
Vertical Tracking Angle­
A Source of 1M Distortion 

An analysis of the distortion resu lting from the disc repancy between 
the vertical angle at which the record is cut and the vertical angle of 
the playback stylus. A proposal is made to standardize these angles. 

PROBLEMS CONCERNING THE reproduc­
tion of stereo records have been 
considered from the viewpoint of 

reproduction quality previously. M. S. 
Conington and T. Murakami of R.C.A. 
Victor have analyzed the relationships 
and found that when using the 45/45 
system and a 90-deg. groove angle with 
the ideal playback cartridge, there is no 
{lross-modulation between the two chan­
nels. Intermodulation and harmonic dis­
tortion are identical for the two channels 
and are the same as they appear with a 
normal hill-and-dale record. If the rec­
ords are cut with a groove angle of 90 
deg. between the two channels, and the 
two axes of the cartridge are at right 
angles to the movement of the two re­
spective grooves, there will be no cross­
talk from one channel to the other. These 
are ideal conditions. In the following 
discussion it will be shown how unevenly 
and confusingly the various makes of 

.• Chief Audio Engineer, Bang and Oluf­
sen, Denmark. 
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records are cut - a confusion that not 
only makes for listening variations of the 
many records, but also gives quite a few 
headaches to the playback cartridge de­
signer. These problems could be avoided 
if agreement could be reached on stand­
ardization of disc cutting procedures. 

Perhaps the historical background is 
partly responsible for the wide disagree­
ment on methods. It should be remem­
bered that the first experiments with 
ster eophonic phonograph records began 
about 1930. At first the vertical-lateral 
system was used, although even at that 
time mention was made of the 45/45 
system now in use. In a way the two sys­
tems are identical, since by suitable 
phasing of the two information channels, 
it is possible to change from one system 
to the other, making it practical to cut 
with either system using the same cut­
ting apparatus. Correspondingly, a 
pickup constructed for the one system 
can, by means of suitable phasing, be 
used to play the other system. 

R= 7 . 5 CM Fig . 1. The percent 
o f s eco nd h ar ­
mo nic a s a f u nc­
ti on o f t ra ck in g 
an gl e a nd m odu-

latio n. 

TR AC KING ANG LE <P- DEG REE S 

AUDIO • NOVEMBER, 1962 

PICKUP STYLUS ANGLE ~ 

SHURE 40° 

ORTOFON 25° 

B & 0 30° 

FAIRCHI LD (GL) 35° 

FA IRCH ILD (NY) 35° 

·GENERAL ELECTR IC 25° 

RONETTE 12° 

DECCA 0° 

PICKER ING 15° 

ELAC 23° 

Fig . 2 . Stylus cant ileve r angle in a va ri­
e ty of ca rtridge s. 

This is not the place to discuss the ad­
vantages and disadvantages of one sys­
tem versus the other, but merely to point 
out that from the historic development, 
equipment to record and play back stereo 
records has been largely derived from 
the vertical-lateral system. It is this 
existing equipment which impedes work 
in creating agreement on standards for 
the 45/45 system which has been ac­
cepted. 

Stereo phonograph records only be­
came a reality after the development of 
the Westrex stereo disc system. Stereo 
records were first made available to the 
general public in the United States. The 
fundamental work on the method of con­
structing stereo playback cartridges 
therefore came from C. C. Davis' and 
J. G. Frayne's description of the Wes­
trex system which was publicized in the 
spring of 1958. In June, 1958, the al-
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Fig. 3. Vertical and lateral 1M distortion as a function of the distance from the center 
of the record and stylus-tip radius. 

ready mentioned work of Corrington and 
Murakami in the R.C.A. Review, which 
weighed the merits of the vertical-lateral 
and the 45/45 system in regard to distor­
tion, favored the latter system. 

Since it is impractical to place the 

GROOVE MOD. 
TEST RECORD FREOUENCY RAD IUS (CW5ECj 

'P' l e M ) 

O R 1006 400 8- 10 6 . 3 

OR 1005 ' 00 8-\0 6 . 3 

E- V 695 D (78) 1000 7- 9 6 

WE5TREX 1 A/ B (78) 1000 14 . 5 5. 5 

DEC CA 99102 A/ B 1000 10 I 

DG 99102 AlB 1000 14. 5 8 

RGA 12/5(7 1 1000 14. 5 3. 8 

l AT. 

2 

0 . 9 

0 . 55 

0 . 8 

in reality a variation of a considerable 
angle from the vertical. In the Westrex 
system, this angle is set at 23 deg. 

Calculations have been made of the 
harmonic distortion which appears when 
playing a laterally-modulated phono-

AVG. VALUE-
R- 10 eM 

SECOND HARMON IC (%) M ~ 10 (M/ SEC CALC. 
LEFT · RIGHT CUTTI NG 

VER T. l EF T RIGH T , ANGLE 

10 C 8 II 8' 

7 . S 5 6 8.7 13' 

1 1 3. I 24° 

1.4 1 0. 9 5.5 19' 

1.6 1. 6 16 0' 

6 6 II S' 

0 . 8 0 . 8 3 24° 

TABLE I. Distortion measurements of a 
number of test records. 

axis of revolution of the stylus cantilever 
exactly at the surface of the record, a 
vertical tracking distortion will arise 
unless there is a very close agreement 
between the angle used by the cutting 
head and by the pickup. What is nor­
mally referred to as the vertical move­
ment of the tip of the cutting stylus is 

graph record with the incorrect tracking 
angle. According to B,. B. Bauer 
("Tracking angle in phonograph pick­
ups," Electronics, March, 1945) the for­
mula for the second harmonic when using 
the wrong tracking angle is 

D := O.5q>M 
R 
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Fig . 4. A double­
modulated groove 
and the result of 
incorrect tracking 

angle. 

When: q> is the variation in tracking 
angle in degrees 

M is the modulation amplitude 
in cm/sec 

R is the radius from the groove 
to the center of the record in 
cm. 

It can be seen that the distortion is in­
dependent of the frequency, and only 
dependent on the modulation and the 
distance of the stylus f rom the center of 
the record, and of course the tracking 
angle. The formula is computed for a 
laterally cut groove with a record rota­
tion speed of 33% revolutions pel' min­
ute. Figure 1 shows the tracking angle 
distortion at different places on the rec­
ord, with a modulation of 10 em/sec. In 
a well-constructed tone arm the varia­
tion from the correct tracking angle can 
be held to within 1 deg., plus or minus; 
in other words, in a good playback car­
tridge it can be demanded that the sec­
ond harmonic be less than 1 per cent 
with normal modulation. 

Bauer's formula can also be used for 
a vertically cut groove but additional in­
formation is required, because the har­
monic distortion will depend here to a 
great extent on the frequency and on the 
radius of the stylus. It should be noted 
that the harmonic distortion is always 
greater for a vertically cut groove than 
for a lateral cut. At 1000 cps it will be 
about 5-6 times as great. Here I refer to 
the basic work of J. A. Pierce and F. V. 
Hunt in the Journal of the Acoustic S o­
ciety of Amel'ica, 1938. 

Of the same magnitude, indeed some­
times worse, is the distortion obtained 
when playing with the wrong vertical 
tracking angle. 

Distortion measurements have been 
made on a number of test records, using 
a B & 0 stereo pickup. The results are 
shown in Table 1. The average figures 
for the right and left channel, recalcu­
lated for all records to 337'3 rpm and 
with a modulation of 10 em/sec, and a 
distance from groove to record center of 
10 em (about the middle of the record) 
are shown at the far right. On the basis 
of these measurements, and after com­
parison with the curves of Fig. 1, the 
presumed cutting angles for the vertical 
cutting are indicated. 

H armonic distortion resulting from an 
incorrect t.racking angle consists mostly 
of second harmonic. The third harmonic 
is about 12-15 db down from the second. 

We can see from Table I that the 
lateral distortion is unimportant in com­
parison with the vertical so that we may 
assume the tracking angle is correct for 
it. Vertical modulation shows consider­
able second harmonic distortion, how­
ever, dependent on the make of record. 
In order to compare the various records, 
recalculation (average value for both 
channels at 33% rpm) has been made in 
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Fig. 5. 1M d is to r­
tion as a function 
of vertica I track­
ing ang le and re-

cord ing leve l. 

VER TICAL TRACKING ANGLE - DEGREES 

the next-to-Iast column. The difference is 
obvious between records from Decca, at 
the one extreme, with RCA, Westrex, 
and Electro-Voice at the other. 

From the viewpoint of the playback 
cartridge designer, a fairly large vertical 
cutting angle would be preferable, as it 
is necessary to allow space for the mov­
ing elements, whose center of rotation 
must lie above the record surface. 

The angle of the stylus cantilever to 
the record surface of several pickups 
has been determined by measurement and 
is shown in F ig. 2. It is evident that 
there is as much difference here as with 
the various cutting angles for the rec­
ords-the result of a lack of standards 
for r ecording. 

As mentioned earlier, the most im­
portant harmonic distortion is second 
harmonic due to the incorrect vertical 
tracking angle. In the case of groove 
modulation with two tones, an intermod­
ulation product appears as well. As far 
as is known no previous theoretical cal­
culation has been made of the size of 
this product as a function of the track­
ing angle. An attempt to make such a 
calculation will therefore be made here. 

If you first assume a correct vertical 
tracking angle, there is considerably 
more intermodulation distortion in play­
ing a vertically modulated groove than 
is the case with a laterally modulated 
groove. Corrington and Murakami give 
the f ollowing formula: 

where: U 1 is the lowest frequency re­
corded amplitude in ips 

r is the radius of the stylus in 
thousandths of an inch 

v is the record speed in ips. 
With a 33Ys-rpm record, 

2R33Ys 
v 60 

R is the radius from the stylus tip to the 
center of the record. 

In F ig. 3 the intermodulation distor­
tion is shown respectively vertically and 
laterally with a stylus tip radius of 0.5 
mil and 0.7 mil and a recording speed 
of 7 em/ sec at various distances from 
the center of the record. 

As can be seen, the intermodulation is 
about 10 times as large in the vertical 
channel as in the lateral. Intermodulation 
in the lateral cutting appears as modula­
tion of the even harmonics, and in ver­
tical cutting it appears as modulation of 
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PICKUP B D F 0 R 5 

LATERAL ) 4 15 18 4. 5 7 5 
VERTICAL ~ 37 7 . 5 55 40 20 40 
LEFT - .} 25 10 40 30 10 30 
RIGHT ~ 28 10 30 25 12 25 

LATERAL 5 16 24 5 15 8 
VE RTI CAL . \ 60 8 65 60 40 75 
LEFT '1 ) 40 12 55 35 50 50 
RI GH T 50 12 60 40 30 50 

LATERAL \ 10 15 23 10 10 10 
VERTICAL • 25 12 60 40 12 45 
LEFT ~ I 15 10 40 15 12 25 
RIGHT 20 10 50 25 12 30 

LATERAL ) 10 16 23 lD 10 10 
VERTICAL 40 25 72 40 20 70 
LEFT : I 20 15 28 25 20 50 
RIGH T 25 15 25 35 30 50 

'CWSEC 

TABLE II. Intermodulation of a 
number of cartridges. 
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the odd harmonics. It looks severe, and 
it is not improved by an incorrect verti­
cal tracking angle. 

In Fig. 4 a vertical double-modulated 
groove is diagrammed. We imagine the 
groove to be traced by an ideal stylus, 
and try to investigate what will happen 
due to a wrong vertical tracking angle. 
This groove is considered to be cut with 
a vertical cutting angle of 0 deg. 

The angle for zero transmission of the 
lowest frequency is a, the amplitude of 
the low frequency is alJ and for the high 
frequency a2 • The minimum and maxi­
mum values which will be obtained for 
az will be found at the points of zero 
transmission, which are p and q. The 
difference between these values of a~ at 
points p and q} divided by the average 
amplitude of a ! } multiplied by 100 will 
equal the percentage of intermodulation 
of the odd harmonics. 

In F ig. 4 the areas about points p and 
q are shown magnified. at is the ampli­
tude for the high frequency, as it would 
be with the correct delineation (cp = 0), 
b is the size at point p with delineation 
under the angle Cp, and c the size at point 
q with delineation under angle cpo 

GROOVE 90° IN THE CUTTI NG PLAN E. 
C UTTING DIREC TIO N 45/ 45 IN THE 
C UTTI NG PLANE. 
x = 45° - (I 

y = 45 ° 
ton x= ~~~ t 

Fig . 6 . Pr inciple of the B & 0 cart ridge . Fig . 7 . Some geometrical relationships in the ste reo g roove. 
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The percentage of intermodulation is 
expressed as: 

c-b 
IM= a

2
Z 100%Eq. (1) 

Z is a factor that determines the aver-

age amplitude of a2 with delineation 
under the angle <po 

For small values of <p however, 

1 
Z == - - . For larger angles the correct 

cos <p 

V=20 CM/SEC 
R=7. S CM 
CUTTI NG ANG LE= 20 ' 

Fig. 9 . Gra phic re presentat ion of w hat ha ppens when the stylus angle is different 
than the cutting a ng le . This indica tes that the syl us shou ld be tipped back rather than 

forwa rd a s is commo nly believed. 

24 

value of Z can be obtained with the in­
tegration of a/s delineation value under 
the angle <p over a wavelength of the 
low frequen cy, which gives : 

cos a. 
Z = --'==7===7===~==~ Y cos (a. + <p) • cos (a. - <p) 

With the help of the sine relation used 
on triangle MNO, we obtain 

b = ag cos a. 
cos (a. - <p) 

and used on triangle MSO, 

a g cos a 
c=-"--,,-----.,. 

cos (a. + <p) 

Inserting the values for b, c, and Z in 
Eq. (1), we obtain 

1M = [ cos (a. - <p) _ 

cos ((.( + <p) 

cos (a + <p )J . 100 % 
cos (a - <p) 

a., which is the angle for the zero 
transmission of the low frequency, is 
found from 

vy2 
tana= - -. c 

where v is the effective recording speed 
in cm/sec, and c the groove speed in 
cm/sec. 

Development of the above assumes a 
considerable difference in the two fre­
quencies, and that the sine curve for the 
lowest frequency in the points consid­
ered can be thought of as a straight line. 

The above gives a basis for the deter­
mination of the degree of intermodula­
tion as a function of the tracking-angle 
fault. 

Figure 5 shows 1M calculated for three 
different recording levels and a distance 
from the record center of 10 cm. The 
calculation is valid for intermodulation 
of the odd harmonics. 

A calculation of the inter modulation 
of the even harmonics shows that these 
are unimportant in comparison with the 
modulation of the odd harmonics. 

If Fig. 1 and Fig. 5 are compared it 
is seen that considerable harmonic and 
intermodulation distortion appears if 
the vertical cutting angle and the verti­
cal tracking angle of the pickup are not 
the same. 

On the basis of two intermodulation 
test records produced by Ortofon, meas­
urements have been made of a number 
of playback cartridges. The results are 
in Table II. The principle of the B & a 
pickup is shown in Fig . 6. 

The results are anything but encourag­
ing. From the measured values it is pos­
sible to predict with r easonable accuracy 
what angle the stylus cantilever makes 
with the record surface, if all the data 
for the record is known. 

The variations in vertical cutting angle 

(Oontinued on page 88) 
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high-compliance Jensen woofer has up to 200% 
more cone travel; deep rich base. Two-way system 

• Tweeter with crossover network. 8-ohm input 
• Screw terminals polarized for stereo. Volume control 
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this system wiJl work as well as the othel' 
compromises mentioned before. In trans­
fer, the sync component must be re­
moved f rom the program unless the play­
ing equipment will not pass 30 cps. 
Being an almost pm'e sine wave makes 
the chore rather easy eitheI' with the 
normal high-pass Biters in all photo­
gr aphic channels or dialog equalization 
of some sort. In practice it is possible 
to put the 30-cps signal well below the 
tape noise and stage noise with no stra in 
and absolutely no change in audible voice 
quality . 

It is hoped that this article will kindle 
the r eader's imagination or dander or 
both and thus promote more study and 
sear ch for the "perfect" tap e synchroni­
zation system. 1£ 

TRACKING ANGLE 
(f1'om page 24 ) 

from one record to the next also cause 
problems of channel separation. It is 
surprlsmg, but frequently differ ent 
amounts of crosstalk can be measured 
with the various r ecords. Sometimes 
crosstalk is high from the left to the 
right channel, and low from the right to 
the left channel, and vice ver sa. 

F igu1'e 7 demonstrates what happ en ' 
when the pickup is incorrectly posi­
tioned. The amount of channel separa­
tion will vary with the angle a.. If every­
thing is correct in both cutting and 
playback, two identical cunes will be 
obtained for crosstalk on the lef t and 
right channels. However, measurements 
show that two identical cm-ves are not 
obtained in all cases. This can be due to 
geometrical faults in the construction of 
the pickup, but if these are elimina ted 
it is found tha t widely differing r esults 
are obtained when measuring the various 
test records. 

Figtwe 7 shows a drawing of the ster eo 
groove. cp is the vertical tracking angle 
and ~ is the cutting angle. x is 45 deg., 
the half angle of the angular distance 
between the two minimum points for the 
two curves for cr osstalk as a f unction of 
the angle variation a.. 

If we assume that the cutting direction 
is 45/45 in the cutting plane, there is 
the f ollowing r elation between the three 
angles: 

tan x= cos (P 
cos B 

If we know qJ and measm'e x we can thus 
find ~. 

Figttl'e 8 gives the e curves for various 
phonograph records. The B & 0 pickup 
was used in measuring these. 

Since the vertical cutting angle varies 
from r ecord to r ecord, it i not possible 
to find any ideal pickup construction 
until standards can be agreed on. 

The fact tha t the vertical cutting angle 
IS in r eality not vertical results in the 
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determination that the stylus tip should 
not be vertically oriented. F 'igure 9 
shows what happens if the stylus angle 
is not in agreement with the cutting 
angle. This is a point which is frequently 
difficult to impress on p eople, even pro­
fessionals . Generally there is the feeling 
that a pickup stylus should angle for­
ward very slightly in order to avoid 
damaging the record. In reality this is a 
great misunderstanding. Due to the r e­
cording conditions, the stylus tip should 
in reality point in the opposite direction, 
and exactly as much as the cutting angle 
varies from the vertical line. 

After a cold and sober theoretical 
consideration, the stereophonic phono­
graph r ecords should in r eality be in­
tolerable to listen to. However, practice 
r eveals a different situation. Even 
though the experienced ear can probably 
hear the greater distortion, there is no 
doubt that the stereophonic effect is such 
a great advantage that considerably 
more distortion can be tolerated than is 
the case with mono records. On the basis 
of li tening tests it seems that such high 
demands for distortion reduction in 
stereo systems are unnecessary as com­
pared with single-channel systems. This 
should not draw attention away f rom 
the sources of faults that can he removed 
with the greatest ease by merely estab­
lishing standards. 

In the IEC-publication 98 and 98-1, 
which contains recommendation for com­
mercial stereophonic records, the prob­
lem about the cutting angle is not men­
tioned. However this publication is being 
revised. At the IEC-meeting in Helsinki 
last year the Danish delegation proposed 

to standardize this angle at 15 deg.: 
(This proposed was made in Ewrope 

bc/07'e the essentially EU1'opean commit­
tee. See the EeZit01'iaZ /01' /~/.1"the1· com­
m ents about the status ,in the U. S . ED.) 

The proposal contains the following 
definition of the natUl'e of the groove: 

"The stereophonic groove shall carry 
two channels of information. The two 
channels shall be recorded in such a 
manner that they can be reproduced by 
movement of a reproducing stylus in 
two directions at 90 deg. to each other 
and at 45 deg. to a radial line through 
the stylus tip and the center of the disc. 

"The reproducing stylus motion shall 
be tangent to or lie in a plane through 
the stylus tip and 'the record center, in­
clined at a nominal angle of 15 deg. 
clockwise to the normal through the 
stylus tip as viewed from the center of 
the disc." 

It is hoped that the changing of Publi­
cation 98 and 98-1 will be confirmed as 
soon as p ossible, and that the different 
record makers will adopt this standardi­
zation as soon as possible. .lE 

REFERENCES 

C. D. O'Neal, "The pyramid stylus," IRE 
l 'mnsactions on Audio, December 1959. 

M. S. Corrington and T. Murakami, 
"Tracing distortion in stereophonic disc 
recording," RCA Review, June 1958. 

C. C. Davis and J. G. Frayne, "The West· 
rex stereo disc system," P1'oceeclings of the 
IRE, October 1958. 

B. B . Bauer, "Trackin g augle in phono­
graph pick-ups," Ek!ct1'onics, March 1945. 

J. A. Pierce and F. V. Hunt, "On dis­
tortion in sound reproduction from phono­
graph r ecords," J.iJ..S.iJ.., July 1938. 

Erling P. Slwv, "Stereo disc problems," 
A.E.S. J01wnal, J anuary 1960. 

HEADPHONE CONTROL 
(from page 56) 

It will be noted that some of the cir­
cuit values in Fig. 4 are different from 
those in the Bauer prototype. The values 
in the original cir cuit were arrived at 
analytically, and they do not necessarily 
represent practical values. For example, 
tolerances on the inductors have been 
brought into line with those of the rest 
of the circuit. Also some capacitance 
"alues have been changecl slightly . An 
important change is the substitution of 
100-ohm resistors for the 600-ohm re­
. is tors in series with each source. The 
purpose of the high resistances was to 
bring the crossfeed factor below 200 cps 
as close to unity as possible, but when 
this was done the insertion loss of the 
unit increases (more about this la ter in 
a discussion of power requirements). 
The use of 100-ohm resistors results in 
an insertion loss of 30 db compared with 
a loss of more than 40 db in the p roto­
type circuit. This is done at the expense 
of about 1.5 db of crossfeed factor. 
Listening tests have shown that a dif­
ference of this magnitude at low fre-
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quencies is not pel'ceptible. But the r e­
sulting 10-db decrease in insertion loss, 
however, is much to be desired. 

The balance-control potentiometer 
plays an additional role. When it is 
centered each half of it appears in 
parallel with one of the phones. Since 
the CC-l is designed to work with 8-ohm 
phones the resulting parallel resistance 
is close to 5 ohms, the desired load. The 
use of 4-ohm p hones is also p ossible 
with only a slight cleCl'ease in sensitivity . 

Operation of the Control Center 

Most low-impedance dynamic head­
phones are remarkably sensitive; a 
power level of 5 to 10 milliwatts is 
usually sufficient to drive them to nor­
mal peak listening level. If they were 
operated directly across the output of a 
power amplifier, hum and tube noise 
would be quite audible even with the 
signal present. There would also be the 
possibility of inadvertent overload of 
the phones and excessive sound pressure 

the most 
noise-free 
recordings 
you have 

ever 
heard 

will be made on the new all·transistorized Norelco 
Continental '401' Stereo Tape Recorder, the only 
recorder using the newly developed ACI07 tran· 
sistors in its two preamplifiers. The ACI07 is the 
only transistor specifically des igned for magnetic 
tape head preamplifiers utilizing specially purified 
germanium to ach ieve the extraordinary low noise 
figure of 3 db, measured over the entire audio 
band (rather than the usual single frequency). This 
noise figure remains stable over large collector· 
emitter voltage swings and despite large varia­
tions in source resistance. 

Hear the new transistorized Norelco Continental 
'401' • 4·track stereo/ mono record and playback 
• 4 speeds: 7Yz , 3%, I Va and the new 4th speed 
of ' 7(6 ips wh ich provides 32 hours of recording 
on a single 7" reel • fully self·contained with 
dynamic stereo microphone, two speakers (one in 
the removable cover for stereo separation), dual 
preamps and dual recording and playback ampli­
fiers • se lf-contained PA system. mixing facilities 
• can also play through external hi-fi system • 
multiplay facilities, 

Specifications: Frequency response: 60-16,000 cps 
at 7Yz ips. Head gap: 0.00012". Signal-to-noise 
ratio : better than 40 db. Wow and flutter: less 
than 0.4% at 7Yz ips. Recording level indicator: 
one·meter type. Program indicator: built-in, 4·digit 
adjustable, Inputs: for stereo microphone (1 two­
channel); for phono, radio or tuner (2). Foot pedal 
facilities (1), Outputs: for external speakers (2), 
for external amplifiers (1 two-channel); headphone 
(1). Recording standby. Transistor complement: 
AC 107 (4) , OC75 (6), OC74 (2), OC44 (2), 2N1314 
(2), OC79 (1). Line voltage: 117 volts AC at 60 
cycles. Power consumption: 55 watts. Dimensions: 
16'71', ' x 1571',' x 8%". Weight: 43 Ibs. Accessories: 
Monitoring headset and dual microphone adapter. 

For a pleasant demonstration, visit your favor­
ite hi-fi dealer. Write for Brochure D·ll. North 
American Philips Company, Inc., High Fidelity 
Products Division, 230 Duffy Avenue, Hicksville, 
Long Island, New York, 

~reko® 
In Cana da and throughou t the free world . tlore/eois known as 'the Philips. 
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