[ > restart:
| > with (student) :with(plots):
with (linalg):

Warning, the name changecoords has been redefined

Warning, the protected names norm and trace have been redefined and unprotected

ex 1
let's try y=mx

> £:= (x,y)-> (x*y)/(x*2+y~2) ;limit(£(x,y), {x=0,y=0});

Xy
X +y
Y B
limitf ———, {x=0,y=0}
L X +y
[ > limit ((m*x*x)/ (x*2+m*2*x*2), {x=0});
m
L 1+m’
(> Diff(£(x,y) ,x) = diff (£(x,y),x);
0 xy v 2x2y

> 27 2 27 2
axery X +y (x2+y2)

> Diff(f(x,y),y) = diff(f(x,y),y)’

0 xy X 2xy2

P 2 2 2 2 2
Y x+y  x+y (x2+y2)
> limit (£ (0+h,0)/h, {h=0}) ;

L 0

> limit (£(0,0+h) /h, {h=0}) ;

L 0

>

L ex2

| > v:=array(1..3,[0,0,0]) ;F:=(x,y,z)-> x*x+y*2-z;
v:=1[0,0,0]

F= (x,y,z)—>x2+y2—z
> grad(F(x,y,z), vector([x,y,z]))’

L [2x52y>_1]

| > v:=subs(x=a,y=b,z=1,grad(F(x,y,z), vector([x,y,z])));

L vi=[2a,2b,-1]

| > u:=crossprod(v,[0,0,1]) ;gl:=array(1..3,[0,0,0]):gpl:=array(1..3,[0

,0,0]):

u:=[2b,-2a,0]



[ > tanline := t -> [t*u[l]+a,t*u[2]+b,t*u[3]+1] ;evalf(tanline(t))
tanline .=t — [tu,+a,tu, + b, tu;+ 1]

[2.th+a,~2.ta+b,1.]

> g:=
theta->[a*cos (theta) *sqrt (2) ,b*sin (theta) *sqrt (2) ,1] ;subs (theta=Pi
/4,g(theta)) ;gl:=evalf (%) ;

g:=0—>[acos(8)42, bsin(8)4/2, 1]

[ecol a sl 1

gl =[a, b, 1.]
> gp:=diff (g(theta) ,theta) ;subs (theta=Pi/4,gp (theta)) ;gpl:=evalf (%) ;

gp =[~asin(0)4/2, b cos(8)4/2, 0]

R E P C R PR e PR a
angent lne ot =]y g

| > tanline := t -> [t*gpl[l]+gl[1l],t*gpl[2]+gl[2],t*gpl[3]+gl[3]];
tanﬁne:==t—>[tgp]l4—ng,tgp]24—g12,tgp]3%—g]3]

> evalf (tanline(t)) ;
1 1
{—J.ta(—nj—ka,tb(‘ﬂJ4-b,L}
4 4
| ex3

> f:=(x,y) > 4*x*y-x*4-y*4 +1 ;
L ‘fF(Ly)—>4yx—x4—y4+l
| > Diff(f(x,y) ,x) = diff(f(x,y),x) ;Diff(f(x,y),y) = diff(f(x,y).,y)’

0
514yx—xkjf+l):4y—4x3
x

d
—T4yx—x$1f+l):4x—4f
oy
> solve ({diff (f(x,y) ,x)=0,diff (£(x,y),y)=0}, {x,y});
{y=0,x=0}, {x=—RootOf(_Z*+ 1, label = L4),y=RootOf( _Z* + 1, label = L4)},
{leayzl}a {x:_l’y:'l}a{
x = RootOf( —~RootOf( _Z* + 1, label = L3)+ 7, label = L5)RootOf( 7"+ 1, label = L3),

. y=RootOf(—~RootOf( Z* + 1, label = L3)+ Z°, label= L5)}

| > disc:= (x,y)->
diff(f(x,y) , x,x)*diff(f(x,y),y,y)-diff(f(x,y) , x,y)*diff(f(x,y) ,x,y
) ;




disc = (x, y) — diff(f(x, y), x, x) diff(f(x, ), , y) - diff(f(x, y), x, p)’
| > subs( x=0, y=0, disc(x,y) )’
-16
> subs( x=1, y=1, disc(x,y) ),subs( x=1, y=1, diff(f(x,y) ,x,x) ),
128
-12
> subs( x=-1, y=-1, disc(x,y) ) ,subs( x=-1, y=-1, diff(f(x,y),x,x)
) ;
128
-12
L ex #4
[ > restart:with (student):
> f:=(x,y)-> -sqrt (27 -x*"2-9*y*2);
L (fF(xJO—a—V27—x2—9y2
[ > z:= -3 + (x+3)*
subs (x=-3 Iy=1 (diff (£ (xIY) /X)) + (y_l) *subs (x=-3 Iy=1 (diff (£ (xIY) IY) )

Z:=—3—§(x+3)«/§+(y—1)«/§

> z:=simplify (%),

z=-9-x+3y
> restart:with (student):f:=(x,y,z)-> x*2/9+y*2+z+2/9-3;

12 212
f?(n%zy»§x4qz+§z—3

> fx:=
subs (x1=-3,yl=1,z1=-3,2*x1/9) ; fy:=subs (x1=-3,yl=1,z1=-3,2*yl) ;fz:=
subs (x1=-3,yl=1,z1=-3,2*z1/9) ;

-2
Jo =1
=2

_2
Sz =7

> fx* (x+3)+£fy* (y-1)+£z* (z+3)=0;

2 62 p-220
——x—-6+ =y =
37 Y73

> simplify (%) ;
2 2
- —x—-64+2y—-72z=0
3 3

texS
> restart:with (student) :U:= (x,y,z)->x*4*y+y*2*z"3;




Uﬁ=(xdgz)—9x{y+yzf
| > X:= (r,s,t)-> r*s*exp(t) ;¥Y:= (r,s,t)-> r*s*2*exp(-t);Z2:= (r,s,t)->
r*s*sin(t) ;

X=(rst)>rse

(=0)
YF(n&tyérfe

L Z:=(r,s,t) > rssin(t)

| > Diff(U(x,y,z) ,x)*Diff (X(r,s,t) ,s)+Diff(U(x,y,z),y) *Diff (¥ (r,s,t),s
)+Diff (U(x,y,z) ,z)*Diff(Z(r,s,t) ,t)=diff(U(x,y,z) ,x)*diff(X(r,s,t)
,s8)+diff(U(x,y,z),y) *diff(¥Y(r,s,t),s)+diff(U(x,y,z) ,z)*diff(Z(r,s,
t),t);diff(U(x,y,z) ,x)*diff (X(r,s,t),s)+diff(U(x,y,z),y) *diff (Y (r,
s,t),s)+diff(U(x,y,z) ,z)*diff(Z(r,s,t),t);

0 0 0 0 -
) D) oy
EZ 4 2 3 Q_ . 43 t 4 3 (=0 2 2
+ (x'y+yz rssin(t) |=4x yre+2(x +2yz )rse +3y z rscos(t)
oz yry o y y

4x3yreﬁ+2(x4+2yz3)rse“0+3)322rscoﬂt)
> subs (x=r*s*exp (t) ,y=r*s*2*exp(-t) ,z=r*s*sin(t),%)

4 _ 4 _ — — 2
475 ) e T2t st ey +274 5 e Dsin(e ) rse V4355 (e ) sin(1)? cos(1)
> simplify (%) ;

-t) . -1 . (=) (1)
. 4s e( ) sin(t) +4s e( : sin(?) cos(t)2 ~3s5°e cos(t)+3 s°e cos(t)3)

s e(it) (-6 e(4t
ex 6
> restart:with (student):with(linalg):T:= (x,y,z)->80/(1 + x*2
+2*yr2+43*%2z12) ;

Warning, the protected names norm and trace have been redefined and unprotected

1 T

T:=(x,y,z) > 80
1+x2+2y?+3f

> v:=subs (x=1,y=1,z=1,grad(T(x,y,z), vector([x,y,z]))):
- [-160 -320 -480}
49° 49° 49

> norm(v,2) ;
160

49
ex 7
> restart:with
(student) :with(linalg) :S:=(x,y,2z) ->x*y+2*x*z+2*y*z-12;

Warning, the protected names norm and trace have been redefined and unprotected

1

S=xy,z)oyx+2xz+2yz-12



> V:=(x,y,z)-> x*y*z;
Vi=(xy,z)>xyz
> L:=(x,y,z,lambda) -> V(x,y,z)+lambda*S (x,y,z) ;

L:=(x,y,z,A) > V(x,y,z) + A S(x,y,2)
> diff(L(x,y,z,lambda) ,x)=0;
vz+A(y+2z)=0
> diff(L(x,y,z,lambda) ,y)=0;

xz+A(x+22)=0
> diff(L(x,y,z,lambda) ,z)=0;
yx+A(2x+2y)=0
> diff(L(x,y,z,lambda) ,1lambda)=0;

yx+2xz+2yz—-12=0
> solve({diff(L(x,y,z,lambda) , x)=0,
diff(L(x,y,z,lambda) ,y)=0,diff(L(x,y,z,lambda),z)=0,diff(L(x,y,z,1
ambda) ,lambda)=0}, {x,y,z,lambda}) ;

-1 1
{z:l,X:E,y:2,x:2}, {kzg,y:-2,x:-2,z:-1}

_ex8
> restart:with (student) :with(linalg) :S:=(r,h)->2*Pi*r*242*Pi*h*r;
Warning, the protected names norm and trace have been redefined and unprotected

S=(r,h)y>2nr+2nhr
> V:=(r,h)-> 2/3*Pi*r~3+Pi*r*2*h-8000;
2 5 2
V:=(r,h)—>§1tr +mr” h—8000

> L:=(r,h,lambda)-> S(r,h)+lambda*V(r,h);
L=(r,h,A)>S(r,h)+AV(r, h)
> diff(L(r,h,lambda) ,r)=0;
4nr+2nh+h(2nr2+2nhr)20
> diff(L(r,h,lambda) ,h)=0;
2nr+Ant=0

yx+A(2x+2y)=0
> diff(L(r,h,lambda),lambda)=0;

2 5 5 _
3T|:l" +nr h—8000=0

> solve({diff(L(r,h,lambda),r)=0,
diff(L(r,h,lambda) ,h)=0,diff(L(r,h,lambda),h lambda)=0},
{r,h,lambda}) ;

1 2
{h=0,%=~— mRootOf( 7= 12, label= L2) ,r=10RootOf(n Z° — 12, label = L2)}



L ex9
> restart:with (student) :with(linalg):

Warning, the protected names norm and trace have been redefined and unprotected

>

> fi=(x,y)->x"2 +
3*x*y-y*2;fx:=subs (x=2,y=3,diff (£ (x,y) ,x)) ;fy:=subs (x=2,y=3 ,diff (£
(x,¥),¥));

fF(Ly)—ff+3yx—y2

fx=13

=0
> z:= +£(2,3) + f£x*(x-2) +(y-1)*fy;

z=-13+13x

> z:=subs(x=2.05,y=2.96,evalf (%)) ;

z:=13.65
> evalf(%)-£(2.05,2.96) ;

.0051

[ >



