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1. In each case determine whether the limit exists, and if so, find the limit.
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2. The temperature distribution (in degrees Fahrenheit) at position [z, y] (in miles) is given
by T(x,y) = 98 — x*y*. You start walking northwest from [—1,1] at 3 miles per hour.
How fast is the temperature changing?
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with(linalg) :

T:=098-x"3*y"2;
T=08_xy
vi=evalm(l/egre(2)*[-1,11); evalf(%);
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[-0.7071067810, 0.7071067810]
grad (T, [x,v]);: subse ({x=-1,y=1},%);
pum (% [1] *v [i] ,i=1..2) : %*3; evalf(%);
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3. Let f = cos(142% +y). Compute the Hessian matrix for f and find the quadratic Taylor
approximation to f at the origin.
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= ac:={x=0,y=0}; )
L ce={x=0,y=0} j;-=|:l:‘
[ = fi=con(l+x"2+y); ff:=subalce,f); L ’ v
f=cos(l+x +1) [ > ff4Df&*hs (1/2) *transpose (h) &*HE&*h;

I f cos(1) evalm(%); evalf(%);
[ = grad(f, [x,y]); Df:=subs(c
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[~ sm(l+!. +1)x, —sin(1 +x7 +3)] % - 1| g %
cos( 1)+ (DF&F )+ oy & H\&h
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[ = hessian(f, [x,y]); Hf:=pubs (=

!
—deos(l+x +1)2° 25m|:l+\ +¥] cos{1+r2+y)r] l_' 1 .__J in(11=- 2 1l 1]
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ar=| D _m‘:{lj _ [-0.8414700848 y - 0 8414700848 - 0 270151153057 + 0.5403023050]

[ > he=matrix([[x], [yl]);



4. A Petri dish 3 inches in diameter is used to grow a culture of HIN1 and the population
density is given by diz.y) = % 4+ 2y° — y + 2 in billions of virii per square inch. Where
i= the population density the lowest? The highest?
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[» fr=x"242%y " 2-y42; [ = grad(L, [x,y,lankda]);

f= 2427 e ? solve{convert (%, set), {x,y, lambda}) :

T seqleubse (%[i], [x,y]),i=1..3): eeq(%[i],i=1..2),allvalues(%[3]]);
{erit} union {%}: convert(%, liet);

. > Df:=grad(f, [x,y]):

I Df=[2x4y-1] map (xx->sube ({x=xx [1],,y=xx[2] }, ) ,%); evalf(%);
[ » solve{convert(Df,met),{x,v}): 0]
erit:=subse (%, [x,y]); [3-‘(—2}-1-}4}'—1—3;‘4"-—12—."""1'
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5. Sketch the solid enclosed by the surfaces » = 3 — /22 + 32 and » = 0. Use triple
integration in cylindrical eoordinates to compute its volume.
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[ > X:=[r*cos(theta), r*sin(theta), z];

| X=[rcos(8), rzn(B), z]

[ » m=3-r; solve(%,r):;

plet2d (%, theta=-Pi..Pi, 2=0..3,coorde=cylindrical , axes=boxed, atyle=
patchcontour, scaling=constrained) ;

z=3-7r

—I 43

o jaccbian (X, [r,theta,z]); det(%): simplify(%);
int(int (int(%,z=0..3-r) ,theta=-Pi..Pi) ,x=0..3);
[cos(8) —rsin(8) 0
ism{ﬁ} reos(8) 0
0 1
+
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6. Find the scalar potential for the vector field F' = [:: cos 1, 2y, sin 'L“] or show that such a
potential doesn't exist.
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[ > z*pin(x) +y"2; grad(%, [x,y,z]);
[zcos(x), 2y, sm(x)]

7. Integrate w = 2x dy — 3y dr around the cirele of radins 3 centered at the origin counter-
clockwise. Compute the same integral using Green's theorem.
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wi=2#x*dy-3ty*dx; [ = sube ({x=X[1],y=X[2],dx=DX[1],dy=DX[2] },w);
int(%, theta=-Pi..Fi) ;

2xdy-3ydx . o3
[» X:=[3*cosm(theta), 3*nlnith&ta}l] 18 cos(8)" + 27 sin( )
_ L 45m
: | L=[Fcos(8).3sin(8)] . curl(r-3%y,2%x, 01, [x,y,2]1);
> DX:=diff (X, theta); %[3] *r; dint(int(%,r=0..3),theta=-Pi..Pi);
DY=[-3sn(8), 3 cos(6)] [0,0,5]
ar
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8. Compute the flux of F = [z,y, 2] through the surface z = 1 — 2% — 4% » > 0 oriented with
the upward normal both directly and also using the divergence theorem.
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[ > F:=[x,y,2];
i F=[x7z]
[ = X:=[r*cos({theta),r*sinitheta),1-r"2];
i X=[rcos(8),rsin(8), 1-r]
[ = jacekian(X, [r,thetal);
ercapprod(cel (%,1) ,c0l(%,2)): Nr:=aimplify(%);
cos(B) —rsin(d)
sin(6)  reoos(B)
-2r 0
i N-=[2r cos(8).27 sin{#). ]
[ > subse ({x=X[1],y=X[2],z=X[3]},F);
gum (% [1] *W[1] ,i=1..3) : pimplify(%): expand(%);
int({int(%,r=0..1) ,theta=-Pi..Pi);

[rcos(R), rsin(8), 1-7]
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[ Same but for the unit disc in the x-v plane
[ = X:=[r*ecca(theta),r*sin(theta) ,0] ;
i X=[rcos(8), rsin(6), 0]
[ » jacobian(X, [r,thetal);
cercagprod(ccl (%,1) ,c0l(%,2) ) : Ni=aimplify(%);
cos(8) —rsin(d)
sin(6)  rcos(B)
0 0
L N=[0,0r]
[ > subse ({x=X[1],y=X[2],=2=X[3]},F);
gum (% [1] *W[i] ,i=1..3) : pimplify(%): expand(%);
int{int(%,r=0..1), theta=-Pi..Pi);

[rcos(B), rsm(B), 0]
0

0
[ Now using the divergence theorem:
[ > diverge(F, [x,y,2]);
int({int (int(%*r,z=0..1-r"2), theta=-Pi..Pi),r=0..1);
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