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Motivation

Imagination is more important than knowledge.

ALBERT EINSTEIN

Do not just pay attention to the words;
Instead pay attention to meaning behind the words.
But, do not just pay attention to meanings behind the words:

Instead pay attention to your deep experience of those meanings.

TENZIN GYATSO, THE 14TH DALAT LAMA|

By: Dinka T.



Chapter One

1. Transformations and Collineations

1.1 Preliminaries

Definition: Let X and Y be nonempty sets. Then. a mapping f fromXto Yis a
rule which assigns to every element xin X exactly one (unique) value f(x) m
Y. here. f(x)1s called the image of x under /. The set X 1s said to be the
domain of fand Y 1s the co-domain of 7. The set of all images of £ 1s called
range of f. In this definition of mappings. the word unique (exactly one)

refers to the 1dea of well definedness. A rule which assigns to every element n
the domain (in ") some value 1n the co domain (in Y') 1s said to be a mapping

if 1t 1s well defined. By: Dinka T. 4
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To show well-defined ness, it suffices to show that f(x)=y. f(x)=z=>y==z.
Notation: The mapping f from X to Yis denoted symbolically by /: X — 1.
Examples

1. Let g: R* — R be given by g(x.y) =(2x.3y). Show that g is a mapping.
Solution: Clearly gis a rule which assigns to each value in R* a value inR".
Now, let’s show that g 1s well-defined. Suppose g(x.v)=(a.h) A g(x.v) =(c.d)

Ly)=(ab)rg(x.y)=(e.d) = (2x.3y) =(a.D)n(2x.3y) =(c.d)
= 2x=a3y=br2x=c3y=d
Da=cnrb=d>=(a.b)=(c.[d)

This 1mplies that the 1mage of any pomnt (x.y)mR’ 1s unique and hence gis

well defined and 1t 1s a mapping.
By: Dinka T. 5
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2%, Let Z be set of mtegers. Consider the setS={xeZ: ‘x -1

<2}. Define
h:Z—S by h(x)=x".Is h amapping or not?

Solution: Here, S={xe Z: ‘x -1

<2f={xeZ:2<x-1<2}
={xeZ:-1<x<3}={-1.01.23}

As we see, x=-11s 1 S . But there 1s no integer in the domain such that

h(x)=-1. This means x =-1has no pre-image. Hence, / 1s not a mapping.
Definitions:
a) One-to-one (Injective) mapping: A mapping 7 : X — Y is said to be a one-
to-one (injective) mapping if and only if £ sends distinct elements of X i to
distinct elements of Y. This means x = y = f(x)= f(y). In other words, 71s

one to one if and only if f(x)= f(1) =x=1y.
By: Dinka T.
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b) Onto (Surjective) mapping: A mapping f:X — ¥ 1s said to be onro
mapping if and only if for every point yin ¥ . there exists an element x in X
such that

v=f(x). Or if the image of f 1s the whole of ¥. That 1s every element of ¥
has at least one pre-image in X .

¢) Bijective mapping: A mapping 1s said to be bijective if and only if 1t 1s both

one to one and onto mapping.

EXAMPLE
*Verify the whether the following mappings are injective, surjective or bijective
0) f RSB Evenby fey=0c-) B RSB fry)=0r-1y+)
() f:R B QVRNDY flx))=(r+pr-y)  4)f:R-F BVENDY fr)=e

By: Dinka T. 7
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Solution:
a) Assume f(x y) = f(z,w) for any two pomts (r y) and (zw)in g*. Then,
(2x, y-1)=(2z.w-1). But from equality of order pairs. this equality 1s true 1f and

only if {{21-:23 Dx=z y=wD (1) =Cw) So. f 1is one-to-one.
y-l=w-
1) Let (a.5)= &* be in the co-domain of f . Then. if 3(x.y) = &* in the domain of £,

such that f(x.y)=(a.b).then f1son fo.

But. f(x.1)=Qr.y-D)=(a.)=2x=a, y-l=b=>x= % y=b+1.Thus, we can find

(x.¥)= {%.b+1) e R* such that f(x.y) = f(%.f:wl) =(a.b). V(a.b) = R".

So f1s on to. Therefore, the given map 1s bijective.

By: Dinka T. 8
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Now, we are at the position to define transformation as follows.

Definition: Transformation 1s a one-to-one mapping from a set X onto itself.
In other words, the map f : X — X 1s said to be a transformation if and only 1if 1t
is one to one and onto. This means that for every point P the domain there 1s
a unique point Qsuch that f(P)=Qand conversely. for every point R i the

range there 1s a unique point S in the domain such that 7(S)=R.

o alpha
Transformation are denoted by Greek letters like p beta

Y gamma

6  delta

But, for the sake of simplicity we use letters for function like f, g, h
In Some cases.

By: Dinka T.
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Example: Verify the whether the following mappings are transformation or not.
a) g:R° >R’ givenbyg(x.y)=(x+y+Lx—y-1)
b) f:R* >R givenby f(x.y)=(x.x-v)
Solution:
a) 1) Assume g(x.y) = g(z.w) for any two points (x.y) and (zw)in z*. Then.
(x+y+lx—y-D)=(z+w+Lz—w—1).
But from equality of order pairs, this equality 1s true if and only 1f

Jrry+l=zewel i, y=w - This gives (xy)=(z.w) So. gis one-to-

x=y-l=z-w-1
one.
i1) Let (a.5)=R® be in the co-domain of g .Then. if 3(x y)=r* in the domam of

g . such that g(x.y)=(a.b). then g1s on to.
By: Dinka T. 10
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Equality of Transformations: Two transformations f and g on the same set

from Xto X are said to be equal if and only if they have the same value for

each xmn X. Thatis. f=g< f(x)=g(x). "xe X.

Examples:

l.Let fand g be transformations on R* given by f(x,y) = (2ax’ —3.4y) and
g(x.v)=(6x" +2b.4y).If f =g.find the constants @ andb .

Solution: By definition of equality.
f=g= fxy)=gxy).7(x.y) ek
= (2ax’ -3.4y)=(6x" +2b4y)
< 2ax -3=6x" +2b
= 2a=060-3=2bsa=3.b=-3/2

By: Dinka T.
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Properties of Transformation

Let f: X —>Y and g:¥ — Z be mappings. Then for eachxeX. f(x)=¥.
Thus. there exists y e ¥Fsuch that f(x)=y. Besides. as gis a mapping from
Yto Z for eachye¥. there exists zeZsuch thatg(y)=z. Thus.
g(y) =g(f(x)) =z which makes sense to write g( f(x)) as a mapping from X to
Z . This mapping 1s evaluated by applying f first on the elements of X
tollowed by g. This 1s defined as g- f(x)=g(f(x))for eachx X . So. the
mapping gof (" f follwed by ") 1s called the composition mapping. In such
cases. one has to remember that the range of the first mapping is a subset of the

domain of the second mapping.

In particular. composifion of transformation 1s defined as(g- f)(x) = g( f(x))

where f and g are transformations on the same set X

By: Dinka T.
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Proposition 1.1: Composition of mappings is associative
[fh:X—>Y.g:Y—>Zand f:Z—W are mappings. then the compositions
(feg)eh and fo(goh) represent the same mapping from X i to# . That 15
(fog)eh=fo(geoh). Particularly, (feg)oh=fo(goh)holds if f.g and }
are transformations on the same set X .

Proof: Since the domain of h1s X . by definition of composition of mappings

we can see that the domamn of (feg)ehis alsoX. Butf. the domam of
fo(geoh) 1s the same as the domain of geohand the domain of goh 15 X.

Hence. the domain of (f o g)chis the same as that of fo(goh). that1s. X

By: Dinka T.
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So. (feg)eh and f<(geoh) are mappings with the same domain.

Furthermore, for any x € X,

(fog)eh)x)=(fog)(h(x)) = f(g(h(x))).Txe X
Also.(fo(goh)(x) = f((goh)(x)) = f(g(h(x)).Vx = X

Hence. by definition of equality of mappings(feg)eh=fe(g<h).
Note: Composition of two fransformations need not be commutative. That 1s

even though both fog and go fexists and have the same domam and co-

domaim, fogandgo. f may not be equal.
Example: Let #(x.y)=(ax+83y-5)and g(x.y) = (Tx.4y+5)be the transformations.
It (g f)(x,y) = (14x+8.12y+23-b). then, find the constants aand b.

By: Dinka T.
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If (g f)(x.y)=(14x+8.12y + 23 -b). then. find the constants aand b.

Solution:
Here. (fog)(x.y)=(14x+812y+23-b)

= f(g(x.¥))=(14x+812y+23-Db)
= f(Tx4y+b)=(14x+812y+23-b)
= (Tax+812y+3b-5)=(14x+812y+23-Db)
= Tax+8=14x+8.12y+3b-5=12y+23-b
= Ta=14.3b-5=23-b
=a=2b=7

By: Dinka T.
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Proposition 1.2: The composition of transformations on the same set are again

transformations.

Proof: ILetf:X — X.g:X — Xbe any two transformations on setX. We
need to show that f o g1is also a transformation. That means we need to verify
that f-gi1s one to one and onto. By definition of composifion f=gis a
mapping from X intoX . To show fegis one to one. let xand y be arbitrary
elements of X such that £ - g(x)= f=g(y).

Then, fog(x)=f-g(y)= f(gx) = f(g(y) = g(x)=g(y) = x =y (because
both fand g are one to one). Thus. f - g1s one to one.

To show f-gis onto. let f be any element n X (considering X as co-domain

of f ). since f 1s onto there exists an element y in X ( in the domain) such that

fy)=t.
By: Dinka T.
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Again, g1s onto corresponding to the element yin X there is an element xin

X suchthat g(x)=y. Asaresult, (f°g)x)=f(g(x)=f(»)=t.

Thus. f - g1s onto. Hence. we have got that f - g 1s one to one and onto on the
set X . Therefore. fog 1s a transformation whenever fand gare
transformations on X

Definition: A transformation from a set X into X denoted by 7 1s said to be
identitv transformation if and only if i(x)=x, Vxe X .
Any two transformations f and g from X to X are said to be inverse of each
other if both g+ f and f - g are identity transformations.

That 1s (go f)(x)=(feg)(x)=i(x)=x, "x= X. then f1s called the mnverse of
gand gis called the inverse of f. We denote the inverse of a transformation f
by f'(Read as “the inverse of f " or f —inverse).

By: Dinka T.
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Finding Inverse of a transformation: Now let’s see how can we find the

mverse of transformations. Since every transformation f1s bijective. its
inverse denoted by f'always exists. But there is no hard and fast rule on how
to find £~ from the formula of /. Any way. one can use the following hints on
how to find f~'whenever the formula of f 1s given. Let f:5— Sbe a
transformation such that ¥ = f(X). Then. to find ™

Step-1: Interchange X and ¥ in the formula of f

Step-2: Solve for ¥ (for coordinates of ¥ ) m terms of X (coordmnates of X ).

Step-3: Equate f~(X)=7Y from¥ = f(X). That will be the formula of f~".

By: Dinka T. 18
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Example: Find the inverse of the transformation g:R* >R g(x.y)=(2x-Ly+59)

Step-1: Interchange coordinates of X and Y
eN=X=gzw=(xy)=2z-1Lw+5) =(x.y)
Step-2: Solve for coordmates of ¥ in terms of coordinates of X .That 1s

(2z—-Lw+5)=(x.y)=2z-1=x. 1i:+5=}'=b3=%+%. w=y-—35

Step-3: Equate the coordinates of ¥ obtained in step 2 with £~ (x. 7).

Hence. g (X)=Y =g (x.))=(z.w)= g~ (x.y) = (%-%-}' -3)

Thus. g(x.y)=2x-Ly+5 <= g7 (x.y) = (% + % .y=3)

By: Dinka T. 19
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Preposition 1.3: The mverse of a transformation 15 unique. Besides.
() =f

Proof: Let fbe a transformation whose inverses aregand . Thatis [~ =g
and f~ =h. Weneed toshowg=h. Here, " =g = fog=gof=iand
fr=h=foh=hof=i. But. g=icg=(hof)og=ho(fog)=hoi=h
(Because composition 15 associative as well as g and hare mverses of f ).

From this we can conclude that the mverse of a transformation 1 unique.

By: Dinka T. 20
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Preposition 1.4: The inverse of a transformation 1s again a transformation.

Proof: Let f:X — X be any transformation on set X . Then. f " also exists as

. . . - -1 .
f 15 byjective. Now, we need to show f 15 also a transformation.

(i) One-to-ones: Let aand bbe arbitrary elements m.X . Smce f1s byective,

there exists unique x. ye X. 3 f(x)=a. f(y)=5.
But, f(x)=a. f())=b=>x=f"(a). y=f7(b).
Now, assume that £~ (a)=f(b)

But, f(a)=f"b)=x=y=>f(x)=f(y») =a=b

Thus, f~(a)=f"(b)=a=b.Hence, f~ is one to one.

By: Dinka T.
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(i) Onto ness: Let x be arbifrary element n X . Since f1s onto. f(x) = X . so.
for every xe X, If(x)e X, 3 f(f(x))=x. Hence, f is onto. Therefore, from
(f)and (i) . whenever f is a transformation on set X andsois [~

Proposition 1.5: (Reverse Law of Inverse)

For any two transformations fandg. (fog) =g~ o f ™.

Definition: Let /: S — I'be a mapping. Then. a point x; €S (in the domain of
f)1s said to be a fixed pomt of f1f and onlyif f(x,)=x,. Generally. the set of

fixed pomnts of a mapping f 1s the set given by §'={x: f(x)=x}.

By: Dinka T.
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Involution: A non-identity transformation @ 1s said to be an involution if and
only if &® = o =i. That means &’ (x) = (a o a)(x)=a(a(x)) =i(x)=x forall

111 the domain of « .

Examples: Verify whether the following transformations are involution or not.
a) B:R— Rgven by f(x)=1-x

bYh:R* =R, h(x.y)=(-x+7-y-2)

¢)a:R— R gven by a(x)=x+3

d)g:R* >R, gx.y)=(x-3.y+5)

Solution:

a) f*(x) = fe f(x) = f(B(x)) = B1l-x) =x=i(x) = f* =i.

So. f1s an mvolution.
By: Dinka T. 23
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b) h*(x.y) =h(h(x.y) =h(-x +T=y-2) = (x.¥) =i(x.y) =2 h" =1.
So. h1s an involution.

¢) &' (0)=ala(x) =a(x+3)=x+6#x=i(x) > a” #i = « is not an involution .

d) g*(x.y)=g(g(x.y) = g(x-3,y+5) = (x=6.7+10) 2 (x.y) =i(x.y) D g" #i.

Hence. g 1s not an mvolution.

By: Dinka T.
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Definition: A transformation f1s said to be a collineation 1f and only 1f the
image of any line Junder f1s agaimn a line. In other words. for any point Pel
the image f(P)< f(I). Further more: f1s said to be a dilatation if and only 1f
the image of any line Junder f1is a line parallel to /. That 1s £(7)//] whenever
f 1s a collineation then f 1s said to be a dilatation.

Examples:

l. Leta:R* — R be given by a(x. y)=(x+Ly-2). Show that ¢ 1s a dilatation.
Solution: First let’s show that o 1s a fransformation. But. to show that o 1s a

transformation. we need to show that 1t 1s one to one and onto.

By: Dinka T.
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One- to- one: Assume o(x,y)=a(z.w) for any two pomts (r.y) and (zwyin g,
Then. (x+1Ly-2)=(z+Lw-2). But from equality of order pairs. this equality 1s
true if and only 1f x+1=z+1 andy-2=w-2. This gives x=z and y=w wluch
implies (x.y)=(z.w). S0. & 15 one-to-one.

On to ness: Let (a.5)=&* be in the co-domain of @ Then. if 3(x.y)=&* i the
domain of ¢ . such that «(x, y) =(a.0). then & 1s on to. But,
alx.y)=(x+Ly-D=(a.b)=x+l=a, y-2=b=x=a-1 y=b+2 Thus. we can find
(x.»)=(a-1b+2)=R* such thata(x.y)=(a.b). So @1s onto. Therefore, the given
map « 1s a transformation. To show that & 1s a collineation we need to show

the image of an arbitrary line /: ax +by +¢=01s agai a line.

By: Dinka T.
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Let (x,y)be any pownt on /. Then, the image (x'.y")=a(x.y)=(x+1ly-2).
Solving this for xand ywe get x=x'-1 y=y'+2. So.the image line will be
I"a(x'-1)+b(y'+2) +c= 0= ax'+hy'+2b + ¢ —a =0 and this 1s equation of a line.
Hence we can say that «1s a collineation. Besides. [' has the same slope to

that of /which means ['1s parallel to /. In other words. /// «(I). Therefore. @ 1s

a dilatation.

Exercise: Leta:R* >R’ be given by g(x. y)=(-yx+1). Then, find
a) The image of the Ime /: x+3y=6undere .

b) The pre- image of the line /: 2x+y+3=0underc .

By: Dinka T.
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Remarks:

1. The mam difference between collmeation and dilatation 1s that any
collmeation maps a pair of parallel lines to a pair of parallel line but a dilatation
maps every lme to a lme parallel to the given lme. This means a transformation

o1s a collmeation 1f and only 1f for any two lmes mand n.
m/l/n=a(m)/ a(n). A transformation ¢ 1s a dilatation 1f and only 1f for any
lme m, m/ a(m).

2.1t a(x.y) = (x'.y")Where x'=ax+by+h. v'=cx +dv + &, then the necessary
and sufficient conditions on the coefficients of xand y such that o to be a

transformation 1s that ad —bc = 0.(This 15 known as transformation test).
By: Dinka T. 28
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Examples:

1. Definer: R? = R* bY a(x.v)) =(-y.x). Show that ¢ 15 a collineation but not

a dilatation.
Solution: Clearly. « 1s a transformation. Besides. for any two arbitrary parallel

lines m:ax+by+c=0and n:ax+by+k=0(Parallel lines differ by a constant).

m'=ca(m):ay-bx+c=0, n'=a(n)=ay-bx+k=0. Still. m'and n'have the
same slope which means they are parallel. ie m// n= a(m)/ a(n). Thus. e 1s a
collineation. But. 1f we consider only the single line m:ax+by+ec=0
separately, m'= a(m):ay—bx+c=0. In this case. slope of line mis —£while
that of m' is 2which gives the product of their slope is —1. This means
iem L oa(m)=m.In other words. mand a(m)=m'are not parallel lines.
Particularly. take the lmne m:6x-2y+5=0. Then. its image wnder «1is

a(m)=m":2x+6y+5=0. Consequently. «1s a collineation but not a dilatation. N
By: Dinka T.
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Examples of Transformation Groups

Definition: Let G be the set of all transformations on a non empty setS. Then
the system (G.<)1s said to be a transformation group 1f and only if the following

conditions are satistied:
1) Forall f.gmG. gof15mG.
ii) Forall finG,3g=G>feg=gof=i anddenotedby /" =g
ut) Forall finG. 3ieGs foi=icf=71.

Examples

l.Let f,:R— Rbedetined by f ,(x)=ax+b.a=0.

LetG={f,/a.beR.a=0}. Show that (G.c)forms a transformation group.

By: Dinka T. 30
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Theorem 1.1 ( Test for a transformation groups):
Let Gbe a nonempty set of transformations on a set S. Then, G with
composifion 15 a transformation group 1f and only 1f the following conditions
are satisfied:

a) feG=f"eG, <G

b)f.ecG=fogeG Tf.geG
Proof: Suppose (G.e)1s a transformation group. We need to show condifions

(a)and (b)hold true. Since (G.o)1s a transformation group, from the definition
¥f,g=G. " €G and f-g=G whish implies that conditions (a)and (b) are
true. Conversely, suppose conditions (a)and (b)hold true. We need to show

(G.e) 13 a transformation group.

By: Dinka T. 31
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i) Existence of Inverse: SmceG=®, 3f=G but 7feG. [ eG from
condition (g). So. G confains mverse transformation.

ii) Closure property: From condition (5). f.gcG= fog=G. Vf.gG

jii) Existence of Identity: wf=G. [~ eG from condition(s) and from
condition (), f~ofeGand fof " €G.

But, f"of=icGand fof"=i€G.

Thus. G contams 1dentity transformation. Therefore, by defimition, (G.e)forms

a transformation group.

By: Dinka T. 32
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Example: Let f :R =R f.(x.y)=(2a-x.y). VacR suchthatG={f :VacR}.

Using criteria of transformation group. determine whether (G.c)1s
transformation group or not,
Solution: For any f, €G. f,(x.y)=(2a-x.y). Fiust of all. we need to show
that every element of G 1s transformation.
Now suppose. [, (x.v)=f,(z.w).

f,(xy)=f (zw)=(2a-xy)=(2a-z.w)

=la-x=2a-z.y=w

=x=z.y=w=(x.y)=(z.w)

This shows that each f,is one to one.

By: Dinka T. 33
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Besides. to each (z.w)<=R’(in the co-domain). I(x.y)=(2a-z.w)=R’ such
that f (x.y)=f, (2a—z.w) =(z.w).

So. each f 1s also onto.

Therefore. from these explanations every element of G is a transformation.
Forany f, €G.

f.x=Qa-xy)=f(xy)=QRa-xy)=f'=f, = f" G.
But for any two elements f,. f, €G.

foofix.)=f 2b-x.y)=(x+2a-2b.y)= f,(x.¥).VreR= f o f, 2G.

This means the second condition of the above theorem (test for a

transformation group) fails.

As aresult. (G.e)does not form transformation group.

By: Dinka T.
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Theorem 1.2 (Cancellation Laws on Transformation Groups):

Let G be a transformation group. Then. for @. .o m G
a) gofi=aoo= f=c (Thsis called Left Cancellation Law)
b) acf=0°p= a=0c(Ths s called Right Cancellation Law)
Proof: Let G be a transformation group. Then, for . .o m G
a) aofi=aoc=a o(aef)=a"o(aoc)> f=0
b) aof=cof=(acf)of=(cof)of 2a=0
Theorem 1.3: In any transformation group G . for any «. # m G . the equation
a oo = A has a unique solution for ¢ in G which is given bya=¢" 0 §.

By: Dinka T. 35
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Proof: For o. f nG. ¢oc=f=a " o(aec)=a" o f2c=0"2fcG
Hence. the equation has a solution G . For the uniqueness of this solution.
assume there are two different solutions say o, 6. then

aoc=f. acf=f=ac0=a-0=c=0(byLett cancellation)

Example: Let (G.o) be a transformation group such that ¢, .o m G . If
a(x.y)=(3-x5-y).B(x.y)=(3-2x5-3y). Find ¢ such that zoo =
Solution: By the above theorem. @ec = £ has a unique solution for ¢ mn G
whichis given by o=a o .

By: Dinka T. 36
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But after some ups and downs we get o ' (x.¥) =(3-x.5-).

Therefore, o(x. V) =a ™ o B(x.¥v) =~ (B(x. V)
— o (3-2x.5-3)) = (2x.3y)

By: Dinka T.
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Review Problems on Chapter One

Which of the mappings defined on the Cartesian plane by the equations below are
transformations?

a(x, 1) = (07, Px, p) = (cosx,siny),  p((x,p) = (xF = x,p),

o(x, ) = 2x,3y),  a(x,») = (=x, x4+ 3),  nllx,y) =3By, x + 2),
pl(x, ))) = {{ﬁ*"}* '), a((x, ) = (—x, =), ((x, ) = (x+ 2,y = 3).

Which of the transformations in the exercise above are collineations? For each
collineation, find the image of the line with equation aX + bY + ¢ = 0,

Without looking back in the text, write in your own words definitions for trans-
formation and collineation. Then compare to see whether your definitions are
equivalent to those in the text,

Find the image of the line with equation ¥ = 5X + 7 under collineation « if
((x, ) 1s:
@ (=x, 0, (b) (x, =)),  (€) (=x,=y), () @y —x,x—2)

By: Dinka T. 38



Review Problems on Chapter One

1.5. Fill the following table with yes or No

a(x, ) | UxbIpD ] (% @) [(x* = X2, ) [,y [ (072, 20) [ (x/2, y/2) | (x = 2, 39) | (—y, —X)

as 1-1

& is onto

® 1s a trans-
formation

o5 a

collineation

Find the preimage of the line with equation ¥ = 3X + 2 under the collineation

1.6. a where a((x, ¥)) = (3y, x — y).

Show the lines with equations aX + bY + ¢ =0 and dX + eV + f =0 are
L.7. parallel iff ae — bd = 0 and are perpendicular iff ad + be = 0.

By: Dinka T.
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Review Problems on Chapter One

1.8. Find the order of the following tranformations.
1. (z,y) = (y,2) ;

2 (2,y) e (<2 420,y +20)

3. (2,9)— (e +V3y), 3Bz —y)).

1.9, Consider the group Uy = {¢,00,0n, 0y}, where

(z,y) = (2,9), oollz,y)=(-z,-y),
on((z,y)) = (z,-y), oul(z,y)) = (-2,Y).

By: Dinka T.

40



Review Problems on Chapter One

Show that: 1. It forms abelian group
1. Every element except identity is involution

1.10. Prove that if e, 4, and 7 are elements in a group, then

(a) fa = v implies 3 = ;
(b) fa = [(Fv implies o = 7 ;
(c) B =« implies 3 =1 ;
(d) Ba = 3 implies a = ;

() Ba =t implies f=0a"! and a =g

By: Dinka T.
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Review Problems on Chapter One

111 Find all @ and b such that the transformation

15 an involution.
.

(. y) — (ay- E)

1.12. Suppose . 3, o are transformation such that ¢ «o(X) = S(X) where

a(x.y)=(-y.x)and B(x.y)=(1-x~y-10). Find equation of 7.

1.13. Let @. £. o be elements of a transformation group G such that
aoo(x.y) = B(x.v). ¥(x.v) € R where a(x.y) = (-3y.2x +1) and

B(x.¥)=(9y.4x +1). Find the equation of & .

By: Dinka T.
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