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Z1=Z>2
=1
y.=0
z1=0
x, = cos(a)
¥, = —sin(a)
Zz,=0
X3 = cos(a) cos(B)
.y3 = —sin(a)
z3 = sin(B) cos(a)
x, = cos(a) cos(B + ¥)
v, = —sin(a)
z, = sin(B + y) cos(a)
X =0
Yy =1
z,=0
x, = sin(a)
.y, = cos(a)
Z; =0
.x3 = sin(a) cos(B)
Y3 = cos(a)
.Z3 = sin(a) sin(B)
. %, = sin(a) cos(B + y)
.y, = cos(a)
z, = sin(a) sin(B + y)
x; =0
vy, =0
z; =1
X, =0
Y, =0
Z; =1
X3 = —sin(p)

—
X2
s
Z4
Z_>
3
/ —
Bz
— S —
Vo=Y3=V4
71.y; =0

71.23 = cos(B)
Z1. %4 = —sin(B + y)

Z1.7.=0
z1.z4 = cos(f + y)
X,.%x, = cos(a)
X,.y; = sin(a)
X,.2, =0

X% =1

X9, =0

Xp.2, =0
X;.%3 = cos(p)
X593 =0
X;.23 = sin(B)
X;.%q = cos(B + y)
XY, =0
X374 = sin(B + y)
¥..%; = —sin(a)
Y,.y1 = cos(a)
Y.z, =0
Yp. %3 =0

Yoy, =1

Y22, =0

Yp.%3 =0

Yo y3 =1

Y223 =0

Yp.%q =0
Y2 Va =1

Y22y =0
Z. %, =0
Z.9,.=0

Z;.7z;=1

2;.%, =0

Z;.9; =0

Z7.2, =1

Z3.X3 = —sin(B)
Z;.93=0

Z3.23 = cos(f)

Z;. X4 = —sin(B + y)
2.9, =0

73.24 = cos(B + y)
X3.x; = cos(a) cos(B)
X3.y; = sin(a) cos(B)
X3.7{ = —sin(p)
x3.%; = cos(p)

X3.5, =0

X3.Z; = —sin(B)
X3.%3 = 1

X3.Y3 =0

X3.23=0

X3.%4 = cos(y)

X3.Y4 =10

X3.24 = sin(y)
V3. %, = — sin(a)
¥s.y; = cos(a)
Y3.21 =

y3.%; =0
y3.y2 =1
Y32, =0
y3.%3 =0
y3.¥3 =1
Y323 =0
Y3.%, =0
Y3.Y4=1
V324 =0

Z3. %, = sin(B) cos(a)
Z3.y, = sin(a) sin(B)
73.71 = cos(B)
73.%; = sin(B)
73.9; =0
Z3.2; = cos(f)
Z3.%3 =0
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—
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—
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=
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—
WZz =

—
Xy
—
Ya
=
-Z4_
Xy
V1
i
-Zl
—
.xz
Y2
it
-Zz
3
Y3
Z3

=0

=1

= —sin(y)

=0

= cos(y)

= cos(a) cos(B + y)
= sin(a) cos(B + )
=—sin(f + y)
=cos(B + y)

=0

—sin(B + y)

= cos(y)

SO R OO R OO

= sin(B + y) cos(a)
= sin(a) sin(B + y)
=cos(B+ v)
=sin(f + y)

=0

=cos(f + y)

= sin(y)

=0

= cos(y)

— —
Z4.X4_ = O
- — __

Z4.Y4, =0
Zoze=1



XLAX =
XAy =7
X ANZ=—Y]
X, Ax, = sin(a) .z,
X, ANy, = cos(a).z;
X(NZ;=—Y{
X, Ax3 = sin(B).y; + sin(a) cos(B).z;
X, Ays = cos(a).z;
X, AZz = —cos(B).y; + sin(a)sin(B).z;
X, Axg =sin(f + y) cos(a) .y,
+ sin(a) .z,
X, Ay, = cos(a).z;
X, ANzg = —sin(a) . x;
—cos(a)cos(B+ ¥) .y,
J/1/\x_)1=__)z_1)
YiAyL =0
VINZL =%
yiAX, = —cos(a).z;
YL Ay, = sin(a).z;
VINZ; =%
1 Ax3 = sin(a) sin(B) .y; — cos(a).z;
yi Ay; = sin(a).z;
Y1 AZz = cos(B).x; —sin(B) cos(a).z,
yi AXg = sin(@) sin(B + y).y,
—cos(a).z,
YL Ay, = sin(a).z;
Vi AZg = cos(a). X,
—sin(a) cos(B + y) .y,
LAY =]
ZINYL ==X
Z1ANZ; =0
ZINX; =Y,
ZIANY; =—X;
ZAZ;=0
z; Ax3 = cos(f) .y
ZINYs=—%;
Z1 N 73 = sin(B).y;
Zi Axg =cos(f + v).¥;
ZINYL=—X;
Zi N7y =sin(B+ y).¥y;

X, Ax;
X2 AYy1
X, AZ;
X, A X,
— —_—
Xa Ny
X, N7,
X, ANx3
— —_—
X2 Nys3
X, ANZ3
X, ANxXg

X; NYs =

X; NZy
Y2 A%y
Y2 NYi
Y2 NZ{
Y2 A%,
Y2 Y2
Y2 NZz
Yz A X3
Y2 NY3
Y2 NZ3
Y2 N Xy

Y2 AYa

YaNZy =
Z;ANX =
—_— , —

Z Ny, =

Z; NZ]

Z; NX; =
Zy Ny, =

Z; N3
Z; AX3
Z N3
Z; NZ3
Z; NX4
Z3 Ny,
Z; N7y
X3 AX;
X3 Ay
X3 AZy
X3 A X,

= —sin(a) .z,

= cos(a) .z,
==Y

=0

=7

==Y

= sin(8). 7

= —cos(B).y,
=sin(f + 7).y,
2z
=—cos(B+ v).y;
—cos(a).z;
—sin(a).z;

— X

=0

= cos(h). ¥z
=—X,

= sin(B).y;
=cos(B+ 7). ¥z

=—x,

sin(B + ).y,

= —sin(B).y; —sin(a) cos(B).z;
= sin(B).x; + cos(a) cos(B).z;
= —cos(B).y,

= —sin(B).y,

X3 Ny,
X3 N7,
X3 N X3
X3 \Y3
X3 NZ3
X3 NXg
X3 NYy
X3 NZg
— —
Y3 Axq
Y3 Ay,
Y3 A zq

ViANX; =

Y3 AY2
Y3 AZy
Y3 AX3
Y3 Y3

Y3 AZ3 =
Vs A Xy =
Y3 AYi=
Zz NXy =

Z3 NYy1
Z3 N7,
Z3 A X,
27
Z3 N7,
Z3 A X3
2
73 N73
Z3 N Xy
Z3 \Ys
Z3 N7y
Xy AX]
Xz AY1
Xy N7y
Xz NX;
Xz NY;
Xy N2,

=73

= —cos(B).y,
=0

=73

==y

= sin().y,
=—cos(y).y,
—cos(a) .z,
= —sin(a) .z,
=X;

cos(B).y, — sin(a)sin(B).z;
= —cos(B).x; + sin(B) cos(a).z;
= —sin(B) .y,
= cos_(),B) Yy
= —sin(B) .y,
= E’_)
=0
= COS_Q/) V2
=sin(y) .y,
= —sin(B + y) cos(a) .y,
—sin(a) .z,
= —sin(a)sin(B + y) .y,
+ cos(a) .z,
=—cos(B+ V).V
= ;sin(ﬁ +v).y;

=—cos(B+ y).y;

X3 AXx3 = —sin(y).y;
Xy NY3 =24
X3 Az3 = —cos(y).y;
X, A%, =0
Xy NYi =174
X4 NZ3=—Y;
Yo Ax] = —cos(a).z;
Ya Ay, = —sin(a) .z]
VaNZ{ =X;
}747\@=:Z_f
Vi NYz =
VaNZ3 =%
VAT = -7
Vi NY3 =
YaNZ3 =23
ﬁAE’::Z
Yo N =
Vo NZg = X4
Zs AX; = sin(a) . x,

+ cos(a) cos(B + v) .y,
Za Ny = —cos(a) . X,

+ sin(a) cos(B + ¥) .y,
Za N7y = —sin(B + v).¥;
ZgNX; =cos(B+ ¥).¥2
ZL Ny, = — X4
ZyNZ; = —sin(B+ y) .y,
Zy N X3 = cos(y).y;
Zy Y3 =—X4
Zy N2z = —sin(y).y;
ZLANX, =Y
ZgNYs =~ X,
ZaNZ; =0
Attention: pour les produits vectoriels

nécessitant une projection, deux résultats
sont valident suivant que l'on projette le
premier ou le second vecteur.



