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VECTORS. Vectors v = (z,y,2), the dot product 5+2.01(-4,5.) ross[{3, 4 5, (-4, 5,611
v -w or the vector product v x w. {3.4,5).{-4.,5.6] I E=Ere v o5 TS, 4 &)

&Iy

PROJECTION of v onto w is w(v - w)/|w|?. Is[c;rgr;rsg]rf\[/vw]glri)lpg\é]_[y_] =w (V. W/ (ww;
SCALAR PROJECTION: length of projection. v0={3,4,5}; wo={4,5,1}; scal arproj[v0, 0]
DISTANCES. PO={2, 3,4}; QO={3,4,6}; vO={1,1,1}; w0={2, 4, -1};
d(PQ)_|P—Q| I[v ]:—Sqrt[vv]
Q) =
d(P,Q +tv) = |(P = Q) x v)|/[v] EE%P Eé Jsﬂti—](wsdﬂgffngcloss[P Qi '[”H[ .
— . P Q,v_,w =Modul e[ { n=Cr oss[ v P- n n
d(P,Q + tv + sw) = W LLL{P v}, {Q,w }]:=Nodul e[ {n=Crossfv,w }, mi [ (P-Q.n]/I[n];
P ,
d(P +tv,Q + sw) = UP=Q) (oxw)| |%3<$}‘Xw)| 52{58,%,vo,m” Et{?go{\%}v%]o,m}]

PLANE CURVES. r(t) = (z(t),y(t)).
SPACE CURVES. r(t) = (z(t),y(t), 2()).

ParanetricPlot[{Cos[t] Cos[17t],Sin[t] Cos[17t]},{t,0, 2Pi}]

ParametricPl ot 3D[ {t Cos[10t],t Sin[10t],t},{t,-2Pi, 2Pi}]

SURFACES. X (u,v) = (z(u,v),y(u,v), z(u,v)).
GRAPHS. Graph of map z = f(z,y).

ParametricPlot3D[{v Cos[u],v Sin[u],5 v*3},{u,0,2 Pi},{v,-5,10}]

S=Pl ot 3D Si n[ x*y], {x,-2,2},{y,-2, 2}]

INTEGRAL. Antiderivative [ f(z) dz and definite integral f: f(z) d=

Integrate[ Cos[Sqrt[x]], x] NI ntegrate[ Cos[Sqrt[x]]/x"2,{x,1,Infinity}]
b 3 0 -
LENGTH OF CURVE. fa i+ 9% + 22 dt. r[t_]:={Cos[t],Sin[t], t}; V[t _]:=r'[s] /. s->t;
NIntegrate[Sqrt[v[t].v[t]] {t, 0, 2Pi }]

Explicit solutions with ”Integrate”.

DOUBLE INTEGRAL. [ [ f(2,y) dzdy. Integratel Sin{x] x"2+y"3,{x,0,2 Pi},{y.0,3 Pi} ]

TRIPLE INTEGRAL. fab fcd fef f(z,y,2) dedydz. integratel Sin[x] x2+yA3+274,{x,0,2 Pi},{y,0,3 Pi},{z,0,Pi} ]

b ' :={Co S = /
LINE INTEGRAL. fa F(r(t)) - r'(t) dt. rFHX] ! ZSH]_{LTE‘]y tz% Kl{tnt]egrrat[e[S]F[r[t]S] v[t] {t,0,2Pi}]

y_

={ Co: S F LY, ={x"2,
FLUX INTEGRAL %FG o -{Cr S[U]X |n][u}'xv}s >u[{)>(<v[u_, \Z/_]}] Dé);([u %,] Z%] /. t->v;
f f F 'LL U X X X )( ) dvdu. ﬁ?@g\r/ale[F[i[sa[v]u][uR{L vi/[?uv%)] 2Pi },{v, 0, 1}]

LAGRANGE MULTIPLIERS. Extremize F(x,y,z) under con- a[i Y= H eV MR

=X+y+Z;

v-
1 j— —_ | == L*

straint G(z,y,2) = e Solve system VF(z,y,z) = so Vel{g{E{; g ﬂ = Eggi E R

AVG(z,y,2),G(z,y,z) = c for the z,y, 2z, \. g}; % ﬁll}zl{*; v ZD[q}f v.z]. 2],




GRAD CURL DIV. flx_,y_, z_]:=xr2

7 y z; Fix_y_,z]:={-y,x,2"2 x};
grad[U ]:={D{Ux,y,z],x], {Uxy, 2], y], LU Xy, 2], 2] };
gad(f) = (/o 1. £ St FR T IRIRE E
rurl(P,Q, R) = (Ry — Qz, P — Ry, Qs — P div[F_]:=E)[l|::)[[>'f,[;:}zl]’[2][g-][]2],1(]’)(]-D[F[X’y ALl
div(P,Q,R) = Po + @y + .. LIS E N

LINEAR APPROXIMATION.

L(m7y7z) = f(fU;Z/;Z)"‘grad(f)(%;yO;ZO)'(m_f‘UO;y—
Yo,z — 20)

. {u->x, v->y, w>z}
. {u->x, v->y, w>z}

1% v, u m[ﬂ[xy 21}
1] . {x-1,y-1
B[(xf_,y_]::Sin[x*y%-x"Z*y; ,
s = ,v], . - >X, V- >

QUADRATIC APPROXIMATION. sty 7 iz

Q) = Lizy) + ool — By Lyt g,

70,4~ 0] - (o — 70, — 30)/2 S S

’ ’ ) hess[T_][X_.y_]:={{Dxx[T][x,y], Dxy[f1[x.y]}. {Dxy[f][x. y].Dyy[][x, y]}}

Ax_,y ]:=f[1,1]+grad[f][1, l].{ -1,y-1}+(hess[f][1,1].{x-1,y-1}).{x-1,y-1}/2

ODEs. p'[t] — f(p, t) DSol ve[ DI p[x], x] ==p[x] *(1-p[x] ), p[X], X]
INITIAL VALUE PROBLEM. 2" = z — px', z[0] = a,2'[0] = b

U=DSol ve[ {x" ' [t]==-x[t]-X’ [t]/ x[ 0] ==1, x’ [ 0] ==0}, {x}, t];
S=Pl ot [ Eval uate[ x[t] /. U, {t,O0, 25}]

o= ~~AAN\N

VECTOR FIELD. F(z,3) = (P(z,1), Q(@,)) 17772277
AN R

1 SRR

Needs[ " Gr aphi cs‘ Pl ot Fi el d* "] /l 19%¢ v \i
PlotVectorField[{-y, 2 x},{x,-1, 1}, (y l 1}] R :Yv!H
Pl ot Gradi entFi el d[ x*2 vy, {x, -1, 1}, ( l)] I vl

VL

Needs[ " Gr aphi cs* Pl ot Fi el d3D " § Ve //;ﬁ ﬁ 5
Pl ot VectorFi el d3D[{-y, 2 x, z},{x,-1,1},{y,-1,1},{z, -1, 1}] AT N
Pl ot G adi ent Fi el d3D[x*2 y z,{x,-1,1},{y,-1,1},{z, -1, 1}] \\\\:\“,,////
NN/

ODE’s in space & = F(z). The example shows the Rossler attractor.

s=NDSol ve[ {x’ [t]== (y[t]+z[t]),y [t]==x[t] +0.2*y[t],z' [t]==.2+x[t]*Z[t]-5.7*z[t],
x[ 0] ==. 3, z[ 0] ==4. 2, y[ 0] ==1. 3}, (x.y z},{t, 0, 400}, MaxSteps >12000] ;
S—PararretrlcPIotSD[EvaI uate[(x[t] y[t] z[t])l s] {t,0,400}]

HEAT EQUATION u; = prtigs.

s:NDSoIve[{D[u[x,t],t]::qu[xvt]'{xvz)] %

u[ x, 0] ==Si n[ 5*Pi *x] , u[ 0, t] ==0, u[ t]==0},u, {x,0,1},{t,0,.01}];
Pl ot 3D[ Eval uate[u[ x,t]/. s[[1]]1],{t,0,.01},{x, 0, 1}]

WAVE EQUATION uy = ugg.

sNDSoIve[(D[u[xt] {t,2}] ==D[u[Xt] {x,2}],

u[x, 0] == |n[4*P| x] Derlvatlve[O l][u][x 0] ==0,
u[0,t] == u[1,t]}, {x, 0,1}, {t,0,1}];
PIot3D[EvaIuate[u[xt]l s[[l]]] (t Ol) (xOl)]




