top may be positive,
and the bottom negative. And that electromotive force varies just as the
waves vary. It therefore goes through the same enormously high frequency
changes that are caused at the transmitting station. If the current at the
transmitting station is reversing to produce one million complete cycles per
second, then the electromotive force produced in a receiving antennae will 40
similarly go through one million complete cycles per second.

Such a continuous emission of uniform waves would have no utility.
It is created therefore for the purpose of serving as a means of carrying some
useful effect. It is therefore subjected to what we call modulation.

Modulation consists in varying the intensity of those waves; the
intensity of the current which travels up and down in the transmitting
antennae, in other words.
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His Lorpsurp: Is that equivalent to what Mr. Smart stated this * In the

morning about the telegraphic current ; in which you chop the current into  Gaures”
dots and dashes ? —A. That is one mode of modulation, yes. Canada.
Q. And that is what happens in the radio waves ? —A. Yes. Plaintiffs

Q. That is the wave is modulated up or down and causes these strange Evidence.
figures which we saw here this morning ? —A. Yes. It may be modulated 5 7.
partially or it may be modulated completely. By that I mean that the Frank N.
intensity of the fields constituting the waves, may vary between a maximum pyeemat.
and say zero, or may vary between a maximum and something greater —continued.

10 than zero. But it is necessary, in order that the wave may be useful, that

it should vary.

Mr. SmarT: Q. I take it that you are going to deal with the difference
between telegraphy and telephony in dealing with modulation ? —A. I will
if you desire it. In other words, in order that this high frequency continuous
oscillation which is produced shall be useful, it is necessary to vary it in some
way. Now we may vary it to form dots and dashes. We may vary it to
form speech. We may vary it to form music. In any case, we superimpose
upon it an audio frequency effect.

Now this very high frequency radio effect which I have been speaking

20 of, which varies between 500,000 complete cycles per second and 1,500,000
complete cycles per second in the broadcast range, vastly exceeds the power
of any instrument to follow, to make sound. If any instrument were able
to follow it, it would vastly exceed the power of our ears to respond. '

His LorpsHiP : Do you say that is superimposed upon the air waves ?
Or is not the wave begun, and the form changed by the instrument ? —
A. That is the effect which we call the'super-position. We vary the intensity
of the strength of the current rushing up and down in the transmitting
antennae in accordance with some audio frequency modulation, which may
be dots and dashes, which may be speech, or which may be music. That

30is equivalent to the super-position of this audio frequency of the same
antennae, and we speak of it in that way. It is known by the term * modu-
lation " which better expresses the idea of varying up and down the currents
that are applied to the transmitting antennae.

Audition ranges of frequency are very much less. The ordinary ear
perceives from perhaps as low as thirty or fifty cycles per second, up to a
number of thousands. The line of demarcation that is officially recognized
between audio frequency and radio frequency is 10,000 cycles per second ;
but of course ordinary speech or ordinary music rarely reaches that range.
The difference between the telegraphic signal and the speech signal or the

40 music signal is merely the difference in the form of modulation.

I did not see the figures that Mr. Smart drew this morning, but I
assume that he drew out lines such as represent speech wave forms.

The telegraph wave form, instead of being irregularly curved, is a
succession of square outlines by which the carrying wave is modulated.

Usually, or at least commonly, —I do not know that I can say as to the

- usual practice, —the majority practice, —the intensity of the wave merely is
modified. It is not cut entirely off, because it is very difficult to do that.
To represent a dot the waves go out full strength for an instant, and then

a ) c2
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gtk they fall in strength, corresponding to the space between the next dot,
Couwtof and do not entirely die out; then they rise to the full amplitude again,
Canada.  corresponding to a dash perhaps, and then fall to represent another space
Plaintits  and we have the telegraph letter ““ A.”” If instead of rising abruptly and
Evidence.  falling abruptly we vary the rate at which they rise and fall, we would have
No. 7. the spoken letter *“ A.”” That is all the difference.
Frank N: The medium through which these waves travel is simply, as we say,
Examination the air. There being only one such medium all other transmitting stations
—continued. have to occupy it simultaneously. It is like the surface of a pool of water.
If a dozen men are fishing and the bobs are going up and down and sending 19
out ripples, the effect on the surface of the water is a composite choppiness
which represents the sum of all of the ripples caused by all the bobbing
corks. So if we have a number of stations transmitting, sending out radio
broadcast matter for example, they are all occupying the same space, the
same air ; they are all travelling with the same speed, they all reach a given
receiving antenna; they all produce electromotive force, and current in
that receiving antenna. Now they differ from one another in their wave
length ; therefore in their frequency.
One station may, for example, be sending at 500 metres; that is
600,000 cycles per second. Another may be sending at 450 metres, another 20
at 400 metres, another at 800 metres, and so on. In other words, the one
characteristic by which they may be, generally speaking, differentiated is
the frequency at which they occur, or as we ordinarily say, the wave length.
They are travelling at the same speed. They have the same intensity or
a different intensity, but the thing that characterizes them is their wave
length. Now as these waves travel out from any given station they are
attenuated just as light is attenuated. If you stand close to a lighthouse
the light looks bright, but if you are a long way off the light appears very
dim. So that if we were close to a transmitting station a given receiving
apparatus will make the signal seem very loud. If we carried that same 30
receiving antennae and ‘apparatus farther away, the apparent intensity
of the signal would progressively decrease. So that the signals arriving
at any given receiving antennae will have an intensity which depends
upon two things; the original intensity with which the signals
were emitted and the distance that the receiving station is away
from the sending station. There are very many other effects more or less
understood and more or less mysterious to us which affect the transmission,
so. that we say we have good radio nights and bad radio nights. They
are more or less like the weather, but for any one state of what I may call
radio weather the conditions which I have just described hold. If any one 40
receiving station wants to hear the programme or the message, whatever
it may be, sent by the one particular emitting or transmission station, it
must be able to pick it out of the jumble of currents in the receiving antennae
as that particular one. It may happen that that particular one comes from
a somewhat distant station and is relatively feeble, while an undesired
signal may come from a relatively near station or a relatively much more
powerful station, whose effects therefore arc very much louder when received
with an effectiveness which produces much greater currents in the same
antennae. The problem which is so acute to-day is therefore a problem
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of selection. Selection involves a good many problems. If two transmitting In the
stations are transmitting waves whose frequencies are very close together Courtof
they cannot be separated. We as yet do not know of any means by which  Canada.
for example two stations of the same frequency could be separated. If paintifs
they differ very slightly still we cannot separate them. But one of the Evidence.
very important problems, of paramount importance in fact, in view of the xo. 7.
present large number of transmitting stations and of paramount importance Erank X.
on the seaboard for example, to successful radio communication to ships Examination
at sea and foreign countries, is the ability to select a feeble signal through —continued.
10 a very powerful signal of quite widely different wave lengths or frequencies.
If, for example, the receiving antennae is in the vicinity of a large city
having a powerful broadcasting station, that receiving station at once is
resented with a problem of receiving other more distant and therefore
more feeble stations through the very powerful effect of that closely adjacent
sending station. That is the particular problem which is here dealt with.
Now in order to understand the possibility of selection which appears
in the use of different transmitting wave lengths it is necessary to under-
stand the principles upon which such selection is possible. The fundamental
principle used in all selective systems, so far as it is necessary to consider
20 them here, is the principle of resonance. We are all very familiar with
resonant system, although we do not ordinarily speak of it by that name.
I refer to the mechanical resonant system. The system which is very highly
developed which we carry, namely in our watches, is an excellent illustra-
tion of the mechanical oscillatory resonance system. The balance wheel
and hair spring of a watch oscillate with such an amazing constancy of
oscillatory actions that a good watch will run for days or weeks with only
a trifling variation in the time, notwithstanding the fact that it oscillates
a number of times per second. The fundamental pre-requisites to such
an oscillatory system are that there shall be two elements involved, one of
30 which has the property of momentum, and the other of which has the
property of resilience. Of course the pendulum is another oscillatory
system and we do not in that case have resilience, but the resilience is com-
pensated for by the effect of gravitation which takes its place. In other
words, there must be momentum to cause some object to swing past a
position of equilibrium and there must be a restoring force tending to pull
it back to its position of equilibrium.
" In the balance wheel hair-spring system of a watch the delicately
mounted balance wheel is an element having momentum : that is, having
inertia, because if it is started in motion it tends to continue in motion
40 and it will continue unless some force stops it. That balance wheel in our
watch is associated with the hair spring, and if our watch stops we know
that by giving it a slight twist we set the balance wheel in motion. The
balance wheel, due to its momentum, travels so far that it winds up the
hair spring, and it is stopped in that excursion by the tax that it puts on
the hair spring ; the hair spring then tends to rotate the balance wheel in
the opposite direction, and having got the wheel moving, its momentum"
.carries it beyond its position of equilibrium. The hair spring is wound then
in the reverse direction and it reacts to draw the balance wheel back, and
:s0 the combined system of a momentum and restoring force acts to cause
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ke a continued oscillatory motion of the balance wheel which occurs at constant.
quer . : .
Court of Pperiods. Of course, if no new energy were added to that balance wheel it
Canada.  would after a while stop ; that is, if you did not have the main spring wound
Plaintifi's ~ Up the watch would not continue running but the function of other mechan-
Evidence.  ism in the watch is to enable the main spring to at intervals impart to the
No. 7. balance wheel of the watch just as much of an impulse as has been taken out
Toamk N.  of it by the friction of the pivot. The reason of course that the balance
Examination Wheel would stop eventually if it were not for the continued addition of
—continued.  jmpulses to it is that there is some friction even in the most delicate pivot,
and that it is moving through the air and that there is air friction. All of 10
those qualities have their analogues in an electric circuit, and it is for the
same reason that an electric circuit exhibits oscillatory or resonant
phenomena, and for analogous reasons, if the electric circuit is set into a
state of oscillation, by which we mean has oscillating currents set up in it,
those currents will die out, by reason of the losses which correspond to the
friction in the balance wheel system I have just spoken of. The element
in such an electric circuit which has momentum, which therefore corre-
sponds to the balance wheel, is the coil ; that is the inductance and it has
that property because, as an electric current flows in it, it creates a magnetic
field around it, and that magnetic field reacts upon the coil, and gives to it 20
the property of momentum.

I dare say we all remember the days of gas lighting, and when it was
common to have a gas jet out of reach lighted, by causing a spark to take
place. That illustrates the momentum of the inductance. The means of
producing that spark was simply that if we pulled the string the current
flowed, and if we pulled the string further the path was broken, but the
current kept on flowing due to the property of inductance or electrical
momentum and the fact that it kept on flowing was evidenced by the spark

which lit the gas. This property of the inductance, acting as though the
current had momentum, is an element in the electric circuit corresponding 30
to the balance wheel of the watch. I have already spoken of the electro-
static field which is created by an antennae. Now, an electrostatic field
exists whenever there is a difference of electrical pressure, where there is
an electromotive force between two points in an electrical circuit. If we
impress such an electromotive force across the plates of a condenser, we force

a certain quantity, large or small, generally a small quantity of electricity
into that condenser. We have, in other words, given the plates different
electrical potentials. We thereby have an electrostatic field in those plates.
We have stored energy in that electrical field which is pressing to come out.
It is acting like a wound up spring. The condenser therefore corresponds 40
to the hair spring of the balance wheel system of the watch. If sucha
condenser is associated with such a coil as I have spoken of, and a current

is created in the coil, that current will charge the condenser up to such a
potential that the current ceases to flow, thereupon the restoring effect
of the condenser comes into play, and the condenser begins to discharge
through the coil, whereupon, due to the momentum of the coil, the current
overshoots, and the condenser is charged in the reverse sense, and when
the current comes to rest it is forced back again.
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So that we have an oscillatory flow of current in the circuit which i, the
is analogous to the balance wheel and the hair spring in the balance wheel Gourtof
system of a watch. That oscillation will occur at a definite rate, just as Canada.
the motion of the balance wheel system of the watch occurs at a definite pigintiss
rate. That rate will be determined by the amount of inductance and the Evidence.
size of the condenser, or the amount of the capacity ; therefore, since we o, 7.
have the ability to control those two things, a system of an oscillatory Frank N.
type can be brought about which is of the desired oscillatory period. P tion

For the sake of making clear, I want to refer to another oscillatory —continued.

10 system for just a moment, and that is the piano string or any mechanical
instrument string. If we sound a particular note in front of a piano where
the strings are exposed, and sustain that note for a moment, and suddenly
stop it, if the note produced corresponded to the same pitch that one of
the piano strings was tuned to, we will hear that string continue the sound
after the original sound has been discontinued. That is because the string
has a definite period, and if we have sounded that period, sounded a note
of that pitch, for instance, the string would take up the vibration from the
sound waves as they strike it.

So an oscillatory system of an electrical type is set in oscillation, if

20it is subjected to electrical impulses, as electrical waves for example, of
the same frequency as that to which. the circuit itself naturally responds.
If the sound that we produce in front of the piano is not exactly in tune
with the string it is often possible to notice that the string of the piano
acquires a slight vibration, but less than would have been the case had the
sounded note been exactly the pitch of the string.

So it is with an electrical circuit. As the frequency or pitch of the
electrical wave departs from that natural to the circuit, the effect produced
in the circuit will be less and less. It therefore follows that if there is a
“heterogeneous jumble of received frequencies due to many broadcasting

30 stations in an antennae, and we cause that antennae to influence a tuned
circuit—that is, a well chosen' combination of inductance and capacity,
having precisely the natural rate of oscillation corresponding to one of the
many signals in the antenna—that circuit will tend to be set in oscillation
more by the signal of its own frequency than it will by the signal of any
other ‘frequency coming in. The effect is similar also to that of a piano
in that as the frequency of the signal departs from the natural frequency
of the circuit, the effect of the signal upon the circuit will rapidly diminish.
I}:f may be useful, your Lordship, to see a pictorial representation of that
effect. ‘

40 (The witness produces pictorial representation which is shown to the
Court.)

In that type of illustration we show the intensity of the effect or the
extent of the response of the electric circuit by a dot placed at a distance
above the base line, measured on the scale at the left of the drawing. The
different frequencies or the different pitches, so to speak, of the wave are
represented by the scale along the bottom of the base line, and those are
arranged in per cents., and in making that drawing I have assumed that
100 per cent. would correspond to the frequency with which a particular
circuit, any circuit, is tuned, and in drawing the curve I have presumed
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Eﬁ’c’hi’;‘; .. that that particular circuit has a certain amount of pivotal or frictional
Court of loss which we call resistance, and that it has a certain amount of inductance.
Canada.  What I actually assumed was that it had a certain ratio of those two things,

Plintif's & matter that I will come to later.

Evidence.
No S Mzr. HenDErsoN: Will that document be put in?
Tk N Mgr. Smart: I will have a photostat made of it and file it to-morrow.

Examination I put in now the Alexanderson patent.

-—continued. :
EXHIBIT NO. 1:—Filed by Mr. Smart Jan. 10th, 1927. Alexanderson
patent No. 208,583.

Tue Wirness: Now if we assume that it is possible for us to act upon 1¢
that circuit with electrical waves whose frequency varies from zero up to
some very high frequency, we will get a certain response in that circuit
from every frequency applied to it, and for each frequency we make a dot
above the base line, and those dots connected up are the curved lines drawn
there, and the curve illustrates the fact that the electric waves which are
not closely in tune with the natural frequency of the circuit have a very
small and more or less constant effect, but as we approach that frequency
mark 100 per cent., to which the circuit naturally responds, the effect pro-
duced by a wave of exactly the same intensity rapidly gets greater until
it reaches 100 per cent. when a very large effect is produced in the circuit 20
as compared to the smaller effect that is produced when the frequency is
quite low, as for example, 10 per cent.

Now if the circuit has a good deal of resistance it corresponds to the
balance wheel of a watch where the pivotal friction is high; then the in-
tensity of the effect that will be produced when the wave is exactly of the
same frequency as that of the circuit will be very much less.

The lower line on the drawing practically illustrates relatively the
small effect that would be produced by the same identical wave in a circuit
having ten times as much resistance as the other.

I think the selective systems that we will be interested in depend 30
directly or indirectly upon this property of resonance. When such a circuit
receives electrical waves or electrical impulses, however produced, what
occurs is first a relatively small effect. Now that small effect, being due,
for example, to a single impulse, when another impulse is added, that
impulse will tend to build up, provided that it occurs in exactly the right
period, so that its effect will be felt. It is like the swinging of a pendulum
and can be illustrated in that way. A very small impulse will not have
-much effect, but a succession of very small impulses will bring about a
wide swing. However, if those same small impulses do not occur in syn-
chronism, if I may use a large word, or in time with the swinging of the 40
pendulum, then there will be either no building up or less building up.
That capacity of a resonant circuit which is illustrated in the drawing just
produced is the accumulative or amplifying capacity of a resonant circuit,
in virtue of which it is able to distinguish between waves which come in
its own frequency, in its own natural period, and waves which although
simultaneously received may be of different frequency.
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Mr. HEnDERsON : Will your Lordship indicate what you think of
doing in the way of sittings ?

His LorpsHir: How many witnesses will you have, Mr. Smart ?

Mgr. SmarT: I do not think there will be a great many. It is
difficult to say until I hear my learned friend’s case.

His Lorpsuip: Have you many, Mr. Henderson ?

Mr. HENDERSON : A good deal depends upon what Mr. Waterman
says. ‘

Mr. SmarT: The fact witnesses will not take long.

10 Mr. HENDERsON : Will your Lordship allow me to make a suggestion
in the spirit of frankness ? I know I will find that a comparatively short
day’s sitting will be of advantage. I do not know what my friend may
think. I do not mean a very short day’s sitting.

His LorbpsHIP: Do you mean from 11 to 1 and from half past two to
half past four ?

Mr. HExDERsON : I think I would almost prefer 11 o’clock, as that
will give an opportunity to get some other things done. For instance, I
found enough work on my desk this morning, outside of this matter to
take several days.

20 His LorpsHir : I suppose we might meet at two o’clock in the after-
noon, after an hour’s recess and sit until four o’clock ?

Mr. SmArT : My mind was rather on a four and a half hour day, than
on a four hour day. :

His Lorpsuip: That is that we meet at ten-thirty ?

MRg. SmarRT: Yes. As a matter of fact the long lunch hour is often
useful in arranging material for the afternoon, and if there is not a break
of sufficient length it may only mean that the material is not as well arranged.
It is not wasted time.

Mr. HenxbeErsonN: 1 agree that reasonable opportunities for con-

30 ference are going to shorten the matter.

Mr. SmarT: Yes, it works both ways.

His Lorpsuip: All right. We will adjourn now until ten-thirty to-
morrow morning, and see how it works.

(Court adjourned Monday, January 10th, 1927, at 4.30 P.M., to resume
on Tuesday, January 11th, 1927, at 10.30 A.M.)

Mgr. SmarT: I propose to file this typical resonance curve which the
witness was referring to yesterday.

EXHIBIT NO. 2:—Filed by Mr. Smart Jan. 11th, 1927. Typical reso-
nance curve submitted by witness, F. N. Waterman.
40 His Lorpsuir: Do counsel wish to correct the evidence as we go
along ? ' '
Mg. Smart: I have a number of corrections noted. Sometimes it is
a very convenient way to give the corrections to the reporter and have
them extended on the record.

a D

In the
‘Excheguer
Court of
Canada.

Plaintifi’s
Evidence.

No. 7.
Frank N.
Waterman.
Examination
—continued.
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i the . Mzr. HExXDERSON : I must confess that I did not go over this evidence

rchequer . . .

court of last night because it was of an introductory nature. I would suggest, however,
Canada.  that it would be very easy to get together on this matter and then correct

Plaintif's ~ your lordship’s copy. I doubt if there will be anything we do not agree

Evidence. upon.

. Nﬁ- 1\? His LorpsHir: It is easier to make the corrections daily.

- rrank .

Waterman, MR. SMART: Suppose to-morrow we endeavour to correct the two
Examination d s’ co

—continued. ay pY‘

Mr. HeExpERsON : I will acknowledge it was my fault that I was not
ready this morning, but I looked upon proceedings yesterday as rather 10
introductory matter.

His LorpsHir: As I understand it this patent has to do altogether
with the matter of selectivity.

MRr. SmarT: Yes.

His LorpsHIP : And that means a mechanism which excludes extrane-
ous matter —everything except the thing you desire to have.

Mgr. SmarT: Yes.

His LorpsHip: In plain language that is the meaning of it ?

Mr. SmarT: Yes. In the Alexanderson patent, Exhibit No. 1.
[

F. N. WATERMAN, Examination resumed by MR. SMART : — 20

Q. In the Alexanderson patent, Exhibit No. 1, in the third paragraph,
I find this statement :

“ The method now commonly employed for this purpose consists in

using an electric circuit in which a train of waves of a given frequency

acts cumulatively so that each successive impulse adds its energy to the

previous impulse, while disturbing impulses of a different frequency have

little effect. However, to screen out strong disturbing impulses effec-

tively when weak signals are to be received requires an accuracy of

adjustment which imposes a definite limit upon the possible selectivity

of the system.” 30

I wish you would explain the kind of tuning that is referred to in that
extract from the patent. _

His LorpsHIP: Are you going to put together before me an Exhibit,
or something for my own information, showing a unit circuit ?

Mr. SMART: Yes. There will be.

Mr. HENDERsON : There will be several different circuits.

His Lorpsurp: I mean showing the condenser and circuit and valve.

Mr. HExDERsON : We will have what we call a simplified drawing.

His LorpsHir: I do not mean a drawing. I mean the actual exhibit.

Mr. SmarT: We have the exhibit here. 40

MR. HENDERSON :  We have one now.

MRr. SMART : You might answer the question which I put to you ? —
A. The passage which you referred to in the patent has to do with the action
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of such a circuit as I was engaged in describing in the latter part of my _In the
last answer. I pointed out that such a circuit contains an inductance, ‘gemies
corresponding to an element having a mass in a mechanical system, and a  Canada.
condenser, corresponding to an element having elasticity in a mechanical piainties
system. And I pointed out that just as a piano string or a pendulum can be Evidence.
caused to act cumulatively to build up a vibration by adding the energy o, 7.
of successive impulses received by it, so an electric circuit adding up the Frank N.
impulses received from successive waves is caused to develop a larger and }3“?;‘;‘::{:0,‘
larger oscillatory current corresponding in frequency to the received waves. —continued.

10 His Lorpsuip: An oscillatory current, Mr. Waterman, is simply a
forward and backward movement ? —A. Yes, your lordship, a current which
moves first in one direction around a circuit and then in the opposite direction.

Q. That is an oscillatory current ? —A. Yes.

Mr. SmarT : What is the distinction between the alternating and the
oscillating current ? —A. There is no fundamental distinction. We com-
monly use the term oscillating to apply to high frequencies, and alternating
to apply to lower frequencies ; but that distinction is not hard and fast, and
‘“ alternating ” is often used when ° oscillating ”’ is meant.

. Q. So that oscillating is a terminology belonging more to radio ? —A.
20 Yes.

His LorpsHip: That is probably the distinction ? —A. Yes, your
lordship. The extent to which such a circuit is able to act cumulatively to
add up the energy of successive impulses depends upon two things, the
exactness with which its own natural period of oscillation corresponds to
the frequency of the received impulses, and the energy dissipative qualities
of the circuit, that is its resistance, the readiness with which it loses energy,
as in the balance wheel, if the pivots have resistance or there is appreciably,
air resistance, the balance wheel if not continuously supplied with impulses,
tends to come to rest; and conversely will build up to a lesser degree. So

3p an electric circuit will build up to an extent governed by the rate of dissipation
of energy ; because when the dissipation of energy in one swing or oscillation
of the current equals the energy which is received by each impulse, then
there can be no gain. And this passage refers, in the first portion of it, to
such cumulative action, and it contrasts the cumulative action of an impulse
which has the same frequency as the natural rate of oscillation of the circuit
with one which is referred to as a disturbing impulse of a different frequency,
which has relatively little building up effect. I have made a sketch
illustrating the difference.

Mgr. SmarT: This is the sketch, your lordship.

40 Mgr. HENDERsON : Wait a moment, Mr. Smart, please. I object to the
use of this, my lord, until the witness tells us how this is arrived at.

Mg. SmarT: If the sketch which the witness has made will illustrate
anything, it should go in.

Mgr. HExDERsoN : I object to the use of it.

His Lorpsurp: What is the objection to it, Mr. Henderson ?

Mgr. HEnDERSON :  Until we know whether this is based upon the
calculation, or how it is arrived at, it will be impossible to follow it.

D 2

¢]
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Eﬁ?hi];i 5 His Lorpsurr: 1 presume he is going to explain that.
Court of Mr. HENDERsON : It is not proper simply to hand in a sketch before
* giving some idea of what the sketch is.
Plaintifl’s His Lorpsuip: The witness has been discussing this, has he not ?
No 7. MR. SMART: Yes, my lord.
Frank N. Mr. HENDERSON : He has not discussed this yet, my lord.
]ixc%rrrlltiirrl&teig.n His Lorpsnuip: I do not see any objection. It may help or it may not.

It may help to illustrate what he says.

Mr. HExDERsoN: My friends who are with me have had previous
experience with this witness of something very similar, oscillograms, which 10
have been ruled out in another court.

Mg. SmarT: They have been ruled in, as I understand it.

Mr. HEnDERsSON : I say they were ruled out. And the reason is that
unless we are there to check the making of them, or unless they are based
upon mathematical calculations with which we are furnished, we have no
opportunity of checking them.

His Lorpsuip: You will have an opportunity upon cross-examination
or upon the production of your own witnesses to attack this. I have no
idea as to their force or the weight of them, as yet.

Mr. HENDERSON : As yet I do not know what they are, but I desire 20
to point out to your lordship now that they may be very misleading.

His Lorpsuir: I do not think I will be misled by it. I will receive it,
subject to objection. '

Mr. SmarT: Q. Will you go on with your evidence ?
The sketch produced by the witness is offered as exhibit No. 3.

EXHIBIT NO. 3:—Filed by Mr. Smart. Jan. 11th, 1927. Sketch of
oscillations in an oscillatory circuit.

A. The sketch which has been called exhibit 8 is intended to illustrate
the two statements contained in the first sentence quoted. The two upper
figures marked A and B illustrate the building up cumulatively of oscilla- 39
tions in a circuit when the received oscillations or waves have the same
frequency as that natural to the circuit. The two lower curves, marked a and
b, illustrate the statement that disturbing impulses of a different frequency
have little effect, comprising the latter part of the first sentence quoted in
the question.

In each case the sinusoidal or wavy line, marked A represents an incom-
ing wave of continuous or sustained oscillation. The line B in each case
illustrates such cumulative action as takes place in a circuit of somewhat
higher resistance when the oscillations are experienced by it. The words
“ act cumulatively so that each successive impulse adds its energy to the 49
previous impulse ” is illustrated by the gradual increase in height of the
upper sinusoidal or wavy line marked B after the beginning cf the oscilla-
tions A. Your lordship will see that each successive wave is higher than the
preceding, and that this continues up to a certain point; and at thatpoint
the losses, the energy dissipation of the circuit becomes equal to the energy
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received in each wave, and therefore it does not build up higher. Now, if In the
the circuit were one having a higher tuning factor, that is having a higher ‘Ganier
energy conserving power, in relation to its dissipating power, then the curve  Canada.
would build up still higher. Plaintifi's
In the typical resonance curve which I produced yesterday, exhibit Evidence.
No. 2, which is merely another way of showing this phenomenon, I called: g 7.
attention to the fact that thé circuit having quite small losses gave a high- Frank N.
peaked resonance curve, The'peak was quite sharp and rose to a great perooeen.
height ; whereas a circuit having greater energy dissipating characteristics —continued.
10 or higher resistance rose to a much less height.
So the number of waves that will be required to build up in the line b
just referred to will depend upon the losses that occur in the circuit.
In the two lower lines the action of the same ecircuit is illustrated by the
wavy line B ; but the waves A that are received are no longer of the same
- period as those to which the circuit naturally responds ; therefore we have
a quite different sort of building up, and the curve B illustrates the irregular
sort of cumulation which takes place and the relatively small current that
is ultimately reached in a circuit when acted upon by waves of a different
frequency. )
20 This illustrates the last portion of the first sentence, passage, quoted,
namely beginning in line 18 of the U.S. Patent, which says:—

* While disturbing impulses of a different frequency have little effect.”

Roughly this lower line B represents the effect of impulses some 15 to
20 per cent. different from that to which the circuit naturally oscillated. If
the frequency had differed more widely from that normal to the oscillations
of the tuned circuit, then the height to which the lower line oscillations B
build up would have been progressively less as the frequency departed from
that natural-to the circuit. :

The second sentence quoted in the question which says:—

30 “ However, to screen out strong impulses effectively when weak

signals are to be received, requires an accuracy of adjustment which
imposes a definite limit upon the possible selectivity of the system,” —

refers to the difficulty that is encountered when the signals being received
by the antenna inherently differ greatly in intensity.

If I may refer for a moment to Exhibit 2: your lordship will notice
that at about 60 per cent. on the horizontal scale, and at about 160 per
cent.—these percentages referring to the percentage of the resonant fre-
quency which an incoming signal has with respect to the natural frequency
of the circuit assumed to be under consideration, —the current generated,

401 say, at about 60 and about 160 per cent. is 1 per cent. of that generated
at 100 per cent. It means that if a circuit, let us say, is tuned to a million
cycles, so that its natural rate of current oscillation is 1,000,000 times per
second, is affected by a signal say 600 thousand oscillations per second, the
effect in this particular circuit diagram in Exhibit 2 by the sharp peak
curve, will be to produce only one per cent. of the current that would be
produced by the signal to which the circuit is tuned. If, however, the signal
which has only 60 per cent. of the tuned frequency, comes say from the
Ottawa station, when a listener in Ottawa desires to receive a signal coming
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gnthe —from New York or Chicago—some relatively distant point—it may easily
xchequer . £ . . :
Court of D€ that the actual intensity of the signal as it approaches the antenna is
Canada. 100 times or more greater than the intensity of the desired signal as it
Plaintit's ~ approaches the antenna. Should it be 100 times as great, then evidently
Evidence.  the signal having only 60 per cent. of the resonant frequency would produce
No. 7. just as loud a noise in such a circuit —that is just as large a current and
f‘;:?el;mlin hence just as large a response in the receiving system of which that circuit
Examination 15 @ part,—as though it had come in at the tuned frequency. And that is
—continued. the problem that Alexanderson is referring to in the second paragraph

quoted. 10

He says that while by constantly improving such circuit in respect of
constantly minimizing its losses and constantly increasing therefore the
height or intensity to which the current could build up by a resonant signal,
and relatively minimizing the extent of building up by an out-of-tune or
disturbing signal, nevertheless that process cannot be carried too far.
There are various reasons why that cannot be carried to such an extent as
will solve the problem. It is difficult to build into an actual radio set a
circuit of very much better performance than that diagrammed in Exhibit 2,
by the higher curve. If such a circuit by itself could be constructed it would
hardly preserve that excellence when built into a receiving set, because the 20
losses of a circuit subject to high frequency oscillatory currents are not,
unfortunately, determined purely by the construction of the coil and
condenser themselves, and, due to the very high frequency oscillation of
the magnetic and electrostatic fields, losses are produced by all the sur-
rounding matter. Metal causes losses due to induction, and insulating
materials cause losses due to the electrostatic effects. Further, if such a
circuit were feasible and were made so sharp that the distant signal could
be received through such interference, it is still true that it would be
impractical because it would be almost impossible to find the desired signal.
The circuit would receive the desired signal only when absolutely precisely 30
adjusted, which is extremely difficult.

Further, if the signal were obtained, it probably would not stay —to
use a rather crude expression. That is, it is extremely difficult to maintain
perfectly constant the frequency with which the signal itself is radiated.
The high frequency wave which carries the voice, or the code, or the music,
whatever it may be, does vary in frequency, and if exactly tuned at
one moment, and the frequency varied, then it would be out of tune another
moment in so sharp a circuit.

There is a further difficulty. Naturalness of reception, whether it be
in speech or in code or in music, depends upon the impressing upon and 40
modulating of the carrier wave bv a wave of much lower or audio frequency
having its own shape. 1 think it has been pointed out to your lordshlp
that the sound waves of a simple sound —-such as the letter *“ A ” in ** father,”
which I kelieve is musically the simplest of the speech sounds, —contains
in the feminine voice some eight different frequencics, and in the masculine
veice approximately twice that-—and these frequencies must be carried by
the carrier wave, and must be preserved in the receiving wave. This means
that a wave which is too sharp at the peint, at the top, will cut off some of
those frequencies.
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There are therefore many reasons, which the patentee refers to generally.  In the

. h
Mr. SmarT: Q. What would be the effect of cutting off some of those %ﬁflretqz;r
frequencies in that way ? ‘ - Canada.

Mr. HENDERSON : Just before you answer that, will my friend pardon Fleintift’s
me for a moment ? I do not desire to object, because I think your lordship Evidence.
will want to get as much information as you can; but Mr. Waterman has _ No. -
said that Mr. Alexanderson says so and so in the patent, and he just now yeieman.
says this is what the patentee refers to. That of course can only be his Examination

opinion —continued.
10 His LorpsHIP: Oh yes, that is all.

Mr. HexpErRsoN: I do not want to be objecting to that kind of
evidence, as attempting to interpret the document. I do not understand
that your lordship is taking it as interpreting the document at the moment ?

His LorpsHir: I have got to interpret it. - He is giving his view of it.

Mr. SmArT: Q. Will you deal with the point mentioned, as to the
effect of cutting off some of those frequencies belonging to the voice trans-
mission ? —A. Yes, I should have done that. The effect of cutting off
some of the frequencies which are component parts in the message, whatever
it may be, impressed upon the transmitter, is to make them sound unnatural.

20 For example, let us assume we are doing as simple a thing as receiving -
a code message from a spark station. Those stations have their individual
characteristics. With too sharp a circuit they lose their individual character-
istics and one no longer recognizes the sound of the station he is receiving,
even in continuous waves, when modulated for code signals. The modula-
tion has certain characteristics. I have had no difficulty, for example, in
reading the code signals of one station through another by recognizing the
character of the modulation which was imposed. That is done, or that can
be done, quite readily and telegraphers do it provided that there is not too
great a discrepancy between the volume of the sound of the desired signal

30 and that of the undesired signal. If the undesired signal is overpoweringly
strong, of course it cannot be done. Then suppose music is coming in. It
would be quite difficult or impossible to tell the difference between a flute
and a violin if the width of the top of the resonance curve of such a circuit
as I am considering, was too narrow ; or to recognize the familiar character-
istics of one individual’s voice as compared to another; or to get the full
mellowness of any piece of music, or the full impression of the effect of a
speaker. In other words, distortion results.

His Lorpsuip: "Mr. Smart, that paragraph does not seem difficult to
me. I think the inventor merely states that you have a difficulty, or at that

40 time had a difficulty in suppressing waves with a different wavelength to that
of the receiving set.

MRr. SMART: Yes.

His LorpsHIP: He says how it is done and he says he proposes a
way of suppressing or improving that. The paragraph is very simple is it
not ?

MRg. SMART : Then perhaps you might go on, Mr. Waterman, and state
how Alexanderson proposed to obtain the selectivity which he describes in
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e his patent Exhibit 1.—A. May I simply state that I understand that in
Cowt of the description of how Alexanderson proceeds, he is referring more particu-
Canada.  ]arly to the second one of the two difficulties mentioned in the paragraph
plaintits ~ above. The first refers to differences of frequency ; and the second refers
Evidence.  to differences of frequency plus great differences of volume; and I under-

No. 7. stand that the invention is addressed particularly to the last named difficulty.

Yrank N. Q. Now will you go on and state how Alexanderson proposes to over-
Waterman.

Examination cOme that difficulty.

—continued. His Lorpsuip: Does Mr. Waterman say the particular difficulty he

had in mind was the production of weak wavelength as agalnst stronger 10
wavelengths ? —A. Yes, my lord.

Q. That is in the last few lines of the third paragraph ? —A. Yes,
beginning at line 25 of the United States Patent, page 21, he then states
that in accordance with the present invention, ‘‘ selective tuning is securing
by the use of a plurality of resonant circuits arranged in cascade in such
a manner that the selectivity of the system increases in geometric ratio
with the number of circuits employed.”

Q. What is a resonant circuit ? —A. A resonant circuit is one having
one element which possesses the quality of mass, and that is what we call
an inductance ; and also possesses an element having the quality of elasticity, 20
which we call a ‘ capacity.” So that a circuit having inductance and
capacity is a circuit having a strongly developed tendency to oscillate at a.
particular rate.

Q. When you speak of a tuned circuit, that is one calculated to receive
a certain wavelength ? —A. Yes, my lord, and a tuned circuit is a resonant

circuit.
Mr. SmarT: Q. Now, you are going on with your former answer ? —
A. Yes. He states: * The Selective circuits are respectively inter-linked

by a relay controlling a separate source of energy to initiate oscillations
corresponding to potential oscillations impressed upon the relay.” - And in 30
the next few lines he points out in a very general way how that combination
operates. The central thought, if T can put it that way, of that passage,
to my understanding of it, is that of receiving oscillations in one circuit
in the old way and causing the potentials built up in that tuned circuit to
act merely as controlling means, not by giving up energy, but acting as
controlling means only, to cause a repetition of the signal with energy drawn
from an entirely new source. In other words, to initiate oscillations, a
completely new signal, corresponding to the potential oscﬂlatlons that were .
produced in the first circuit. And he proposes to do that with ** a plurality
of resonant circuits,” repeating therefore a new signal as often as desired 40
to effect the required number of successive selections. The emphasis, as

I understand it, is upon the initiating of a wholly new signal, from a separate
source of energy.

His LorpsHIp: Is it a new signal? Is it not an old signal modified
or purified ?—A. No, that is the distinction. It is literally a new signal,
which is derived from a new source of energy. And that is the thought
which he stresses at the outset, and the emphasis on which is maintained
throughout the patent.
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The signal which the second tuned circuit receives —referring, if I may,  In the
Exchequer

to say figure 2, which is as simple as any —which is received in the circuit 15, v
Is a new signal, drawn from a new source of energy, but it is, as nearly as the  carada.
perfection of the relay permits, identically such a signal as was received in . .~
the first circuit, just above the numeral 6 —it has no actual numeral applied Evidence,
to it in figure 2. Ignoring interference for the moment, we assume a signal ~ —
impressed upon the antenna 1 by the passage with the speed of light, of a Frank N
signal past that antenna. atermag.
Q. What is 2? An induction coil ? —A. 2 is an inductance coil acting e omtinued,

10 in that case as the primary of an oscillation transformer. The received signal
causes a current up and down in the antenna and therefore through the coil 2.
The patentee points out that the association of the coil 2 with the coil at
the right of it, just above the numeral 6 is very loose; so that the effects
of the antenna 1 upon coil 6, I will call it, may be ignored. We then have
repeated in the circuit 6 the signal received by the antenna 1. Now that
is the same signal as was received ; it is the same identical energy.

Q. There is no connection between the coils in 2? 1 see they are
referred to as primary and secondary ? —A. They are primary and secondary
coils of an oscillation transformer and there is no physical connection be-

90 tween them. The connection is that of the magnetic field. The energy

which appears in that secondary circuit, however, is the actual energy

drawn from the passing wave. It therefore is the same signal as was
originally received.

Now by the way of the wire 5 to the grid *“ g ”” in the tube bearing the
Roman numeral “1,” the potentials, that is the effective force set up in
the secondary coil, are embraced between the grid “ g’ and the filament
“c¢” of the tube. Those electromotive forces cause a variation in current
of the battery 11 which is connected between the anode or plate element
“a” and the filament.

30 Q. What is that you say it does in the battery element ? —A. It causes

_ a variation of the current flowing from the battery 11 through the interior
of the tube by way of the anode or plate “a” and the filament *“c.” I
have not yet described the operation of that tube.

Mr. Smart: You will do that later ?—A. For the moment we will
assume it. - Those variations of current of battery 11 correspond to the
varying potentials produced by the signal on the grid “g”; but they are
entirely new signals. None of the energy received from the air is imparted
to the circuit 15 or the circuit 12. That signal is a new signal, the energy
for which comes wholly from the battery 11. Now that new signal will

40 be a signal different from the received signal in that it has been purified

. to the extent that the circuit —comprising the secondary of the transformer
which I have called circuit 6—is able to purify it.

This new signal existing in the battery circuit 11, is imparted through
the magnetic field of the oscillation transformer—just under the numeral
10; and the resonant circuit 15 again acts cumulatively from this new
signal, and builds up a current-to a relatively great height for the desired
signal and to a relatively low height for an undesired signal and so again
selects that signal —or that selective effect, perhaps I had better say, although
it carries the signal of course,—develops a high electromotive force in the

E

a
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Eﬁhi’qfwr oscillatory circuit 15; and that electromotive force is embraced between

Court of the grid ““ g ”” and the filament 2 of the tube bearing the Roman number II.

Ganada. His Lorpsuip: Well now is there any distinction mechanically be-
Ela,iéltiﬁ’s tween the two circuits ? That is where you end the primary coil 12 and
VeI where you begin with the secondary coil right above 12 and on to 18 ?
le:lflc:-lg- There are two separate units. It is one continuous thing, I know, but is
Waterman. there any distinction mechanically or structurally between the two units ?
Examination You pass secondary coil 12 and go through the condenser. You have
—eontinued: gour circuit, you have got your batteries, vou have your filaments, your
grids and plates, the very same thing again. Is there any distinction be- 10
tween the first and the last ? —A. Not necessarily. There may or there
may not be. That is a matter of choice of construction. The same sort
of action goes on. _ ‘
Q. That is in 1, 2 and 3?7 —A. Yes. The point is that the relay is
interposed and new signal oscillations are initiated.
Q. By process of filtering ? —A. No, those two are distinct. That is
the point I was trying to make clear.
Q. The purification is going on? —A. Yes, each time the new signal
is produced.
Q. I am using the words selection and purification as analogous terms. 20
—A. Yes, quite so; each time there is a selection there is a repetition.
Q. In using the word signal do you distinguish ? Is it being changed
into what you call a signal 7—A. No, I use those terms synonymously.

MRr. Symart: That is when you get to the detector stage ? —A. Yes,
but not before.

Q. In each of those stages of purification or filtration is energy added
under the Alexanderson arrangement ? —A. Yes. None of the old energy
is taken on but new energy is drawn from the local battery of the tube.

Q. That is the b battery ? —A. Yes.

Q. Perhaps the point is not clear, but I might suggest that in ¢ach 30
circuit the repetition is through a new source of energy, so that a new signal
which corresponds with the old is initiated at each stage. Now did you
wish to say something further ?

His Lorpsuip: Do the batteries differ in strength ? —A. The battery
is selected with reference to a variety of things. They may differ in strength.
The battery is selected for its amplitude to suit the qualities of the par-
ticular tube that is being used. It is selected in accordance with the amount
of amplification that may be desired, and it is also selected with reference
to making the repeated signal to accurately correspond to the selected
signal applied to the grid of that tube. 40
Q. But normally they are the same ? —A. Yes.

Mgr. SmarT : That b battery, or battery which initiates the new oscilla-
tion, is of substantially higher voltage than the battery which heats the
filament ? —A. Yes. In such a tube as produced, the partly dismembered
tube 201-a, it is quite customary to use from 67 to 90 volts on the plate
circuit ; that is corresponding to the batteries 11 and 17 of the Alexandgr- '
son patent, while the battery which lights the filament is ordinarily six-
volt battery and the voltage actually applied to the filament is five volts.
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‘H1s LorpsHiP: As to the word cascade, what does that refer to 2 — _Inthe
A. The word cascade refers to such a seriatim connection of devices that %ﬁi’iﬁ“ﬁ,‘ﬁ'
the output of one connects to the input of the next and the output of that Canada.
one to the input of the succeeding one. It is arranged seriatim. There puaintits

is a little distinction made between cascade and series, but cascade means Evidence.

connection successively or seriatim. No. 7.
MR. SMART: Acting like a cascade waterfall? —A. In a certain way Jyormmen.
—passing on something to the next. Examination
—continued.

Q. I was going to ask you to give us some explanatlon of the kind

10 of incandescent lamp or vacuum tube described in the Alexanderson patent,

if you have finished your previous explanation of the Alexanderson circuit.
—A. I have just one further matter to add.

Q. Perhaps you will finish what you had to say on that, and then I
will ask you as to the tube ? —A. Another way of emphasmng the dis-
tinction which I was just dwelling upon between initiating a new signal
and passing on the old or original signal is that the amount of signal so
repeated is more or less under control. It may be repeated at the same
strength as when received. It may be repeated in amplified form, and that,
as has been pointed out, will be governed by the adjustment of the various

20 batteries. There is a further point involved, namely, that if we were to
attempt to pass a signal initially received, and successively purify or filter
that signal, we would find ourselves confronted with two very unfortunate
alternatives ; either we must make the repeated signal progressively very -
much weaker or we will not purify it, but will introduce a fresh set of dis-
tortions which it never had orlgmally, and I observe that that distinction
has been already referred to in the opening address to your lordship by the
‘expression “ one-way coupling.”

Q. You mean that connection in the Alexanderson method ? —A. Yes,
the connection in the Alexanderson device differs from the direct association

30 of two tuned circuits in that it is essentially a device in which the first
circuit selection is passed on to the second, the second is passed on to the
third, but the second does not pass forward anything to the first nor the
third to the second, which would disturb that selection. That is what I
mean by one-way coupllng It is the sense in which I understand the
term has been used by Counsel in his opening address.

Q. Now perhaps you will deal with the kind of electron discharge
tube and relay referred to in the Alexanderson patent, Exhibit 1, and give
us some explanation of how it operates ? —A. The specification at page 1,
line 47, refers to the relay preferably used. It is very brief and I will read

.40 1t :

“ The relay preferably used for this purpose is an electron discharge
tube having an incandescent cathode, an anode and a grid.”

His Lorpsuip: Is it claimed that Alexanderson invented this ?
Mg. SmarT: Not the tube.

Mz. HENDERsON : I think he makes it clear as he goes along that he
leaves that to Langmuir. This is simply a tube, and in addition to that
you will see that he says it is preferable. You will find the claim reads
‘that it is preferable.

a F. 2



28

Eﬁﬁ:’;g His Lorpsuip: It was my impression he was not making a claim.
gourtdof MRg. SmarT : My learned friend is just at the point—perhaps he might
anada.

deal with that—as to what kind of relay his patent would disclose. —A.
Plainti's ~ First, if I may call your lordship’s attention to the fact that the figures
Bvidence.  of the patent show two different kinds of relay. Take sheet 1 of the drawing

No. 7. for example and your lordship will notice that in figures 1 and 2 each onc
Trank N.  of the tubes shown comprises such a structure as is definitely recited in the
Examination passage which I have just quoted. There is an incandescent cathode ¢
—continued.  that is a cathode ¢ which has a filament like that of an incandescent lamp,
and which would be rendered incandescent when the battery b is properly 10
connected to it. That tube has an anode marked a which is shown as a
plate and which may be a plate. Its precise form is not of great consequence,
and third it has a grid which is marked g, the same sort of structure is shown
in figure 2. If your lordship will lock at figure 3 you will see quite a
different structure is shown. There you see the same evacuated bulb R
and there is a filament or cathode element ¢. There is not merely an anode
but there are two anodes, a and A41.

His LorpsuHip: Q. There are grids around the filament ? —A. No,
they are quite separate, connected differently. There are two grids, g
small and g small prime, and there is a third shielding element similarly 2¢
surrounding the filament which perhaps your Lordship refers to. That
is a distinct element not comprised in this description beginning at line
47 of page 1, and which is merely described in the first portion of the second
column of page 8 of the United States patent and referred to as:

“ An additional grid 42 is used in this case, connected to the

positive terminal of a source of electromotive force, such as a battery 43,

the negative terminal of which is connected to the cathode c.

This grid element, it will be noted, is not connected to the receiving
circuit at all. Furthermore there are two of what I may call normal grids,

g and g’. There are two anodes, and the circuit connections are quite 30
different. As I understand it the specifications express a preference for
the form shown for Fig. 1 and Fig. 2. Of course, I have no knowledge
of why this preference is expressed. I have tested the structure shown
in Fig. 3. It performs extremely well, and I have no knowledge of the
reason for the inventor’s preference there. I think 1 had probably better
call your Lordship’s attention to the fact that the so-called grid audion
or grid bulb is one of what I may call a family of bulbs. There were, for
example, bulbs or audions, electric discharge devices in which, instead of
having a grid element there were two plate elements, and one was used
more or less to perform the functions of the grid, but it is not necessary 40
really to have them in mind because the patentee describes two forms,
and I assume he is choosing between them in his expression of preference.
On page 1, line 75, referring to a tube produced by Irving Langmuir, he

says :

“This particular type of device operates with a substantially
pure electron discharge, and comprises usually an incandescent cathode,
and an unheated gas-free anode in a very highly evacuated space —— ”

I pause there for a moment to direct your Lordshlp s attention to the fact
that he uses the expression ‘‘ comprises usually.”
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His Lorpsurp: Is Doctor Langmuir connected with the General
Electric Company ? —A. Doctor Langmuir is connected with the General
Electric Company. Mr. Alexanderson is in the Engineering Department
-and Doctor Langmuir in the Research Department.

Mgr. SmarT: Mr. Alexanderson has some standing I think in the
scientific world to-day ? —A. Mr. Alexanderson, if one were to grade the
men, stands very high in the engineering world in regard to this art. He
has probably contributed more individual useful inventions to this art
than any other man in it. At the time of this application he was a high

10 frequency specialist, and known the world over for the remarkable develop-
ment of the high frequency alternator. Practically all of present-day
trans-oceanic telegraphy is done by inventions of Mr. Alexanderson.

Q. Will you go on with that?

His Lorpsuir: What is the name of the professor associated with
Marconi? I think he is connected with the Columbia University ?

MRr. SmarT: Doctor Pupin. Is that the name?

His Lorpsuip: Yes.

Mr. HENDERsON : He is probably at the top, or near the top, of his
profession on this continent. _

20 His Lorpsuir: The foreword in his book refers to Doctor Alexander-
son.

THe WiTnEss: I would like to say one word. I do not think Doctor
Pupin is a radio engineer at all. He is a mathematician. His work is
of great value and his work is of great value in long distance wire tele-

* phony. The advance in trans-continental telephony is largely due to
Doctor Pupin in this sense, that the mathematical theory developed the
possibility of doing such a thing was due to Doctor Pupin. Then the
engineers developed the instrumentality.

The passage which I was quoting continues, line 80:

30 “ The vacuum being so high that gas ionization by collision is

substantially absent.” .

The reference there is to the very high order of evacuation of the air
which Doctor Langmuir produced, and whose advantages he discovered,
which are nowadays used in most of these tubes, and are used for example
in 201-a tube. The electrons which are emitted by the heated filament
under the influence of the b battery acquire very high velocity, perhaps
even as high as a respectable fraction of the velocity of light, and if they
strike air molecules or atoms on the journey from the filament to the plate,
they are apt to disrupt them, producing therefore positive as well as nega-

40 tive charges by splitting up the atom. KEach atom being split into a nega-
tive and a positive charge known as an ion and since the positive charges
move more slowly than the negative ones, they have a predominant effect,
which makes the operation of the tube less regular and less reliable, and
in the passage which I have quoted Doctor Alexanderson expresses his
preference as I understand it for the tube having the higher degree of
exhaustion, so that gas ionization by collision —namely, by the collision of
electrons with gas atoms—is substantially absent, These tubes there-
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Ei'c‘hi’;‘; ., fore comprise the three elements recited in the highly evacuated Alexander-
Court of son bulb, and the qualities and the precise kind of performance that the
Canada.  tube will give depend upon the sort of filament ; for example, that.is the

Plaintif's ~ freedom with which it emits electrons and the number emitted at a given

Evidence.  temperature. It depends upon the dimensions of the plate or anode element.
No. 7. It depends upon the construction of the grid element, how large the wires

yrank . are, how close together they are, how many there are and how near they

Examination are to the plates. That in general is the device. I understand the patentee

—continued.  pefers to his perfected form of crelay.

His Lorpsurr: Q. You say the negative electrons move more rapidly 10
than the positive electrons ? —A. Yes.

Q. Is that an accepted fact ? —A. Yes.

Q. And can vou give a reason for that ? —A. It is quite impossible to
give a reason. It is an accepted fact.

Mz. Smart: I think the negative move the faster.

Tue Wrrness: I do not know which way your lordship put it but
the negative move the faster.

His Lorpsurr: I thought you stated it the other way.

Tue WirNess: The negatives move the faster. The negatives are
very light. An electron—that is a negative charge —has the weight of 20
about one-eighteenth hundredth part of the weight of an atom of hydrogen
which is the lightest atom.

The air atom—it might be an atom of any one of the constituents
of the air, of course, but taking it to be an atom of oxygen whose atomic
weight, if I remember rightly, is 16, therefore when an electron is knocked
off such an atom leaving the atom with a positive charge, evidently its
weight would be sixteen times eighteen hundred times as great as that of
the negative charge, the electron. Therefore it is evident that the same
force would in the small distance between the filament and the plate not
get up anything like so high a velocity in the enormously more massive ion. 3

His Lorpsurp: So that it is weight then that determines ? —A. Yes,

sir. :
Q. Not the electrical content? —A. No. The positive charge pro-
duced by such simple disassociation as I have spoken of would be equal
but opposite to the negative charge spit off from it ; but since the tendency
to move in the same given electrostatic field would be only proportional
to those charges, and therefore would be alike in the two, it is evident that
the acceleration produced in the heavier element would be very much
less than in the lighter one.

MR. SMART: Perhaps you will explain shortly the action of a three 40
electrode tube as a one way repeater, but in the way it is used in the Alexan-
derson patent, Exhibit No. 1?—A. These tubes may function in many
ways. The Alexanderson specification refers to the functioning of the tube
as a repeater to, as he says, initiate a new signal. The fundamental action
of the tube is the emission of negative electricity by the filament, and the
flow of that negative electricity to the plate A, the force causing it to flow
and the energy involved being furnished by the battery 11. Now, the-
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grid element g interposed between those two is given an initial polariza-  Inifhe
tion by a battery 9 which is connected in the wire 5 leading to the grid. court of
By properly proportioning the batteries b 9 and 11, the operation of the Caneda.
tube is controlled. When an electromotive force from, say, the tuned plaintifis
circuit associated with the antenna is impressed upon the grid, the electro- Evidence.
static field or the electrical effect produced by the battery 11 between the xo. 7.
plate or anode a and the cathode ¢ is modified, and the relation is such f‘;a?k N

—I think we will have to take it as a physical fact without undertaking Examination

to explain the theory —that the modification of the electrostatic field be- —continued.
10tween a and ¢ by an electrical potential applied to g will with a proper

adjustment be such that the variations in the strength of that current

caused by the battery 11 will correspond to the variations in potential

impressed upon the grid g. _

We might, for the purpose of the rough analogy, look upon the battery

11 as a pump, and the bulb I as a valve, and the wires connecting the anode

a and the cathode c as pipes, and the grid element as a shut-off gate normally

selzt so that a certain flow of water, due to the pump 11, is continually taking

place.

Now if we look upon the signal as something capable of moving the

20 gate or valve, element g, up and down, the current of water flowing in

response to the efforts of the pump through the valve element would vary.

Yet the energy involved in that stream of water would be wholly derived

from the pump 11. That is very crude.

His LorpsHip: That does not differ from 9 and b, in any way, does
it 2 —A. Only that it may have a greater voltage.
* Q. Has it in practice a greater voltage ? —A. Yes, in practice battery
11 has a much higher voltage than either of the other two.

MRr. SMART : Q. You might mention the order ? —A. It depends upon

the tube somewhat. Taking 201-a for example, if the battery 11 has a .
30 voltage of 90 volts, then a tube used in the capacity of the tubes I and II,
in figures 1 and 2 of the Alexanderson patent, battery 9 would have a voltage
not to exceed about 4} volts, whereas the voltage of the battery b is deter-
mined by the size of the filament and is merely a matter of how much
current is required to heat that filament up to a favourable degree of elec-
tron emission; and the actual voltage used on such a tube is nominally
five volts, but may be anywhere from four to a little over five in practice.
Referring to the mode of operation of the tube, I think the analogy
which I have just used is sufficient to give a fair picture of what happens ;
but of course the electrons which are being dealt with there are substan-
40 tially imponderable. In water you have a good deal of mass, and there-
fore water could not respond in any way to such very high frequencies,
and therefore we must not be misled by such an analogy. An analogy
is a very dangerous thing if pushed beyond its proper application; and
therefore I do not desire for a moment to be understood as saying that
the pump and water flow analogy, which I just gave, has any application
to radio frequencies. But it does give a picture of the sort of action that
is involved. And when the batteries are properly proportioned, a very
true repetition of the signal may be obtained in the output circuit, that
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Eﬁhi’qlfwr is the B-battery circuit. I may say that in our common terminology,
Court of 1IN using these tubes, we refer to that circuit which is connected between
Canada.  the grid and the filament as the input circuit, while that circuit which is

Plaintit's ~ connected between the plate and the filament we commonly refer to

Evidence. a5 the output circuit; the input being that which controls but does not

No. 7. contribute to the output.

Frank N. . .
Waterman. Mgr. S»arr: Before putting the next question to Mr. Waterman,
Examination ] wish to file the consent dealing with question of infringement and other

—continued, things. _
EXHIBIT NO. 4.—Filed by Mr. Smart, Jan. 11th, 1927. Consent re 10
question of infringement and other things.

Mr. HExpErsoN: Do you want to read from it?
Mr. SmarT: Yes.
His Lowrpsuip: Why do you want to put it in here ?

Mr. Smart: I am now relying on a paragraph in it dealing with the
question of what the defendant did. I will read the paragraph in question.
It is a consent applied generally to each of the cases.

“ After the date of issue of each of the patents in suit and before the

institution of any actions the defendant manufactured and sold in

Canada radio receiving sets employing the circuit arrangement shown 20

on page 13 of and described in a certain booklet entitled ‘ How to

Build Hazeltine’s Neutrodyne Circuit Receivers,” such booklet having

been delivered to the solicitors for the plaintiff by the solicitors for

the defendant on or about the 30th of November, 1925, and identified
for the purposes hereof by the admission of said solicitors.”
And I have the copy of the booklet which I offer as exhibit No. 5.

EXHIBIT NO. 5:—Filed by Mr. Smart, Jan. 11th, 1927. Booklet entitled
How to Build Hazeltine’s Neutrodyne Circuit Receivers.

Then the next paragraph of the consent deals with the radio receiving
set which was submitted to Mr. Waterman in New York for examination, 39
and which is in court to-day ; and I will ask my learned friend to be good
enough to produce it. .

Mr. HExDERsoN : It is on the window-sill. I was going to suggest,
as it is rather clumsy for Mr. Waterman to have the papers on his knee,
that it would be well to have a table put there for him. Then exhibit
No. 6 will be the radio receiving set.

EXHIBIT NO. 6:—Filed by Mr. Smart, Jan, 11, 1927. Radio receiving

set.

Mr. SmarT: I want to show your Lordship some of the inside of this
set before the witness talks about it. (Indicates parts in the set to his 49
Lordship.) I will leave the model before your Lordship, as Mr. Waterman
has a diagram.

Q. Mr. Waterman, have you examined the defendant’s set, exhibit
6, as well as the diagrams and descriptions contained in exhibit 5 ?—A.
I have. ’
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Q. Will you explain to his lordship the construction and operation Eﬁ?h:}éi o

of the defendant’s set ?—A. The set which has been marked exhibit 6 is court of
substantially that which is diagrammed in exhibit 5 on page 12 thereof, Canada.

and of which I have an enlargement more easily read. Plaintifi’s
Mr. HeENDERsoN : I think you mean page 18, Mr. Waterman.—A, Fvidence.

Page 12 in this book which was furnished to me. No. 7.
M. SmarT: This is an enlargement of page 18 of the booklet, ex- tgerk N

hibit 5. Examination

~—continued,

WitNEss : Then change 12 to 18.

10 Mr. SmarT: The enlargement of page 13 of exhibit No. 5 will be
exhibit No. 7. :

EXHIBIT NO. 7:—Filed by Mr. Smart, Jan. 11, 1927. Enlargement of
page 13 of booklet, exhibit No. 5.

Mr. HENDERSON : Apparently there are some differences in these,
Mr. Smart. Your photostat is taken from thé one which Dr. Morse had.

Mr. Smart: That is the one with respect of which he is giving his
evidence, so that it is all clear. The witness is making a little change in
the drawing, which will be put in the copies.

Q. Can you produce a simplified diagram of the defendant’s circuit,

20 omitting the audio amplifiers and using the same electrical symbols as
used in the Alexanderson patent, exhibit No. 1 ?—A. Yes, I have such
a diagram marked ‘‘ Diagram of Defendant’s Circuit omitting audio ampli-
fiers.”

EXHIBIT NO. 8:—Filed by Mr. Smart, Jan. 11, 1927. Diagram of De-
fendant’s Circuit, omitting audio amplifiers.

Q. Will you proceed with your description of that portion of the de-
fendant’s structure related to what is described in the Alexanderson patent ?
—A. I should state that exhibit No. 8 omits the actual convention for the
batteries and the complication of wires which is found in the diagram

30 exhibit No. 7. Otherwise it shows substantially what is on that diagram.
Viewed or read from left to right, the elements correspond to those located '
from left to right in the set, exhibit No. 6. At the extreme left in the set
will be seen some green wire coils wound on black tube supports and inclined
at an angle. Those coils comprise the primary and secondary coils.

His Lorpsuip: This structure comprises both ? —A. Yes, one within
the other.

His LorpsHip : In that respect it is a little different from the drawings
we have seen. ' . '

Mr. SmarT: The drawings would diagrammatically indicate the one

40 coil within the other. C

WitnEss : It is very confusing if we try to draw one over or inside
the other. It is usually shown in this conventional form which is used.
1t is an induction transformer the transformer at the extreme left in exhibit
8 therefore corresponds to that green wire coil on black spools, shown at
the left of exhibit 6. I have indicated in exhibit 8 by dotted lines the

a F
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Ei':hihzer antenna that would be connected to the antenna terminal; and a similar
Cout oy dotted line indicates the ground connection, connected to the ground ter-
Canada. minal of the set.
Plaintiff's The primary coil in the set has two terminals, which I have indicated
Evidence. by circles, and those two terminals are, if my memory serves me correctly,
No. 7. marked “Ant” and “Gnd”; and in exhibit 7 they are in the extreme
Frank N.  lower left-hand corner. The secondary of the transformer is connected
Waterman.  tq g condenser, indicated in exhibit 8 by inter-leaved lines, corresponding
—continued. 10 condenser 8 in figure 1 of the Alexanderson patent.

That condenser is connected to the left hand dial on the front panel lv
of the set, Exhibit 6 ; and the capacity variation indicated by the arrow
across the condenser 8 in the Alexanderson patent is obtained by turning
the handle —your Lordship will observe that turning the dial at the extreme
left causes moveable plates to enter more or less between the fixed plates
—that circuit constituted by the secondary of the transformer and the
condenser is a resonant or tuned circuit which takes the signal received
by the antenna; everything which comes into the antenna is transferred
over into this tuned circuit with greater or less purification, and the circuit
selects those that it will cumulatively build up. It cumulatively builds
up those waves which come in tune with it ; that is, whose number of waves 20
per second corresponds to the number of oscillations per second which
the circuit adjustment, would cause it to naturally have. The grid element
of the first tube, the socket of which your lordship will see at the left on
the back side of the panel. '

Mg. SmarT : The tube is in that ?—A. The grid of that tube is con-
nected to one side of this tuned circuit as in the Alexanderson patent.
Perhaps it would be well, Mr. Smart, if I put the letters of the patent
on here as I go along? )

Q. Yes, I think as you go along. I have a crayon here if it will suit
you better.—A. The filament being lighted by what we customarily call 30
the “ A" battery —terminals for which are provided and shown on Ex-
hibit 7 at the bottom of the sheet marked ““6V.” And underneath it
*“ A battery and with the symbols plus and minus, is in the Alexanderson
patent indicated by the letter “b,” and I have put the letter *‘ b’ under-
neath the letter “ A on Exhibit 8.

Between the anode “ a” and the cathode ““ ¢ there is connected a
battery ordinarily known as the “ B > battery, which in the Alexanderson
patent is designated by the numeral *“ 11 ” and I have accordingly put the
number 11 adjacent to the letter “ B.” These terminals are seen in the
lower line and are marked “ B ” battery. The effect of so embracing the 44
signal received in the tuned secondary circuit of the input transformer
is to cause the current furnished by the B battery 11 through between
the anode and the cathode, to vary in accordance with the electromotive
forces developed in the tuned or resonant input circuit 8. Thereby the
signal is repeated through the coil 12 which is the primary coil of the second
transformer. ,

Mr. SMART: That being in the model ? —A. Being in the model the
inner member of the second set of green coils, the second from the left,
which are wound on black spools.
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Associated with the primary 12, is the secondary, this transformer In the
being in all respects similar to the first one, so far as I remember, and being %ﬁ;’;ﬁ%‘;’
similarly tuned with the condenser 15, as in the figures of the Alexander- Canada.
son patent. This condenser 15 is that controlled by the second dial from pjaintiss
the left as one faces the set, Exhibit 6. The thus repeated signal initiated Evidence.
by the first tube is selected by the second tuned circuit, comprising the xo. 7.
secondary of the transformer and the condenser 15. That is it is filtered Frank N.
and the second selection is thus made, in which elimination to a greater pesoimor:.
extent than had been effected in the first circuit, in geometrical progression, —continued.

. 10is effected. And the electromotive force so generated is impressed upon
the grid of the second bulb to which the numerals II are applied. This
bulb is like the other in having cathode ‘ ¢,” anode ““a” and grid “g”
and operates in the same way to repeat and initiate a new signal by means
of a battery *“ B ” corresponding to the battery 17 in the Alexanderson

atent.
P In this plate circuit of the second tube a new signal is initiated and
passed on to the secondary of the third transformer, which is number 8
from the left as your lordship faces the set, and that secondary is in identical
manner —

20 His LorpsHIp: Passed on by induction ? —A. By induction as in
each case, and in identical manner that secondary is tuned to resonance
with the desired signal by the manipulation of the condenser 19, and from
this newly initiated signal a circuit 19 again makes a selection and thus
again geometrically altering the ratio between the desired and the undesired
components of the antenna reception.

Thus, as the patent states, while the circuits are increased arithmeti-
cally, in 1, 2, 3 order, the selectivity increases geometrically, taking the
illustration which is set forth at great length or at considerable length, —
I have not called your lordship’s attention to it, but it is found beginning

30 at line 86 on page 2 and extends well, it may be substantially completed
at line 117 of page 2. That describes what is meant by ‘ geometrical
progression.” If, for example, the first circuit permits the development
of currents due to the desired and the undesired signal, only in the ratio
of 10 to 1, then the second circuit will permit their development .in sub-

" stantially the ratio of 100 to 1, and the third circuit will permit their develop-
ment in substantially the ratio of 1000 to 1. Of course these are figures
chosen merely for illustration. If the first circuit determined a ratio of
100 to 1, and the second determined a ratio of 100 to 1, then the result
of the first two steps would be 10,000 to 1. Or if the first circuit deter-

40 mined the ratio, let us say of 20 to 1, and the second a ratio of 50 to 1, then
the combined effect would be in a ratio of 1000 to 1. That is in general
what geometrical progression means here. It means that we come out
with a product rather than a sum in the matter of the selectivity ratios.

Mzr. SmarT: Then what would you say is the method of selection
used in the defendant’s receiver ?—A. It is successive selection by repe-
tition, the selectivity progressing geometrically; while the number of
circuits and the selection of each circuit progresses arithmetically.

Q. Now perhaps you will make some comparison of the means which
are disclosed in the Alexanderson patent for effecting that selectivity with

a F 2
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gnthe  the means which you find used in the defendant’s structure ?—A. The
zchequer . . . .
Court of Means are identical. We have, as it so happens, a succession of three
Canada.  transformers with their secondaries tuned by condensers, the first one
Plaintifi's ~ loosely associated with an antenna; the first and second being connected
Evidence.  gnly through a one way coupling, which one-way coupling is an audion
No. 7.  or three element electron discharge such as the patent refers to; the second
prank N, and third are similarly tuned or resonant circuits such as the patent dis-
Examination Closes, and they are connected by a one-way coupling relay, which is the
—continued. same sort of three element tube; and the output of that tube is again
selected in a third resonant circuit as shown in figures 1 and 2, for example, 10
of the Alexanderson patent. And its final output of this third circuit
is taken to a third tube, which tube is arranged to act as a detector in sub-
stantially the manner shown in figure 2 of the Alexanderson patent; and
the final output which is only indicated in this diagram, but which is fully
shown in Exhibit 7, is passed through audio frequency transformers, where
all of the frequencies so detected are supposed to be uniformly amplified
to produce a faithful reproduction of the original message impressed upon

the radio frequency wave at the transmitting station.

Q. Now I observe in the diagram something that you have not yet
referred to, and that is these condensers on the upper part which are con- 20
nected to the succeeding transformers ? —A. Yes, I was about to call at-
tention, and I will if I may, to certain differences that exist as for example
the battery “ g’ is not found in this diagram. These tubes are so con-
structed that they may be used by impressing the grid with the voltage
of the negative terminal of the A battery ; and although they may perform
somewhat better if given a slightly more negative voltage than that, they
perform very well, and are intended to perform well when so connected.

The Exhibit set contains condensers which on Exhibit 7 are marked
“‘ neutrodons,” in parenthesis, and also * Neutralizing capacities.” Those
are shown as small condensers just above the grid of each tube. These 30
tubes 201A tubes, are quite powerful amplifiers. That is to say they may
be used. to give quite powerful amplification, and if that amplification
is taken full advantage of in the circuit arrangement of these tubes, they
are likely to amplify to such an extent as to set up automatic oscillation,
as we call it, of the tube itself. In order to prevent that oscillation, these
condensers are connected from what we call a * See-saw 7 arrangement,
in the output side of the tube, back to the grid element 5, so as to prevent
such oscillation. It is a means, in other words, which permits a tube of
powerful amplifying properties to be employed in obtaining this geometrical
progression, so that not only is the selectivity obtained but the amplification 49
is the greatest that the tubes are capable of giving in such a circuit.

Mg. HenDERsON : That is the subject matter of the other patent ?
—A. Yes.

Mg. SMART: No, not of the other Hazeltine patent.

Mr. HENDERSON : Mr. Waterman agrees with me.

THE WiITNESs : The subject matter of these other patents that are
involved in these various cases, namely the Hartley & Rice.
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Mr. HENDERsSON : The subject matters of the other three patents ? E-;’;h‘e’;w

Mgr. SmarT: No, I entirely disagree. Court of
His LorpsHip: What are the remaining three tubes in the model ? =~ —
—A. The three tubes counting from the left ? May I take a look ? The frpare
remaining tubes which are at the extreme right as one faces this set are
the audio frequency amplifier tubes. Frogoe 1
Q. They have nothing to do with the selectivity ? —A. Nothing what- Waterman.

ever to do with the selectivity. i

MR. SMART: I can have them described if your lordship wishes, but
12 I think it is simpler to leave it as being the audio end of the receiver, with
which we are not presently concerned.

His Lorpsurp : Just what is the function of the 'amplifying tube if
that is what you call it? These three last tubes.

Mr. Smart: The audio frequency tubes.—A. May I perhaps define
the tubes seriatim beginning at the left. The first tube beginning at the
left is a repeater tube ; the second is a repeater tube ; the third is a detector
tube, which so to speak de-modulates. I explained to your lordship that
at the transmitting station the thing first generated is simply a high fre-
quency continuous wave, or sustained oscillation. Upon that is impressed

20 by way of modulation, a message. When the signal so sent has been re-
ceived and properly filtered in the receiving set by the action of the first
three circuits, into. which the so selected signal is repeated, then it becomes
necessary in order that we may get the original message, to take out the
radio frequency. The radio waves merely carry it. We do not want those.
They are of no use. K

Q. You eliminate what you call the carrier wave ?—A. Yes, we
eliminate the carrier wave.

Q. You leave that out altogether ?—A. Yes. That is done by the
detector. Therefore the function of the detector is to transform back from
30 that high frequency to the low frequency that the original voice, telegraph
key or what not, had at the transmitting station. Now the fourth tube
in the Exhibit 6 takes that audio frequency out-put. It is now like any
telephone message; and amplifies it just as do the similar tubes in our
present day long distance telephony tube. If your Lordship telephones
to San Francisco or Vancouver, or some western point, the present day
method is to repeat the signal at one or more points. Radio does not
enter. There is-no radio frequency. This combination of the last two
tubes in this receiver Exhibit 6, is merely such an ordinary telephonic
repeater. They are put in there in order that the signals may be ampli-
40 fied to a suitable volume, for example to be useful in operating a loud speaker.
. So in. making Exhibit 8, I omitted those tubes which do not correspond
to anything shown in the Alexanderson patent.

His Lorpsuip: We will adjourn now until half past two. Hereafter
we will resume in the mornings at 11 o’clock, and in the afternoons at a
quarter past two and adjourn at a quarter past four.

Mr. SmarT: '‘Q. Has the Alexanderson system of electric tumng as
described in Exhibit 1 been used in commercial radio receiving sets ? —
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A. Yes, very extensively. I would say I am familiar with a large number:
on the market at the present time, and I would say that it was substantially
the universal method of reception to-day.

Mr. HenbERsoN : I have, my lord, a photostat enlargement of Fig.
1 of the Alexanderson patent. It is sometimes more convenient to follow
than the patent itself.

EXHIBIT No. 9:—Filed by Mr. Smart, Jan. 11, 1927. Photostat en-
largement of Fig. 1 of Alexanderson patent.

It is an enlargement of the drawing. Then I have a photostatic en-
largement of Fig. 2 of the patent which will be easier to follow than the 10
larger diagram :

EXHIBIT No. 10:—Filed by Mr. Smart, Jan. 11, 1027. Photostat en-
largement of Fig. 2 of Alexanderson patent.

CROSS-EXAMINED BY MR. HENDERSON :

Q. You gave your place of residence as Summit, New Jersey ?—A.
Yes.

Q. Am I right in understanding that that is practically a purely resi-
dential place ?—A. Yes, the usual character of suburban town.

Q. Mostly inhabited by people who have business in New York ?—
A. I do not know what the proportion is. " 200

Q. But there are no electrical works of any kind there ?—A. No,
except the local electric light plant.

Q. No radio broadcasting ? —A. Not immediately in Summit. There
is some very close to it. ’

Q. You are not connected with anything electrical there ?—A. I am
not connected with any electrical activity in Summit.

Q. I gather that for some years your time has been fully occupied
in giving expert or opinion evidence in different litigation ?—A. Yes and
no; only a very small part of my time has been employed in the giving
of evidence. 30

Q. In the preparation ? —A. But my time has been quite largely en-
gaged in matters of one kind and another growing out of patents.

Q. And of course these cases *quest require considerable preparation ?
—A. Some of them. ‘

Q. Conferences with uninformed lawyers very often ?—A. Yes.

Q. And conferences with other expert witnesses ?—A. Sometimes.

Q. It is not very desirable as a rule that you should agree ? —A. I
accept your statement.

Q. I notice, for instance, you gave evidence in the month of Sep-
tember, 1915, in the case of the Marconi Company vs. Kilburn and Clark. 40-
You recollect that case? —A. I remember the case but I could not tell
you the date.

Q. I see that in that case you stated that during the past eighteen
years you have very often testified as a witness in litigation involving in-
fringement of letters patent for invention, and baye been called upon to
compare the device and electrical apparatus with patents, and to pass.
upon the commercial value of the same? —A. Yes.
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Q. I want to identify a few cases so that we will not have to go into _In the
-detail when we come to them. You also mentioned the case of the Marconi %’f,f,’ﬁq’,ff"
Wireless vs. National Signalling Company ? —A. I recollect there was Canada.
such a case. Plaintifi's - -

Q. What was then the Marconi Wireless Company is now included Evidence. -
in what we know as the Radio Corporation of America, is it not? —A  yo. 7.
I am not informed as to that. Frank N. .

Q. That was a suit on the Marconi patent No. 763,772 ? —A. Which yaterman.

one are you speaking of? , examination
e« 10 Q. Marcom No. 768,772. 1 think you are familiar with it.—A. I ~—continued.
think so. If I have the right patent in mind it was one of several patents
that were involved in the litigation Marconi vs. National.
"Q. You mentioned also—I take it only because it is in the same quo-
tation —a case brought by the Marconi Company against DeForest  in the
United States district court for the southern district of New York ? —
A. I remember there was such a case.
Q. And you were in it?—A. I am not certain whether I testified in

it. .
Q. You say you were retained and made affidavits in it.—A. I think
'20 that is the fact. I had no part except making the affidavits.

Q. I think your evidence was an affidavit in that case? —A. I don’t
remember.

Q. Not very long ago there was an action brought by the Radio Cor-
poration and others against Grebe ? —A. Yes, that was one of the de-
fendants.

Q. There were several defendants. You were in that case for the
"Marconi Company; that is the Radio Corporation? —A. I was in one
such case.

Q. When was that 2 —A. It was tried week before last or thereabouts.

30 Q. And it is a fact is it not, probably a tribute to your ability in this
regard, that for quite a number of years past your time has been very
fully occupied with that class of work ? —A. Would you mind defining
what you mean by “ that class”?

Q. I have to use an expression I think you will understand which
I myself do not like—experting cases. You understand what I mean
by that ? —A. Yes, I have been engaged in a number of such cases.

Q. And I think I may pay you the compliment of saying that you
are uniformly the leading expert on your side. I intend that to be com-
plimentary. —A. I do not know what you mean by that.

40 Q. You are in the van here. I do not see that the witness blushes
and I think he understands what I mean.—A. No, I do not.

Q. May I say generalissimo of the forces? There are generally some
generalissimos in the more important cases, are there not ? —A. I do not
think I know what you mean. There are, of course, more or less profes-
sional men connected with cases, lawyers and technical men.

Q. And in these cases there is generally some one expert who takes
‘the lead ? —A. Only in the sense that there is some one expert who usually

gives )Fhe evidence. . ', ‘
Tl P ' - s ¥ i
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Q. Who is looked upon to assume the burden of the fray ? —A. So
far as the giving of evidence is concerned. A

Q. Let me illustrate. Take the year 1926. Would you be good
enough to tell me the different cases in which you gave evidence? I do
not mean exclusively patent cases. By the way did you give evidence
in any other case?—A. No.

Q. Purely patent cases? —A. Yes.

His Lorpsuip: Are you xestricting it to radio?
Mr. HENDERsSON : No, I would like a year’s experience.—A. I could

not tell you Mr. Henderson, without looking the matter up. 10:

Q. I do not want them in absolute chronological order. You were
in several cases in 1926, were you not ? —A. I really could not give you
the list. .

Q. I do not want an absolute list. —A. I think I can tell you the radio
cases ——

Q. I do not want to confine you to strict accuracy. Tell me the radio
cases to start with.—A. If I remember, I acted in three radio cases in
1926, the calendar year. '

Q. What were they ? —A. One was Radio vs. the Twentieth Century

and another was Radio vs. Splitdorf. 20

You mean the Radio Corporation of America ? —A. Yes.

I think you mentioned the Grebe case ? —A. Yes.

That is also the Radio Corporation ?—A. Yes.

What others ?—A. I cannot remember now the titles of the other

Po¥aYaya

cases.
There were others ?—A. Not radio cases.
. What other patent cases were you in ?—A. I am afraid I cannot
remember. I would be glad to tell you if I could.
Q. I would have thought you had a very accurate memory.—A. I

20

try to remember those things that are important for me to remember and 30

I rely on my memorandum for those things which it is not important that
I should bear in mind.
Q. You have given His Lordship a very splendid exposition on the

“outlines of radio depending very largely on memory, have you not ?—A.

Well, I have been in these matters for years.

Q. Can you not tell me some of the other cases you have been in ?
—A. No, but I can ascertain them for you and let you know before the
end of the trial. ,

Q. During the last year, subject to the usual days of relaxation which

any man needs, has your time all been fully occupied with the class of 40

work you are doing to-day ?—A. I should think about half of it.

Q. Are you limiting it now to radio when you say half of it ? —A.
No. -1 assume by the class of work I am doing to-day you mean either
the preparation for or the engagement in 'trial.

Q. Perhaps we might as well understand one another. I know that
you have a very analytical mind and very readily differentiate. I am
dealing broadly with the giving of evidence in patent cases including the
preparation for them in the broad sense; that is the time that you could
fairly say was devoted to your client’s interests ? —A. Yes, I think that.

R
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I could fairly say that all of my business time is devoted to my client’s
interests, but not by any means all of it has to do with either preparation
for or engagement in trial.

Q. You have said broadly that you were a consulting engineer ?—
—A. Yes.

Q. And I am talking now on that branch of the activity of Consulting
Engineer, which has to do with litigation, preparing for and taking part
in trials; what proportion of your time for the last twelve months would
you say was taken up in that way ?—A. I should think about one-half,

10 but 1 cannot be certain of that.

Q. Could you give me some idea of the number of cases other than
radio cases that you took part in during the past year ?—A. I think there
were two, but 1 am not sure.

Q. Concerning what ? —A. I do not distinguish them in point of time.
I will be very glad to find out for you but I simply do not know now.

Q. What kind of patents in a layman’s language, were these ? —A.
I do not know.

Q. I happen to know of one that came to my notice.

His LorpsHir: I do not object to your leading if that will help.

20 Mr. HENDERSON: There was a roof shingling case ? —A. Yes.

Q. You remember that case ?—A. Yes.

Q. I do not know whether there was an antennae on:the roof or not.
You were concerned with shingles not with the radio?—A. I was
concerned with the machine.

Q. And it was not on the roof ?—A. No.

Q. Can you locate what the other case was ?—A. No.

Q. You are, are you not, under a general retainer from the Radio
Corporation of America ?—A. I am not.

Q. Were you ?—A. I never have been.

30 Q. Are you in a position to take on other work, electrical work, par-
ticularly radio work, without some arrangement with the Radio Corporation
of America ?—A. Yes. Of course, where I have been in confidential
relation with any client I do not take a case which that client thinks would
involve possible violation of those confidences. ‘

Q. Like a lawyer in that regard ?—A. I should say like any gentleman.

Q. That is it is a matter of evidence with you ? —A. Purely.

Q. But you have been as a matter of fact in all the radio cases for
some time ?—A. I am not in a small part of them.

Q. Only in the more important ones ?—A. Oh, I do not think you

40 could say that at all. I certainly am not in that - position.

Q. I am talking of radio cases.—A. Oh no, I am not in more than a
small part of the cases of the Radio Corporation of America.

Q. But I am talking now of the cases involving the validity of their
.patents, and their effects on other patents. Do they not consult with
you and rely on you generally ?—A. Oh, no. I have no such relations
with them. -

Q. Do you hot consider you have a general retainer from them in
that regard.—A. Absolutely no. .

" Q. No written agreement ?—A. No agreement either written or verbal.
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Eﬁ’:hi’;fm Q. Coming to the Alexanderson case I see that you there spoke as
court of you spoke to-day, of having had a very extended acquaintance with the
Canada.  Alexanderson patent—what we call the Alexanderson patent. A. I

Pleintif's ~ d0 not recollect making any such statement. I perhaps do not under-

Evidence.  stand just what you mean.

No- 7. Q. You have told us that in the American Splitdorf suit you acted
wonk M. for the Plaintiff ?—A. Yes, I did.
Cross.  tion Q. And that was an action on the Alexanderson patent against the

—continued. Splitdorf Company ? —A. Yes.
His Lorpsuir: It is the same suit. : 10

Mgr. HENDERSON : It is the same suit, but there was this distinction ;
Mr Waterman, since you know about the suit, that in that case the Split-
dorf Company did not pretend to be operating under the Hazeltine patent ?
—A. So far as I know they did not.

His Lorpsuaip: All I meant was that the Alexanderson patent was
involved. .

Mr. HExDERSON : The Alexanderson patent was involved, but the
record as it developed was in an entirely different position. The Defendant
in that case was not in a position to allege any other rights and was between
the devil and the deep sea as it were. That will appear perhaps later. 20
In that case you did speak of your familiarity with the Alexanderson patent,
the Alexanderson arrangement ? —A. Yes, I testified that I had read the
patent and understood it, most certamly

Q. And more than that was it not, that you had worked it out. Would
you like me to give the precise quotation ?—A. T certainly was very familiar
with the patent.

Q. Explain now when you first commenced work on the Alexanderson
patent. I do not want the date. I gather that you had done a good deal
of work on it, experimentally and otherwise, extending over a considerable
period of time. —A. I could not give you the date. There was a suit brought 30
which I knew as the Pathe. It was brought by the Radio Corporation
under the Alexanderson patent, against a corporation whose name I do
not know, but I know as to the Pathe case, and I took the Alexanderson
patent and made a good many tests on the Pathe receiver. The case

* sic? never came to trial as the Defendant settled.* In the Splitdorf record
at page 454 I find the following :

“ Q. You are reasonably familiar with the operation of apparatus
of the type shown in the Alexanderson patent, are you not ?—
A. Yes, I am very familiar with it.”

Then the next question reads: 40

‘ Can you say whether or not the normal design of an apparatus of
this type is such that the resistance of the plate circuit is higher or
lower than the resistance of the grid circuit ?—A. I can only say
this, your Honour, 1 have personally designed and built those
Alexanderson oscillation transformers in w idely different constructions.
I have never yet paid the slightest attention to whether the
resistance of the coil which is to be connected into the plate circuit
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was greater or less than the resistance of the coil to be connected 7 the
to the grid circuit.” Court of
That is at page 455 of the testimony. You say you have personally Canada.
designed and built those Alexanderson oscillation transformers in. widely piaintifrs
different constructions ? Evidence.
Q. Later on in cross-examination you indicate that you have a very no. 7.
extensive knowledge of Alexanderson ?—A. I think you confuse two things Frank XN.
that are separate in my mind. I have quite a wide familiarity with the cross.
operation of apparatus of this general type which I conceive to be such examination
10as is disclosed in the Alexanderson patent in its operation commercial eontinued.
and experimental.
Q. Was that what you meant when you said:
“1 have personally designed and built those Alexanderson oscilla-
tion transformers in widely different constructions.”
A. Yes.
Q. Did you not intend to convey to the Court that you had a personal
familiarity with the design and construction of the Alexanderson device ?
—A. That does not mean anything other than such transformers as would
be suitable to carry out the Alexanderson invention as I understand it,
90 and in that sense, yes, I know the apparatus that is on the market, and
I have myself constructed a good many transformers in that line.
Q. We may tie that up with the last answer you gave Mr. Smart but
I take your opinion that the Alexanderson device is used in a very general
way for commercial purposes to-day.—A. Almost universally.
Q. And you may almost eliminate the word ‘“ almost ? ” —A. I stand
on my statement. ’
Q. That is to say that practically all commercial receivers to-day
have geometrical selectivity with relays ?—A. A very large proportion
of the different makes on the market, yes. As to the actual numbers in
30 use I could not undertake to say because there are vast numbers of types
and sets in use.
Q. I suppose a great many people are still very old fashioned ? —A.
Well, you see the art has grown with great rapidity. The need for more
and more selective receivers has correspondingly developed, and there
has been an abandonment of other forms and adaption of the Alexanderson
form.
Q. Of course, you can still go into some of the larger shops and buy
some pretty antiquated sets at cheap prices, but you are referring to the
. receivers now being manufactured generally ? —A. Yes.
40 Q. When you say that as a rule they have geometrical selectivity
with relays ?—A. Yes. '
Q. Now getting down to just what that means, you carry your ac-
quaintance with the Alexanderson as it developed during the progress
of the art ?—A. I do not think I got the meaning you intend to convey.
Q. I am trying to explain the evidence you gave in the Splitdorf case
and to get my understanding of your position.—A. If you will read it to
me I will be glad to explain it.
Q. I take your evidence in the Alexanderson case to mean that you
have been in close touch with the Alexanderson device both theoretically

a G 2
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Ei?hi’éier and practically for a very considerable period of time. You tell me now
Court of 1 Was wrong. You tell me now, as I understand it, that what you meant
Canada.  to say there was that Alexanderson is almost universal and that when

Plaintifts ~ yOu see a radio receiving set you see Alexanderson ? Is that right.—A.

Evidence. ] have not said anything of the sort and I would like to know whether

No. 7. When you say Alexanderson you mean Doctor Alexanderson personally ?

Frank N. Q. No. I have read from the statement of no less important a gentle-
Croser " man than Frank N. Waterman speaking of so-and-so as the short way

examination of referring to invention or the alleged invention that is in question, and
—continued. . when 1 say Alexanderson I mean the Alexanderson alleged invention, 10
I would call it in this litigation.—A. What I meant in the statement that
you quoted from the Splitdorf record was that I have been for some time
familiar with receivers embodying this idea of successive selection by repe-
titions—and that is the fundamental thought as I understand it of the
Alexanderson patent—it is true that in the receivers at the present time
a larger percentage of different makes will be found to be built in that
way. : .
Q. Of course, you would not dream of saying anything that would
mislead at that time ?—A. Certainly not. :
Q. His Honour, Judge Bodine, was the presiding judge in the Split- 20
dorf case ? —A. Yes.
Q. I suppose you have read his judgment ?—A. You mean what
we call his opinion ?

Q. Yes. We call it a judgment, or reason for judgment. —A. Yes.

‘ Q. Did you not convey to him the impression that you were thoroughly
familiar with Alexanderson ? —A. Well 1 hope 1 did.

Q. And you endeavoured to both practically and theoretically ?
—A. Why, I think so. I do not know what limit you give to those terms.

Q. You say, “I have personally designed and built those Alexander-
son oscillation transformers in widely different construction.” Did you 30
not desire to give him the impression that you had- done just what those
words say ?—A. Certainly.

Q. And extending over some period of time ?—A. Well, I do not
think that I had a period of time particularly in mind. Certainly it would
not have been true over a greater period than four or five years. Well,

I will take that back because I perhaps did do that as long as ten years
ago.
¢ Q. T was going to ask you what period you would carry this answer
back. ‘For ten years back you would say you had that familiarity with
Alexanderson which resulted from your having personally designed and 40
built these Alexanderson oscillation transformers in widely different con-
struction. That is right ?—A. Yes.

Q. Right for ten years back ? —A. Yes, right for every construction
I can put upon it.

: Q. You told us you gave evidence in the Twentieth Century case?
—A. Yes. , ‘

Q. And when was the Splitdorf case tried ? —A. I think it must have

been in June. :
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Q. The Splitdorf case was tried in June ? —A. Thereabouts. In the

Q. And when was the Twentieth Century case tried ? —A. Perhaps %f,f";}’qzj"
in March, may be April. Canada.

Q. So less than two months intervened between those two trials? Plaintifis
—A. I could not say. Evidence.

Q. I am going to quote to you from page 428 of the Twentleth Century =
Record, where you are asked by Mr. Davis on cross-examination, question Frank N.

461 : (V:Vaterma.n.
* Will you look Mr. Waterman, at the Alexanderson patent to which e;g:ix}ation
10 you referred yesterday and particularly Fig. 4. Is it your under- —coninued.

standing in that arrangement Alexanderson gets this beneficial effect
of high reactance in the plate circuit which you discussed yesterday ? —
A. I am not very familiar with the actual performance of that circuit.
I mean that particular one of the various Alexanderson arrangements.
If you want authorltatlve information regarding it you had better
ask somebody else.”

Was that correct ? —A. Yes.

Q. You do not know about that feature of Alexanderson?—A. I
meant what I said, that I had not had personal extensive experience with
'20 that particular arrangement.

Q. Take Question 476 :

“ Do you want to withdraw your admission that in the arrangement
of Fig. 4 of Alexanderson, used with the old tubes and the inefficient
circuits of Armstrong, the eleme