
 

Unit Quaternions and Rotations in 1133

The d let r be a unit quaternion let R

be a transformation of R3 defiedBY
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where af is a pure quaternion

Then R is a rotation of a 3 doin l space

of pure quaternions about
an ax is passing thro

the origin
Cli's specifically if the polar form of
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where u is a pureunitquaternion

Then Rf is the pure quatermain
obtained by

rotating q about u by theanglezI
Every rotation of 3 doin'l space

about anaxis
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Ru is pure quaternion

and u is fixed point of R
And immediately we have Rau U

the axis in the direction of U is

fixed by R ru

Case q is perpendicular
to u l

In this case
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Note that u f are pure quaternions

Uf U g t Uxq

Uxq since u tf u f o

Ug is also a pure quaternion
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Rq 20 got sin20 Ug
is the rotation of g thro an angle of
20 about the axis in the direction of U
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Case Generalparequaternions

Note that R is a linear transformation
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Similarly a rotation in IRS is also his ear



Denote the rotation thro an angle of 20
about the axis of U

Then any purequaternion p can be written as
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teomty SolidGeometry

Euclidean Solid Geometry

Def let TV L v xity j t z k x y z EIR ft

betheset ofpurequaternions and

IR F TV TV Tv rvr t b

ysane unit quaternion r and

pure quaternion
b

be a set of transformations
Euclideantransformations
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The pair CTVHR models Euclidean Solid Geometry

that this is well defined i.e elements

in HR are really invertible transformations on TI
and HR satisfies the 3 requirements



Screwmotions

If r of t Usui f U pureunitquaternion

b parallel to U

then TK r v r t b d
is called a IIb
screw motion 1

thou Every Euclidean transformation is a screw

motion but centered at different point

temmat Every Euclidean transformation with

a fixedpoint is a rotation
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b o Tv rvr is a rotation

I If q is a fixed point let S be a

Euclideantransformation such that Sq o
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Tis a rotation about an axis

passing thro f
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If U and b are perpendicular Tun T is

a rotation about an axis parallel to u
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Ub is pure quaternion

Then ptub cosotus.int Ub
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steps Vo is a fixed point of 1
and hence f is a rotation by louamat
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Fuialstep e Rotation axis parallel to U

PI Need to show that
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let TV FVr tb tr oso tusui.cl
b pure quaternion

Decompose b b tbz such that
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T T
rotationwith axb.bz translation
parallel to a parallel toll

by lemma 2

Hence T is a screw motion by definition


