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1.  Introduction
In 2013 I bought a Torm

ek grinder and after som
e experim

enting and grinding of the
available knives, blades, scissors etc. it becam

e clear to m
e that the reproducibility

of the grinding angles w
as rather poor if the adjustm

ent w
as done according to the

procedure described in the handbook. G
ood reproduction can be obtained if the

bevel is coloured w
ith a m

arker pen and the support is adjusted until the stone
clears the bevel.
That m

ethod how
ever is not fast and easy. I w

anted a sim
ple m

ethod w
hich could

be realized by m
easuring and adjusting the position of the universal support and the

length of the adjustable jig. That resulted in the developm
ent of the follow

ing form
u-

las. 

C
onsider the triangle determ

ined by the knife jig, via R
1  to the centre of the stone

and via the long side D
 (=R

2 +S) back to the jig on the universal support.
The angle opposite side D

 (=S+R
) is equal to 90°+∆  because the grinding angle ∆

is equal to the angle betw
een the knife blade and the tangent to the stone w

hile the
radius R

1  is perpendicular to  the tangent.
W

ith the cosine-law
 w

e get 
D

2=
K

2+
R

1 2−
2∗

K
∗

R
1 ∗cos

(90°+
∆
)

w
hich can be sim

plified to: 
D

2=
K

2+
R

2+
2∗K

∗R
∗sin

(∆
)

[F0]

So the grinding angle ∆ is determ
ined by: 

∆
=

arcsin( D
2−

K
2−

R
2

2∗K
∗

R
)

[F1]

and D
 should be adjusted to 

D
=√ (K

2+R
2+2∗K

∗
R
∗sin

(∆
))

[F2]
If D

 is fixed, then the grinding angle can be adjusted by changing the distance K
w

ith the adjustable stop.
For easy application, the m

ethod w
as described in a docum

ent w
ith tables for set-

tings at different stone diam
eters and for a range of grinding angles. [1]  (See chap-

ter “R
eferences“ on page 15) That docum

ent w
ill be further referred to as “D

oc1”.

Figure 1: O
riginal diagram

 for jig adjustm
ent

A
grinding jig

R
1

∆

D=S+R

tangent

universal
support

adjustable
stop

adjustable
clam

p

grinding 
stone

S

R
2

K

90°
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9.  R
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8.  D
ocum

entation
The spreadsheet is titled “U

SB
 adjustm

ent table.ods” and is m
ade in the free and

open source office package LibreO
ffice. It can be dow

nloaded from
 the public folder

“Torm
ek-T7 grinder” on D

ropBox and O
neD

rive. [13] 
D

ow
nloaded versions w

ill open and run in Excel. If you upload your ow
n version to

the cloud, then it opens and runs also in the online version of Excel. The sam
e

holds for the spreadsheet w
hich is used for the tables in D

oc1: “G
rinding angle

adjustm
ent table.ods” w

hich also can be found in the sam
e folder.

The contents of the folder [13] are:
•

D
oc1: initial docum

ent about m
athem

atical adjustm
ent of the knife jig

– “G
rinding angle adjustm

ent A5 serial.pdf”, serial version for tablet
“G

rinding angle adjustm
ent Booklet.pdf”, A5 booklet to be printed on A4

– “G
rinding angle adjustm

ent table.ods”, spreadsheet for tables in D
oc1

– “M
easuring distance 'S

'.JPG
”, picture of sim

ple m
easurem

ent of U
SB-to-stone

distance
•

This docum
ent:

– “M
ore m

ath for the Torm
ek grinder A5 serial.pdf”, serial version for tablet

– “M
ore m

ath for the Torm
ek grinder booklet.pdf”, A5 booklet to print on A4

– “U
SB adjustm

ent table.ods”, spreadsheet to generate the new
 table

©
 2018 Ton N
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2.  Further developm
ents

In April 2014, after som
e experim

enting on several knifes, I decided to introduce the
m

ethod on the Torm
ek-forum

. [2] 
The first reaction about the application of this m

ethod cam
e from

 Ken Schroeder in
Septem

ber 2014. [3]  H
e becam

e a prom
oter of this m

ethod and even developed a
further sim

plification so that the adjustm
ent could be done w

ithout the need for a ta-
ble look-up. H

e called his design the “K
en-jig”[4] . Several forum

-m
em

bers adopted
his ideas and created a variety of im

provem
ents and alternatives.

In M
arch 2016 the m

ethod w
as adapted by “W

ootz” (Vadim
) by m

easuring the dis-
tance from

 the top of the support bar to the base of the grinder rather than the dis-
tance to the stone. That m

easurem
ent is

easier to reproduce. For that purpose he de-
signed a “frontal vertical base” for sharpen-
ing aw

ay from
 the w

heel. See Figure 2.
Furtherm

ore he developed a com
puter pro-

gram
 to calculate the correct height.[5] H

e
now

 applies his m
ethod to his grinding and

polishing 
m

achines 
in 

his 
w

orkshop 
and

m
ade an applet com

m
ercially available. It is

review
ed and discussed in [6] . In that topic

he also introduces a sim
ple and accurate jig

length m
easuring/setting block including im

-
ages w

ith construction details.
H

is grinding results are of unprecedented
precision, as stated on his w

ebsite [7] :
“…

 the cutting edge w
e deliver has at or

under 0.1 m
icron edge apex w

idth, and
usually near 0.05 m

icron for high-end
knives, sharper than a razor.”

H
e expressed his satisfaction in a m

essage to m
e in w

hich he clearly described the
benefits:

“A
fter I scripted your form

ulas, m
y sharpening turned from

 guess and ap-
proxim

ation into a scientific precision.
S

ince then I've never failed to set exact edge angle, w
ill it be keeping the

factory angle or by custom
er's w

him
.

If not for your form
ulas, I w

ouldn't be able to keep exact edge angle as I
m

ove the blade I sharpen from
 stone to stone of different diam

eters, from
 T7

to T8, and then to paper w
heels for honing.

O
nly thanks to you I now

 have every edge apex w
idth under 1 m

icron, typi-
cally 60-90 B

E
S

S
, w

ithin 3-5 m
inutes.”

I could not w
ish for better recognition, and m

oreover he also sent m
e a copy of his

frontal vertical base as a present.

M
eanw

hile, five years after introduction, it gets w
idespread attention as a "m

ethod"
including instruction m

ovies on youtube. [8] 

Figure 2: frontal vertical base
applied to the grinder
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3.  C
om

parison w
ith the “A

nglem
aster”

The 
distance 

‘S’ 
betw

een 
the

stone and the jig’s center above
the U

SB
 is one of the param

e-
ters for the adjustm

ent.
Figure 3 gives an exam

ple how
 a

distance of 85m
m

 is set for the
center of the U

SB. About the in-
accuracy of this adjustm

ent of ‘S’
a discussion arose on the forum

.
“Jan” m

ade a calculation on the
error 

in 
grinding 

angle 
if 

this
“w

rong” m
easurem

ent 
is done.

For a particular set-up this error
appears to be 0.6°, according to
his 

calculations.[9] 
D

ocum
ent

D
oc1 how

ever (as seen in Fig-
ure 1) refers to the correct refer-
ence point w

hich I em
phasized

in the follow
ing note:[10] 

The distance K is determ
ined via distance A (Figure 1) by m

easuring the distance
from

 knife edge to the adjustable stop. That is the correct distance as intended. The
distance 'S' is m

easured by m
e in practice betw

een the stone and the m
iddle of the

U
SB, as show

n in figure 3. To get an im
pression of the resulting error, for a few

 set-
tings the com

puted angle w
as com

pared w
ith the angle set w

ith the "Anglem
aster".

M
easuring set-up

Figure 4 gives an illustration of the m
easuring set-up. As “knife-jig” a steel ruler w

as
used w

ith a thickness of 1m
m

. The (dark) steel ruler is resting on the U
SB and

touches the stone w
ith its end. The distance of the U

SB to the stone is set w
ith the

w
hite ruler. The steel ruler is then shifted, forw

ard or backw
ards w

hile touching the
stone and the U

SB, until the angle setter fits on the ruler. That is checked by view
-

ing backlight passing betw
een ruler and angle setter.

Practice m
akes perfect?

The intention w
as to m

easure angles of 10°, 20° and 30°. At the angle of 10° it
turned out to be very difficult to accurately position the steel ruler at the right length.
There w

as then a range of about 10 m
m

 in w
hich the angle appeared to be correctly

set. Therefore m
easurem

ents have been done for angles of 20° and 30° only, w
ith

U
SB distances to the stone of 65, 80 and 95 m

m
.

The anglem
aster m

ust be placed close to the end of the ruler during adjustm
ent.

Figure 3: M
easuring distance 'S

'

“The distance is m
easured N

O
T to the top N

O
R

 the center of the support. It
is part of the triangle through the knife in the jig. So it should be m

easured to
the heart of the jig just above the center of the support. M

easuring the dis-
tance to the top of the support how

ever w
ill give a negligible error.

P
lease keep in m

ind that this subject [i.e. m
ethod] is not an academ

ic item
,

but a proposal to sim
plify the jig-setting.”

©
 2018 Ton N
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7.  N
ew

 tables
Since the usage of a table is faster and easier than entering the param

eters in an
app or form

ula, I have designed a spreadsheet for generating a table based on for-
m

ula F9. The table gives the U
SB-to-stone distance as a function of the jig-length

JG
 in colum

ns and the desired grinding angle ∆ in row
s. See figure 11.

The user can set the follow
ing param

eters:
•

System
 param

eters
these param

eters are independent of the knifes to be sharpened and m
ust

rarely be changed
– Stone diam

eter A
S

– O
ffset JC

 betw
een the jig’s shaft-centre and U

SB-centre
•

Table param
eters

these param
eters determ

ine the start and increm
ent of the row

s and colum
ns of

the table
– m

inim
um

 value for JG
, w

hich is in the first colum
n

– increm
ent betw

een colum
ns of JG

– m
inim

um
 value for the grinding angle ∆, w

hich is on the first row
– increm

ent betw
een row

s of ∆

Figure 11: S
creenshot of (upper part of) adjustm

ent table
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6.  U
sage of existing tables

Previous considerations concerning the choice of the reference point ‘C
’ lead to a

different approach to the use of the tables in doc1. W
ith a different choice of that

reference point, a correction m
ust be m

ade for the angle ∂
k  (Figure 10), w

hich then
increases the grinding angle w

ith respect to the calculated value.

D
eterm

ining ‘offset-angle’ ∂
k

If the reference point ‘C
’ is chosen at the contact point w

here the jig rests on the
U

S
B, then the distance JC

 w
ill equal to 6 m

m
. W

ith the reference point at the center
of the U

SB, the distance JC
 w

ill equal 12 m
m

. For the “cbw
x34-fix” the distance

JC
 equals 24 m

m
.

The length JG
 is variable w

ith the adjustable stop of the knife-jig. The length A in fig-
ure 1, betw

een the adjustable stop and the clam
p edge, is adjustable from

 108 to
125 m

m
. The w

idth of the knife adds another variable. So let’s consider an exam
ple

as given in D
oc1:

The distance JG
 in figure 10 equals distance K in figure 1 w

hich is 6 m
m

 less than
the distance A in figure 1. H

ence distance JG
 under these conditions w

ill range from
133 to 150 m

m
. The follow

ing table can then be calculated for the values of ∂
k :

∂k  
as function of JC

 and JG
JC

6 m
m

12 m
m

24 m
m

JG
133 m

m
2.6°

5.2°
10.2°

150 m
m

2.3°
4.6°

8.8°

The m
axim

um
 error of 0.2° can clearly be neglected. If the reference point is

chosen at the center of the U
SB, then an offset angle of 5° should be taken into ac-

count. The “cbw
x34-fix”  gives an offset of 9.5° w

ith a variation of 0.7° at m
axim

um
over the variable range. 
This justifies the final conclusion that, w

ith a sim
ple correction, the tables of doc1

are useful for alternative m
easurem

ents of the stone distance.

Exam
ple: (from

 D
oc1)

C
onsider a cooks knife w

ith a w
idth of 45m

m
. The jig can grip

the knife to a depth of 14m
m

. As a consequence the knife edge
extends 31m

m
 from

 the clam
p.

Thus the distance betw
een the knife edge and the adjustable

stop can be varied betw
een 108+31 and 125+31 m

m
, that is

from
 139m

m
 to 156m

m
.

This leads to the conclusion that the grinding angles in the tables
of D

oc1 have to be corrected by 2.5° if the m
easuring point is

not chosen on the centerline of the jig but on the contact point
w

here the jig rests on the U
SB.

©
 2018 Ton N
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The distance S is determ
ined

w
ith a caliper and the ruler is

provided 
w

ith 
a 

slider as 
ad-

justable stop so that both dis-
tances w

ere m
easured w

ith the
U

SB edge as reference. The ra-
dius of the U

SB, i.e., 6 m
m

, w
as

subtracted from
 the m

easured
results to give the distance to
the U

SB center.

R
esults

The results are listed and evalu-
ated in the follow

ing table. D
is-

tances R
, S, and K refer to Fig-

ure 1.
The 

first 
tw

o 
colum

ns 
in 

the
table contain the adjusted para-
m

eters. The angle is the adjust-
m

ent for the angle-setter of the
anglem

aster and S is the dis-
tance from

 the stone to the cen-
ter of the U

SB.
The 

shaded 
colum

ns 
contain

the m
easured and derived val-

ues. C
olum

n K contains the dis-
tance from

 the end of the ruler
touching the stone to the point
w

here it rests on the U
SB. W

ith
these param

eters the grinding angle ∆ can be calculated according to form
ula F1, in

w
hich D

=S+R
. The difference w

ith respect to the preset angle of the anglem
aster is

show
n in the last colum

n.Stone diam
eter=240m

m
 →

 R
=120

Adjusted
M

easured
C

alculated

Angle
S

(m
m

)
K (m

m
)

∆ (F1)
∆-Angle

20
65

107
19.04

-0.96
80

126
18.76

-1.24
95

144
18.72

-1.28

30
65

96
27.42

2.58
80

115
25.86

3.36
95

131
27.8

2.2

The m
easuring accuracy is about 1m

m
. It has to be noted that a m

easuring error of
1m

m
 results in an angular error of 0.8°. N

evertheless, the results are disappointing
and the errors are so great that an analysis is needed to arrive at a better under-
standing of the correct adjustm

ent.

Figure 4: The anglem
aster applied

to a steel ruler
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4.  Error analysis
A lot of m

easurem
ents have been

m
ade to find out w

here the m
easure-

m
ent errors could com

e from
. For a

long tim
e there w

as apparently a sys-
tem

atic error. The error turned out to
be dependent on the thickness and
the 

sharpening 
angle. The 

sm
aller

the angle and the thicker the m
aterial

the 
larger 

the 
error. 

I 
finally 

dis-
covered that by grinding w

ood w
ith a

thickness of 6 m
m

. After grinding sev-
eral pieces w

ith different angles,  the
cause of the error becam

e clear.

U
nderstanding w

hy thickness m
atters

The distance K w
as m

easured before sharpening, so w
ith a blunt instead of a sharp

piece of m
aterial. As a consequence the tip of the blade w

ill sink to the stone during
sharpening, thereby changing the angle w

ith respect to the stone. This is illustrated
in Figure 6.

The error is m
ade by adjusting the length K or JG

 to the edge of the blunt testing
blade. In the figure this length is indicated w

ith K
b . The blade has a thickness of tb .

D
uring the grinding, the tip of the blade sinks over a distance tb  to the stone, caus-

ing the grinding angle to change. To com
pensate this, the setting distance should be

increased by an additional value K
e . That value is dependant on the blade thickness

tb  and the grinding angle ∆.

The equation tan(∆
)=

tb

K
e

 leads to the form
ula: 

K
e =

tb

tan
(∆

)
.

The follow
ing table gives an overview

 of the values of K
e  (on grey background) for

som
e com

binations of blade thickness and grinding angle. It is clear that this can
cause a m

ajor error, for exam
ple 17 m

m
 at a grinding angle of 10° and blade thick-

ness of 3 m
m

.

Figure 5: S
harpened w

ood

Figure 6:  K
nife blade positioning on the stone

K
nife blade

tb
∆

K
b

K
e

S
tone surface
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R
esulting grinding angle ∆

An expression for the grinding angle Δ can directly be derived from
 form

ula F9. The
first step is squaring, to elim

inate the square root, and then rearrange the term
s:

2∗C
G
∗

AG
∗sin(∆

−
arctan

(JC
/JG

))=
C

A
2−

C
G

2−
AG

2

Separation of the trigonom
etric function gives:

sin(∆
−

arctan
(JC

/JG
))=

C
A

2−
C

G
2−

AG
2

2∗
C

G
∗

AG
That leads to the inverse trigonom

etric function:

arctan
(JC

/JG
)=

∆
−

arcsin( C
A

2−
C

G
2−

AG
2

2∗
C

G
∗

AG
)

[F12]

and rearranging the term
s results in the function for ∆:

∆
=

arctan(JC
/JG

)+arcsin( C
A

2−
C

G
2−

AG
2

2∗C
G

∗
AG

)
 

[F14]

U
sage w

ith other reference points
The reference point ‘C

’ in figure 10 is chosen as being the center of the U
SB. H

ow
-

ever, the form
ulas rem

ain the sam
e if the reference point is chosen elsew

here, for
exam

ple on the top of the U
SB or the point w

here the knife-jig rests on the U
SB, the

“contact point”. O
f course, different distances w

ill then change, but as long as the
rectangular angles rem

ain intact, the form
ulas rem

ain valid.
If the reference point ‘C

’ is chosen at the center of the knife-jig as in figure 1, then
the distance JC

 reduces to zero and form
ula F14 reduces then to form

ula F1.
As a consequence the tables in D

oc1, w
hich are related to form

ula F1, can also be
applied w

ith an offset JC
 if a correction is m

ade for the ‘offset-angle’ ∂k  in figure  10
w

hich equals the term
 arctan(JC

/JG
) in form

ula F14.
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m
icro-height-adjustm

ent of the universal support bar.
Angle ∂

k  can be derived from
 the expression 

tan(∂
k )=

JC
/JG

. H
ence ∂

k  equals:
∂

k =
arctan

(JC
/JG

)
[F7]

Angle α
1  can be derived w

ith the cosine rule as:

C
A

=√ (C
G

2+
AG

2−
2∗C

G
∗

AG
∗

cos(α
1 ))

w
hich can be sim

plified w
ith α

1 =
90°+α

2  to:

 
C

A
=√ (C

G
2+

AG
2+2∗C

G
∗

AG
∗

sin
(α

2 ))
[F8]

As ∆
=
α

2 +∂
k  this can be rew

ritten w
ith F7 to:

C
A

=√ C
G

2+AG
2+2∗

C
G
∗

AG
∗

sin
(∆

−
arctan(JC

/JG
))

[F9]

in w
hich:

C
G

=√ JC
2+JG

2
[F10]

A
djustm

ent of U
SB

 to stone distance
W

ith form
ula [F9] the correct position of the U

SB can be calculated for a certain
grinding angle ∆ at a fixed setting of the distance JG

. The Ken-jig [4] is an exam
ple

of such an application. It could also be useful for other equipm
ent parts:

•
the “Tool R

est” SVD
-110

•
the “Scissors jig” SVX-150

and not least:
•

the “H
om

em
ade Knife R

est” H
K-50 designed by H

erm
an Trivilano [12] .

These tools have in com
m

on that they are set up close to the stone w
ith a fixed dis-

tance to the U
SB and a certain offset JC

.
Instead of the distance C

A it is easier to m
easure the distance C

S to the stone, as
in the initial m

ethod:  C
S
=

C
A

−
A

G

A
djustm

ent of U
SB

 height
For Vadim

’s frontal vertical base the height of the U
SB can be calculated by apply-

ing the Pythagoras' theorem
 on the triangle ABC

 w
hich gives: B

C
=√ C

A
2−

BA
2

.

A
djustm

ent of knife jig
M

y favourite approach how
ever is to adjust the distance C

G
 via the adjustable stop

on the knife-jig w
ith a preset for the U

SB-param
eter C

A c.q. C
S. To this end, for-

m
ula F9 m

ust be converted to a form
ula for JG

 as a function of the param
eters.

H
ow

ever, I have not succeeded in developing a closed form
ula for this, because JG

is not only part of the arctan function but also part of the expression for the distance
C

G
. See form

ula F10.
As a consequence the knife-jig distance JG

 has to be chosen and then the U
SB-dis-

tance to the stone has to be adjusted according to form
ula F9. 

Another solution, though not exact, is given in chapter 6: “U
sage of existing tables”

on page 12.
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It w
ill be clear that only half the blade thickness has to be taken into account for

tw
o-sided 

grinding. 
Furtherm

ore 
this 

error 
is 

not 
present 

or 
negligible 

w
ith

sharpened blades. 

Error by incorrect reference point
Figure 7 is a schem

atic representation of the m
easur-

ing set-up of Figure 4. It show
s w

here the K and S
rulers rest on the U

S
B. Line K indicates the steel ruler

w
hich m

easures distance ‘K’ of Figure 1 and line S
refers to the distance ‘S’ to the stone, tow

ards the cen-
ter of the stone.
In this set-up the distances S and K are m

easured from
points S

t  and K
t  respectively. H

ow
ever, these distances

m
ust both be m

easured from
 point K

t  in order to get an
exact result from

 form
ula F1.

The distance betw
een Kt and St w

ill in norm
al circum

-
stances be a few

 m
illim

eters and thus cause a non-
negligible error in the stone distance. 

C
hanging the reference point for the stone distance

Both distances can be recalculated to a distance from
 the center of the U

SB. Both
line segm

ents together w
ith the radius to their tangent point form

 a rectangular tri-
angle  as displayed in Figure 8 in w

hich R
u  is the radius of the U

SB.
The hypotenuses of these triangles are the distances K

r  and S
r  w

ith their com
m

on

reference point on the center of the U
SB. The angle ∂

k  is the angular offset w
ith re-

spect to the original line segm
ent K and is the offset w

ith respect to the grinding
angle determ

ined by K
r  and S

r .

Figure 8: “R
eal” distances K

r  and S
r  as hypothenuse

of rectangular triangles

K
r , S

r

K
, S

R
u

∂k , ∂s

Figure 7: R
ulers K

 and S
touching the U

S
B

Blade thickness tb  (m
m

)
∆ (°)

1
2

3
4

5
6

10
5.7

11.3
17.0

22.7
28.4

34.0
15

3.7
7.5

11.2
14.9

18.7
22.4

20
2.7

5.5
8.2

11.0
13.7

16.5
25

2.1
4.3

6.4
8.6

10.7
12.9

30
1.7

3.5
5.2

6.9
8.7

10.4

Extension K
e  of jig-length as function of

blade thickness tb  and angle ∆

K
t

S
t

R
s

K

S
R

1
R

2U
SB
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M

ore m
ath for the adjustable knife-jig

So in principle the grinding angle could be determ
ined by applying the cosine rule

w
ith distances K

r  and S
r , but then the angle to be set m

ust be reduced by the offset
∂k . In addition, there is also an extra offset because the centerline of the jig is 6 m

m
above the U

SB.
Another reason to pay m

ore attention to the "offset" betw
een the jig and the U

SB
w

as the developm
ent of a robust attachm

ent of the knife-jig to the U
SB by forum

m
em

ber "cbw
x34". [11] .  I call it after the developer’s forum

-nam
e "cbw

x34-fix". It
is displayed in Figure 9.

Figure 9: the “cbw
x34-fix” on the

U
S

B
 and its m

ajor dim
ensions

©
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5.  G
rinding angle adjustm

ent for the “cbw
x34-fix”

In his m
ethod w

ith “the frontal vertical base” (Figure 2) “W
ootz” sets the U

SB-height
w

ith respect to the grinder-base. According to his inform
ation, the applet for the ad-

justm
ent takes the offset into account. As the m

ath behind this correction w
as not

published on the forum
, “cbw

x34” (C
urtis) contacted m

e for help on the adjustm
ent

of the jig in his “cbw
x34-fix”.

The adjustm
ent form

ula w
ill be derived w

ith reference to the follow
ing figure w

hich
is a schem

atic representation of the “cbw
x34-fix” as displayed in Figure 9.

The num
bering of the form

ulas is a continuation of the num
bering in D

oc1.
The angle ∆ is the grinding angle and equals 
Angle ∂

k  is adjustable via the length JG
 w

ith the adjustable stop of the knife-jig.
Angle α

2  equals 
α

2 =
α

1 −
90°

in w
hich α

1  is adjustable via the length BC
 w

ith the

Figure 10: S
chem

atic set-up of the "cbw
x34-fix"

A
= A

xis-center of stone
B

= B
ase-point for height m

easurem
ent of U

SB
C

= C
enter of U

SB (universal support bar)
G

= G
rinding edge

S = Stone Surface at intersection w
ith C

A
JC

 = Jig centerline offset to C

A
B

90°

∆

α
1

α
2 ∂
k

tangent

S
tone surface

●
● ●

●

●

C

G

J

S


