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1. (12 points) Find the equation for the plane that passes through the point (1, 2, 4) and contains

the line given by x = 2t, y = 3� t, z = 2 + 5t. And give the x-intercept of this plane.

Plane Equation:

x-intercept: (x, y, z) =

E
Plane contains (1 ,

2
,
4) & (0, 3, 2) : contains vector (1,

1
,-2)

Also contains dir. of line : (2,

-1
, 5) .

Normal rector is orth .
To bath : (-1, 1

,-2)x(2,

-1
,5)=[3, ,

- 1)

Plane / normal rector (3,

1
,-1) through (1,2,4) :

3(x - 1) + (y- 2) - (z - 4) = 0

↓
3x +

y
- z = 1

x-intercept
: 1y=

z
= 0

3x = 1 - x
= y

-
= 1
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2. (12 points) Let a curve � be the intersection of the plane y+z = 1 and the cylinder x2
+y2 = 1.

Find the points where � has maximum curvature.

Points: (x, y, z) =

-5X = cOSt

F(t) = (cost, sinz, I-sinz)
y

= sint

z= -

y
= 1-sint ~'(z)=7 sin

,

cust
, -cost)

"(t) = 7-cost, - sint
, sint)

(t) x r (t) = [0,,)
I () = cos cat = +

(='() +
= "x)) =12

I

1l largest when denom
.

is smallest cost =0=
=Yo

-() = [0,!,)

+(2) = (0, - 1
,
2)

(8(0,- 1
,2)
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3. (6 points per part) Parts (a) and (b), consider the surface implicitly defined by the equation

z(cos(z) + 2) = x2 � y2.

(a) Find
@z

@x
and

@z

@y
.

@z

@x
=

@z

@y
=

(b) Give the linear approximation, i.e. tangent plane, to the surface at the point where

(x, y) = (1, 1). And use this approximation to estimate the z-coordinate of a point on

the surface where (x, y) = (1.01, 0.98).

Linearization:

z ⇡

S
(0sz +2) - zsinz = 2x &(osz+ 2) -zinz =

-

2y

& (osz + - zsinz)= 2x (0sz+2 -zi)=
-

2y

-
When x =

y
= 1 = z(cosz + 2) = 0 z

= 0 (cosz +2 is never 0)

=2 = 22=-y =

L(x
, y) = (x- 1) - (y - 1) + 0

L(1 .

01
,

0
. 98) = =(0 .01) - -)-0

.02) = 0
.
02

⑮= (x- 1) - 5(y - 1)

0 .
02
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4. (12 points) Find the dimensions of a rectangular tent of maximum volume such that the sum

of the lengths of its 8 posts (above the ground) is 36 m.

To receive full credit, you must justify that your answer is indeed the maximum.

• •
• •

y
x

z

Dimensions:

Want to maximize V = xyz

Constraint : 2x + 4y
+ 4z = 36- z = 9- - E

Let f(x
,y) = V= xy)9 -

-z) = 9xy - xy - xy2
In

Domain : x 40
, y50, z

= 9 -x -

y : 186 >I
- z = 0

-
Note : on boundary, X

, y,

or Z is Zero
,

so is x

volume= 0
. So max cannot be on boundary ! Must be at crit pt.

fx(x
,y) = 9y -

xy
- y

= 0
since xO and yF0at max

,3 we can safely divide by x or y
fy(x,y)

= qx - x2 -

xy
= 0

I
q- x

-

y
= 0

-
y

= 6 - 9 - x
- 3 = 0 - x

= 6

z
= 9 - 3 - 3 = 3

This is the onl critpt. not on boundary,
so its the max

.

⑮y=6nz = 3m
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5. (6 points per part) For the following problems, set up an iterated integral as described.

You do not have to evaluate the integrals. Just set them up.

(a) Reverse the order of integration of

Z 2

0

Z 8�3x

2(3�x)

sin(x2
) dy dx.

Integral:

(b) Write a double integral for the volume below the cone z =

p
x2 + y2 and above the

paraboloid z = x2 � x+ y2.

(Hint: convert to polar!)

Integral:

I

y
= 23

-

x -(0,8)

8

,
I >

x
= 3- 1092]·

!

x x y
↳-

intersection : polar
y2 = x2- x+y2 - r = r - rcs + - r = 1 +xs8

y ↓
Height = xy2 - (x2 -x +y & >x

=

r -r + rcos
- W

--
-

2π Itcost#S
.
[5-rircosgadud8
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6. (12 points) Let L be the lamina whose shape is the triangular region with vertices (0, 0), (0, 2),
and (1, 2), and whose density at any point is proportional to its distance to the y-axis.

Find the center of mass of L.

(x, y) =

ye

(0
,
2)

- · (1, 2) =k(x)

* Can just use p(x, y) = x to find C...M
. here)

mas m= x axdy= (xTa-I- - ]t

mens My=1 xdy=(5x
** = I =(l)

Mx= . xyexdy= xy-d=
ICenter of mass=(*)=(*

Si)
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7. For this problem, let g(x) = (3 + x)3/2 and consider the Taylor polynomials based at b = 1.

(a) (5 points) Find the second Taylor polynomial, T2(x), for the function g based at b = 1.

T2(x) =

(b) (4 points) Use T2(x) to approximate the value of

p
4.43

p
4.43 ⇡

(c) (5 points) Use Taylor’s inequality to find an upper bound for the error in your

approximation in part (b).

Upper bound:

q(x)
= (3+x)x g(1)

= 8

g((x) = (3+x)k gi(1) = 3

g"(x) = (3 +x)-% g"(1)
= 8

x-1 + (x - 1)2

443 = (3 + 1
.4) =g(1 . 4)

g(1. 4) = Tz(1 .
4) = 8 + 3(0 .4) +Y(0 .4) = 9 .

23

123

~largest when x is smallest

-in19"()(( (3xx59 = 33
+x) Onineval[ ! 1

.4)
,

canvsex=1 :3

M=

5
12=

errors: : /1 .4-1P=0 .
0005

⑳5
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8. For this problem, let f(x) =
16

4� x2
+ 6 cos(2x)

(a) (6 points) Give the Taylor series for f based at b = 0 using one sigma sign.

Taylor series:

(b) (3 points) Find the largest open interval on which this Taylor series converges.

interval:

(c) (5 points) Find T3(x), the third Taylor polynomial for f based at b = 0, then estimate

the value of

Z 1

0

f(x) dx by replacing f(x) with T3(x).

Z 1

0

f(x) dx ⇡

m

L b
#x -

cosix-
= xk

↓x -2x

= cos(2x)=
x

x= E
k=0

- 1 . 61 x xx

2k 6cos(2x) =

x
I X

x=k+ 1

k=

0

↓: 16
2k

16 Ed
D X

k- 1 -"-Fxz
=

k= 0

* converges
for -1x<1

x = x44
- 1 >

↓-- 4<x Y

20 k= 1 k = 2

--
- 2

Taylor series from part (a) : 10 - 11 x + 4
.

25x4 +
...

en

T3(x) Signore all terms exponent 3)

(f(x)dx = !! (10 - 11x)dx = (10x - x))!=

⑰


