Mat 241 Homework Set 6key — Due

Professor David Schultz

Directions: Show all algebraic steps neatly and concisely using proper
mathematical symbolism. When graphs and technology are to be
implemented, do so appropriately.

Mechanics:

#1.1f x” = y* find D at (2,4).
dx

x’=y" —>ln(xy)=ln(y")<:)ylnx=xlny

Let :F(x,y)=ylnx—xIny

then,
l—ll’ly 2 2
dy__F,_ dy_ «x __Y -xylny xylny-y
dc F, dx . % xylnx —x> xylnx-x’
y

dy| _8In4-16 4In2-4
dx|,, 8In2-4 2In2-1

#2. Given z°x’ +sin3(yx2 + yz3) =2, find
z2°x’ +sin’ (yx2 + yz3) =2

Define : F (x,y,z)=z"x" +sin’ (yx2 + J’Z3)— 2

ox

% =
ay ).

%) F, 3x’z” +3sin’ (yx2 + yz‘%)cos(yx2 + yz3)2xy
_jy - 22" +3sin’ (yx* + yz*)cos(yx* + yz*) 327y

F,
F, 3sin’ (yx” + yz*)eos(yx’ + yz° ) (x> +2°)
F,

2z’ + 3sin’ (yx2 + yz3)c0s(yx2 + yz3)3z2y



#3**. Suppose z = f (x,y),where x =rcos6 and y =rsin6
Show that:

0’z 9z 9z 19z 10z
=S4
ox> dy> or® r’d@> ror

Come by my office!

Note: This problem is a bit tougher but was assigned when | took the class
in 1981.

#4. Find the equation of the plane tangent to the surface 2 =e* ™ at the
point ( 1, -1, 1). Then use Maple to graph both the plane and the surface to
verify your result.

z _ ex2_y2

Planeeq 12-2,=/f, (xo’.)’o)(x —x0)+ fy (xo’yo)(y - yo)

2 2
*o Yo (

z_zo :2xoex02_y02 (x—xo)_zyoe y _yO)
:}z—l:2el_l(x—1)+2el_1(y+l)
=z—-1=2x-24+2y+2

s 2x+2y—z+1=0




#5. Compute the partial derivatives problems: 15, 21, 22, and 35 found on
page 920.

#15.f (x,y)=xe™; f, =€ f, =3xe™

2r’ 2rs
LS (1) =rin(r” 5, = ) = 2
G .

#22.f (x.t) =arctan (xr ) f, =

#35.f (r,y) =N+ Y fi = f, =2

’f.v (3’4) :%

£.(3.4)=

| W

#6. Let f(x,y)=ylnx. Find the gradient of f, evaluate the gradient at the

_ 4 3

point (1, - 3), and then find the rate of change in the direction u = <—§,§>
S(x,y)=ylnx

Vf (x,y) :<%,lnx>;Vf(1,—3) =(-3,0)

Dﬁf(l,—3)=<—3,0>'<%4%>:%

#7. Find the directional derivative of f (x,y,z)=x"+y”+z” at P(2,1,3)in
the direction of the origin.
f(x,y,2)=x>+y*+2* at P(2,1,3) - 0(0,0,0) = PO =(-2,-1,-3)

Vf (x,3,2) =(2x,2y,22);Vf (2,1,3) = (4,2,6);

_ 2 -1 -3
U . = , s
ro <\/14 J14 \/14>

N2’ ia'Via) i id Via Jia
=214




Concept Development:

#8. The temperature (in degrees Celsius at a point (x, y, z) in a metal solid is
given by:

Xyz
1+x*+y* +z°

T(x,y,z)=

A. Find the rate of change of temperature at (1, 1, 1) in the direction of
the origin.

xyz
1+x>+y*+z

T(x,y,2)= —sLet u=1+x+y> +2°

wyz — Xyzu_ UXZ—XYZU, uUXy— Xyzu,
VT(x,y,z)=< Y uzy s w? o > >

2 ’ 2 ’ 2
u u u

4-2 4-2 4-2\ /111
Vm’l’l):< £y >:<§’§’§>
i _<—_1—_1—_1>
o \J3'\3'\3
111\ /-1 =1 -1\ -3 -3
D,;T(l’lal):<_,_’_>'< ’ ’ >: =
878’8/ \\V3'\3'\3/ 83 8

B. Find the direction in which the temperature rises most rapidly at (1,
1, 1). Express your answer as a unit vector.

B <uyz —2x°yz uxz—2xy’z uxy—2xyz’ >

The gradient gives the direction of greatest increase at any point, P, in the
function’s domain.

111
VT(lal’l) :<§,§,_

and u = =
8> VT (1,1,1)
1 N 1 N 1 \/5

64 64 64

8’8’8

111
8’8’8/ 8<1 1 1>



C. Find the rate at which the temperature rises moving from (1, 1, 1) in
the direction found in part B.

This will simply be the norm of the gradient.

vT({,1,1)= <éé%> =||VT1,1,D)||= g

#9. A certain bug happened to land on a flat plate whose temperature at a
point (x, y) is give by T'(x,y)=5+2x" + y°.
A. Determine the direction the pest should take, starting at (4, 2), in
order to cool off as rapidly as possible.

T(x,y)=5+2x"+y’
VT(X,J’) =<4x,2y> —>VT(4,2) :<16,4> =16i +4j

-.maximum decrease direction: — VT (4,2)=-16i —4j

B. Plot the temperature function surface T using Maple.




#10. let f,f,,f.»f, be continuous and u andvare constant unit
vectors given by u= <u1,u2> &v= <v1,v2> . Show that
D,(D,f)=D,(D,f). Where D,f =Vf - and D, f =Vf -v .

D,(D,f)=D, (% -7)=D,((f.f,)-{r0)) = Do (fr, + 02
=(fo( £+ £ 0.)o £, (£ + £y,))-(wm,)

=<fmv1 + [V o +fyyv2>'<u1,u2>

=foV t fvu + fvu,+ fovu,

= fouy, + fuy, + fouy, + f uy, [* commutative law

= <fxxu1 + [l [ + fyyu2> - <v1,v2>/*dot product

= <fx (fxu1 + fyuz),fy (fxu1 + fyu2)> . <v1,v2>/*deﬁnition partial derivatives

D ( Sau+f yuz)/* definition directional derivative
=D, (<fx,fy>-<u1,u2>)/*dot product

D (Vf 7] )/* definition directional derivative

D, (

D_f )/"< given



