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interfacg warnlevet0) : # Maple 12
with( LinearAlgebrg :
with( plots) :

This worksheet illustrates the Givens Rotatios

Let V represent a vector in 3D and the magnitude of vector V

V:=Vecto([[2, 6,— 3]11); r:=v V[1P + V[2] + V[3];
vl:=arrow(V, color=black ):
display [ v1, axes= normal
scaling= constrained orientation= [56, 70], tickmarks= [4, 4, 4]);




out during this process and the resulting vector &s in the x-z plane.

> a:=V[1]:b:=V[2]:
r:=+ a’ + b’ :c:=% 1SI= —

b .
r
G1:=simplify Matrix[[ s 0], [ —sc], [0,0,1]]));

110 /0 -2 /10 o
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Gl:= 3 1
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> V3:=Multiply(G1 V);
v3:= arrow( V3 color =green axes=normal
scaling= constrained orientation=[26, 86]) :
vl:=arrow(V, color="LightGray", axes=normal

display( [ viv3]);
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> r3:= V3[1]7 + V3[2]? + V3[3]*:

r3:=7

scaling= constrained orientation= [56, 70], tickmarks=[4, 4, 4]) :

[ Notice that the rotated vector, V3 in green, now liesin the x-z plane and the magnitude has not changed

We can rotate about the z-axis and this 2D rotatin takes place in the x-y plane. The y-component keroed-
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zeroed-out during this process and the resulting \@or now lies along the x-axis

> a:=V3[1]:b:=V3[3]:
r:=+ a2—|—b2 :c:=% :s:=£:

r
G2:=simplify Matrix [[ GO, s], [0,1,0],[ —s 0,c]]));

2 3
= J10 0 =
G2:= 0 1 0
3 2
= = J10

> V4:= Multiply(G2 V3);
v4 = arrow(V4, color =blug axes=normal
scaling= constrained orientation= [ 26, 86]) :
v3:=arrow(V3 color ="LightGray", axes= normal
scaling= constrained orientation= [ 26, 86]) :
display([ viv4,v3 1);

V4:
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> r4:= VA[1]? + VA[ 2 + V4[3T*:

r4:=7

ENoti ce the rotated vector, V4 in blue, now lies along the x-axis; no change in magnitude.

'Now we rotate about the y-axis and this time th2D rotation takes place in the x-z plane. The z-coponent is
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This procedure shows the incremental rotations.
GetRotY, r, zpos, step
V is the vector
r componentof V which is not rotated to zero
however, used to construct the Givens matrix.
zposcomponent of V which is rotated to zero.
stepsincrement of rotation

:> GetRot := proc(V, 1, zpos step)
locd i, RotM, 0, x,v, Lv,S S

Lv:i=[1];
0 := evalf[arccos( Vir] ]]
J VIrP? + V[ zpog?
if evalf(V[zpos]) > Othen
S:=41;
else
S=-1;
endif;

if zpos= 2then
RotM := x—Matrix([[cos(X), S sin(x), 0], [ — S-sin(x), cos(x), 0], [0, 0, 11]);
else
RotM :=x — Matrix([[cos(x),0,S-sin(x)],[0,1,0],[ —S- sin(x), 0, cos(x) 1]);
endif ;
__6 .
step '’
for i from Obysto6 do
v := Multiply (RotM (i), V);
Lv:=[op(Lv),V];
enddo;
return Lv;
endproc:

S:

:> Lvl:=GetRot V1, 2, 8) : Svl:=arrow(Lv]l, color=gray, axes=boxedorientation=1[23, 84]) :
display([ Sv1vy, v3]);




> Lv2:= GetRot V31, 3,4) : Sv2:= arrow(Lv2 color=gray, axes=boxedorientation=[23, 84]) :
display([ Sv1Sv2v3 v4, v1]);

The Givens' Rotation using Maple's built-in procedue GivensRotationMatrix( ).
> V2:=Vecto([[1, 2, 3,4]]);

V2= )]
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We shall zero-out the second component of V2aving the third and fourth components unchanged. ikst we
| obtain the Givens' Matrix, then we multipy. There is no change in magnitude.

> G := GivensRotationMatrik V2, 2); \(3:: Multiply (G, V2);
L3 27500
5 5

G:= é J5 é J5 00

0 10
0 01
/5
va==| © 6)
3
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> r2:= VectorNorni V22); r3 := VectorNorni V32); # Using Maple's VectorNorm() procedure
r2:= 30
r3:= 30 (7




We can also use the Given's operation to zero-ouhalement of a matrix. We assume that each column
of the matrix represents a vector. Thus using ouprevious Given's matrix, we shall zero-out the secm
element of the first column.

:> M1:= Matrix([[1, 2,4,5], [2,3,4,5],[3,7,8,9],[4,5,6,7]]);

(1245
2345
M1:= (8)

37809

4 567

:> M2 := Multiply (G, M1);

5 25 2 5sys

M2:=| O éﬁgﬁ -5 )
3

| Notice the length or magnitude of the column has not changed
> rl:=VectorNorni Columa M), 2); r2 := VectorNorniColumn(M2, 1), 2);

rl1:=/30
i r2:=J30 (10)

We can determine the Givens matrix using our paramters, c, s, and r. Since we are zeroing-out the
second component of the first column and leavinidpe third and fourth components unchanged, our
| parameters are:

> a:=V2[1]:b:=V2[2]:

re=ya +b :c::% :s:=% :
> Gm:= Matrix([[c,s 0,0], [—s¢0,0],[0,0,1,0],[0,0,0,1]]);

éﬁ gﬁoo

2 1
Gm:= ‘gﬁgﬁoo (11)




Now let's zero-out the third componerf the second column of matrix M1; we are leaving
the second and fourth components unchged.

:> G2:= GivensRotationMatrik Colunin M2), 1, 3);

-, , _
3 VB3 0 o7 VB3 0
0 1 0 0
G2:= (12)

7 2
53 V53 0 53 V53 0

0 0 0 1

> M4:=simplifyl Multiply{ G2M1));

23 64 73 '
3 J53 /53 e3 J53 e J53

2 3 4 5
M4 = 1 1 17 (13)
—a \/ﬁ 0 —a \/ﬁ —a \/ﬁ
4 5 6 7

Using our parameters, c, s, and r. We are zeroingdb the third component of the second column and ledng
the second and fourth components unchanged, our pameters are:

> a:=Column M12)[1]:b:=Column M12)[3]:r:=+ a’+b?:c:= " 1Si= =
:> Gm:= Matrix([[c, 0, s0],[0,1,0,0],[—s0,c,0],[0,0,0,11]);

o, . ]
53 Vb3 O 53 V53 0
0 1 0 0
Gm:= ; ) (14)
- g V53 0 g v53 0

0 0 0 1

> Multiply(Gm M1): _
23 64 73
S VB VB VB o /5
2 3 4 5

1 12 17
" 53 v53 O " 53 Vv 53 " 53 v 53

4 5 6 7

(15)




L components unchanged.

1

> G3:= GivensRotationMatrix Column M3), 2, 4);

0

0

0

2 3
0 13 v13 0 13 Vv 13

In our last example, we shall zero-out the fodln component of the third column, leaving the firstand third

G3:= (16)
0 0 1 0
0-2 /I3 0 -2 /13
13 13
> M5:= simplify( Multiplyt G3M1));
1 2 4 5
B 13 2 13,13 3L 13
13 13 13
M5 = (17)
3 7 8 9
2 13 Ltyam oo -l o1
13 13 13

Using our parameters, c, s, and r. We are zeroingub the fourth component of the third column and leaing

| the first and third components unchanged, our paraeters are:
> a:=Column M13)[2]:b:=Column M13)[4]:r:=V a’+b°:c:= % 'S
> G4:= Matrix([[1,0, 0, 0], [O, ¢, O,s], [0, 0, 1, 0], [0, —s O, c]]);

1 0 0 0
0 2 V13 0 3 V13
13 13
G4:= (18)
0 0 1 0
0 -3 V13 0 2 V13
13 13
> M6:= Multiply(G4, M1);
1 2 4 5
16 Vv 13 21 V13 2 V13 3L Vv 13
13 13 13
M6 := (19)
3 7 8 9
2 3 Ly oo -L o
13 13 13
> VectorNorng Colump M4), 2); VectorNorng Columf M@l), 2); # no change in magnitude
6 V5
6 V5 (20)



