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Al raic manipulation

Expansion
_> expand ( (a+b) *2) ;
A +2ab+b
_> expand ( (a-b) *2) ;
> —2ab+b
_> expand ( (a-b) * (a+b)) ;
2 52
a —b
_> factor (%) ;
(a—0>b) (a+b)

> (exp(lambda*x) *sin (omega*x) + kappa*cos (omega*x))*2;
2
(" sin(®x) +xcos(wx) )

> expand (%) ;

2
() sin(wx)2+2e7‘xsin(wx) K cos(®x) 4 cos(cox)2

Difference of squares

> expand ( (w+x+y+z) *2 - (w+x+y)*2);
22w+2xz+2yz+22

> 100000072 - 99999972;

1999999

The Cauchy-Schwartz inequality

The Cauchy-Schwartz inequality says that for any real numbers u, v, w, x, y, z we have
(xu —i—yv—l—zw)2 < (x2 —|—y2 +22) (u2 +° +w2).
In fact we have

(1.1)

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)

2.1)

2.2)

(x2+y2+22) (u2+v2+w2) = (xu—l—yv—l—zw)z—l— (xv—yu)2+ (yw—zv)2+ (zu—wx)2

=(xutyv+tz w)2 + some extra, positive terms.

To check this, we give names to the various terms:



A = (x*2+y*2+4z72) * (ur2+vr2+wh2);
4= (x2+y2+22) (i +V* +w?)
B := (x*uty*v+z*w)*2;
B = (xu—i—yv—l—zw)2

C := (x*v-y*u)*2 + (y*w-z*v)*2 + (z*u-x*w)"2;

C:=(-yu -I—xv)z—I—(—zv-i—yw)2

expand (A) ;

22,22, 22, 22,22, 22 22 2.2 22
UWx +uy +tuz+vx+vy +viz+wx +wy +wiz

expand (B) ;

u%£+2uvxy+2uwxz+v%9+2vaz+w3¥

expand (C) ;

sz%ﬁﬁg—2uvxy—2uwxr+ff%ﬂ;£—2vaz+w%2+w%;

expand (A-B-C) ;

0
unassign('A','B','C'");
Y Factoring
j> factor (p*2-g*2) ;
(p—q) (p+q)

factor (p*3-9*3) ;

(p—q) (P’ +pg+q)
factor (p*4-g*4) ;

(p—q) (p+q) (P’ +q)
factor (a*x*2+b*x*2+a*y*2+b*y*2) ;

(f+y%(a+m

factor (1+t+t*2+t*3+t*4+tA5+t"26+t*7) ;

(t+1) (F+1) (£ +1)

X 5-10*x244+35*x*3-50*x"2+24*x;
©—10x" +35° —50x° +24x

factor (%) ;
x(x—1) (x—2) (x—3) (x—4)

+ (zu —wx)2
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Powers
_> (-3)*4;

81
> ((-3)"4)~(1/4);
811]4
j> simplify (%) ;
3
> simplify ((a*4)~(1/4)); I
14

(a*)

> simplify((a”~4)”(1/4),symbolic);

a

The cross-ratio

> chi := (a,b,c,d) -> (d-a)* (c-b)/((d-b)* (c-a));
(d—a) (c—b)
(d—=0) (c —a)

X = (a7 b’ c’ d) =

v
b
il

chi(a,b,c,d);
(d—a) (c—b)
(d—Db) (c —a)

_1
;)
1
a

)

x =
chi(l/a,1/b,1/c,1/d);

il
(a-%)(

v
<
I

1
L c
Y= 1
c

> simplify(x-y);

o

| > unassign('chi', 'x','y"');

Odd one out

Which of the following is the odd one out? (You should assume everywhere that x>1.)
x+1)* = (x—1)°
x+1)* =22 =1) + (x—1)°

a=

x+1+x ' +x7?

b= 2
x +1+x+x

(5.1)

(5.2)
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(6.1)

(6.2)

(6.3)

(6.4)



d=/1+Jx—1Jx+1Jf—4

> a := ((x+1)22-(x-1)22)/ ((x+1)*2-2% (x~2-1) + (x-1) ~2) ;
x+1)2=(x—1)

a:=

(x+1)>—2x+2+ (x—1)*
> b = (x+1+x*(-1)+x*(-2))/(x*(-1)+1+x+x"2) ;
x%—l+—l-+-J;
X X
b = 1
— +1+x+x
X

> c = xM(1/x)*(x*(x-1))~(1/x);
1

1
c=x" (xx_l)x

sgrt(l + sqgrt(x-1)*sqrt(x+1l) *sqrt(x*2-1));

ck:/1+Jx—1Jx+1J£—1

v
[o N
il

> simplify(a);

X
> simplify(b) ;
1
X
> simplify(c);
1 1
¥ (xx—l) X
> simplify(c,symbolic) ;
X

> simplify(d,symbolic) ;

/1+Jx—1Jx+1Jx?—1

> plot(d,x=1..5);
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> combine (d,radical,symbolic) ;

Vo) ot =1 (7.10)
_> simplify (%,symbolic) ;

X (7.11)

:> unassign('a','b','c','d");
Collecting terms
_> X := (ur9* (v-1)-v*9* (u-1)+u-v)/ ((u-1) * (v-1) * (u-v)) ;

Y ug(v—l)—vg(u—l)—i-u—v @8.1)

' (u—1) (v—1) (u—v) :

_> Y := simplify(X) ;
Y:= u7+(1 +v) u6+(v2—|—v+1) uS—l—(l +v) (v2+1) u4+(v4+v3+v2+v+l) w’ @8.2)

+(VHEV PV v+ D) PV Vv D)+ (14 (VP




+1) (V+1)

> Y := sort(simplify (X))
Y=u' + v+ D)’ +(P4+v+ 1)’ +0+1) P+ D)+ vV + 7 +v+1)d® 83)

+(£+wﬁ+f%ﬂ;+v+d)uL+Uﬁ+f4ﬂﬁ+f+ﬂ;+v+l)u+(v+1)Ug

+1) (WV+1)
> collect(Y,u);
W+ v+ + P +Hv+D)+ v+ P+ + 0+ Vv +1) A (8.4)
+(£+wﬁ+f%ﬂ;+v+d)uL+Uﬁ+f4ﬂﬁ+f+ﬂ;+v+l)u+(v+1)Ug
+1) (V1)
> coeff(Y¥,u,5);
V4v41 (8.5)
> coeff (Y,u”s);
Vv +1 (8.6)
> coeff(Y,u,0);
v+1) (P +1) (P +1) 8.7)

> coeff(Y,u”0);
Error, invalid input: coeff received 1, which is not wvalid for
_its 2nd argument, X

> collect(Y,v);
v7+(u—|—1)v6+(u2—l—u+l)v5+(u3+u2+u—l—l)v4—l—(u4—l—u3+u2+u—l—1)v3 (8.8)

+(f4%ﬁ+f4ﬁﬁ+u+l)f+(f+wi+f+ﬂa+f+ﬂ+ﬁ)v+uﬁ+f

+ui+f4ﬁf+u%+u+l
> coeff(Y,v,0);
W+t e+l 8.9

| > unassign('X','Y'");




