MATH 250: FINAL REVIEW, SPRING 2026

13.5) Lines and Planes in Space. 1-10, 11-26, 27-30, 31-37, 43-58, 61-64, 65-68, 71-72,

73-76, 77-80.
1. (a) 7(t) = (1+2t,—1+3t,2 — 1)
(b) 7(t) = (2¢,2 —¢,3 — 2t) .
(c) 7(t) = (=1 —2t,2+t,t).
2. (a) 5(z—2)—(y—3)+3(z—1)=0o0r bz —y+ 3z = 10.
(b) (z—1)+(y—2)—2z2=00rz+y—2z=3.
(c) x—y+z=2.

[13.6) Cylinders and Quadric Surfaces. 1-6, 7-12, 15-20, 21-28, 29-51, 54-58, 60.}

1. (a) Elliptic cylinder parallel to y=axis.
(b) Parabolic cylinder parallel to z-axis.

2. (a) zy: hyperbola, zz: hyperbola, yz: no solution. Hyperboloid of two sheets.
(b) zy: hyperbola, xz: hyperbola, yz: ellipse. Hyperboloid of one sheet.
(¢) zy :y=43x. x2:(0,0), yz : y = £3z. Cone.

[ 15.1) Graphs and Level Curves. 25-33, 34, 35, 36-43, 74-77. }

1.
elliptic paraboloid.
hyperbolic paraboloid.

c=0,y==xz. ¢=—1,1,2, hyperbolas.
c=2,(0,0). ¢c=—1,0,1 circles.

[15.2) Limits and Continuity. 10-12, 13-27, 29-34, 35-50, 52-53, 62-67, 71.}

1. (a) Function is continuous at (—1,2) so  lim  f(z,y) = f(—1,2) = 0.
($7y)_>(_172)

. z+3y)(x—3 . r—3
(b) limg ) (s 1) EELE —Tim, ) 5 1) =2 = —6.




2. (a) lim f(x, y)—%( hm f(m y) = 2.

(£,0)—(0,0) 0,t)—
b) 1 =0, 1 —1
(b) o flz,y) = ‘ t)gr(loyo)f(:v,y) :

[15.3) Partial Derivatives. 1-9, 11-14, 15-30, 32-34, 38-46, 48-53, 54—59.}

iy BEth)—y)—Be—y) _
1. (a) lim Z Y =3, lim

Bz—(yt+h)-Be—y) _ 1
h—0 "h—0 h

. x+h)y2—zy? T h)2—zy?

2. (a) fex = —y*sin(zy), foy = cos(xy) — zysin(zy), f,. = cos(xy) — zysin(zy), f, =
—x? sin(zy).

—z? —6zy 6 3
( ) fa::c = xg_'_yx) f:cy fya:: 2_:;, 2afyy (i2ﬁ_y3§l2

{15.4) The Chain Rule. 9-18, 19-26, 27-28, 29-30, 35-40, 57-59, 65, 67-69, 72-73, 75.}

142 = 3a2y%(2t) + 22%y(1 4 €271) = 3(25)(1)(4) + 2(5%)(1)(2) = 800.

ow __ 1 102 _ 1_ 3
2. 5= —gm=2-5=7%

el iros-a=t

8 9
. (@) FO+FE +FW =05 = -5/5
8 — rz __ Yz

(b) 3: = —crrmmers

4 9z _ —2zy—23 9z __  —2yz

©dr T y2+3x220 By | y2+3z22”

5. 98 = 1202 + gsin(0)% = —gsin(f)v + gsin(f)v = 0.

15.5) Directional Derivatives and Gradient. 1-10, 11-12. 13-20, 21-30, 31-36, 43-44, 47-50,
59-64, 69-72, 74, 75-78, 81, 82, 85.

L (Vf)(=1,2,1) = (=4,1,3). (Daf)(-1,2,1) =3 +2+1.

2. (a) V 145, <\/—— \/T—5>
(b) (9,8).

3. f(z,y) = xy.
(a) Graph the level set of f through the point (2,1).
(

() (x—2)+2(y—1)=0=y=—1z+2.

)
b) Include the vector V f(2,1) on your graph.
)
(d) The vector Vf(2,1) is perpendicular to the level set of f at (2,1).
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[15.6) Tangent Planes. 3-4, 9, 11, 13-28, 29-32, 54—56.]

1. Find the tangent plane to the surface at the given point.
(a) —4(z+1)—1(z —2)+4(x —2) = 0.
(b) 1(x —3)+6(y —0) +0(z —2) =0 or z + 6y = 3.
(c) 3(x—=3)—2(y—1)—3(2+1)=0.
2. Find the tangent plane to the surface at the given point.
2(x—5)—3(x—4)—(2—3) =0.
(b) 0(x —2)+2(y—0)+1(z—3)=0or 2y — 3z = 3.
3x—2)—(y—1)+4(z+1)=0.

[15.7) Maximum/Minimum Problems. 9-12, 13-22, 23-37, 41-42, 43-46, 62-66, 71.}

1. Find any critical points and classify each as relative maximum, relative minimum, or

saddle.

(a) Local max at (0,0).
(b) local min at (0, 1)
(c¢) Saddle at (1,2).
(d) Local min (£1,0). Local max (0, 0).
2. min 2% +y? + 2% = 2 at (x,y) = (1,0).

3. max V =2 at (z,y) = (1, 1).

[15.8) Lagrange Multipliers. 3-4, 5-6, 7-23, 26, 27—36.)

1. max = 3\/5, min = —3/3.

2. Area = 32.
3. D =+/30.

[16.1) Double Integrals, Rectangular Regions. 1-3, 5-6, 7-24, 25-35, 36-39, 40-45, 46-50, 53—54.}

1. ifoZ f13 2y — x dydx = 3.

2. (a) 01n(3) fol zye™ dydr = 1 — 1In(3).



fo fo mdxdy =

16.2) Double Integrals, General Regions. 5-8, 9-10, 11-27, 28-34, 35-42, 43-53, 57-62, 63-68,
69, 70, 71, 73-80, 85-90, 95-96, 99-102.

2 3y+1
L f; fyf:S 2y — ldedy = 5

2. (a) fo Y ey’ drdy = €0 — 1.
(b) ffz ff 120—2° dydr = %( 16 _6—16)

16.3) Double Integrals in Polar Coordinates. 7-10, 11-14, 15-18, 19-20, 21-30, 31-40, 42,
44-46,47, 49-50, 53-54, 57-60, 65-68.

1. Evaluate the integral by converting to polar.
(a) f04 fog (rcos(9))(rsin(0))r drdf = 32.
(b) 2z qraprdrdd = &
(c) f,, fzsec rdrdf = 3.

[ 16.4) Triple Integrals. 4-6, 7-14, 15-29, 30-35, 36-37, 38-46, 47-50, 51-54, 57-58, 62-63, 67—70.}

1. fo 1- 5o 4 dy—a® dzdydx
fo VT 4 Ay dzdxdy
fo fo _Zz_ﬂ dydzdx
fo mfo At dydxzdz

1—*2
fo fm dxdydz

4 4y
0 0 o dxdzdy

VIZE pd-2s
2. (&) Jy Sy e dydudz = %3

fo f fo 2y dzdxdy = 256

16.5) Cylindrical and Spherical Coordinates. 3-4, 9-10, 11-14, 15-22, 23-28, 29-34, 35-38,
41-47, 48-54, 58-61, 62-63, 64-65, 66-72, 77-79.

1. f fl -’ i%rdzdr(M:%ﬂ

2. f7 JiF [ o cos(0) sin® () cos(¢)dpdodt) = 32



3. (a) 2” f03 ff’ rdzdrdd = 9.
(b) 27 [ 3 [0 2 gin(¢)dpdpdd = 9.

4. L Y dadrdd = 2
b) 2]0 fcot 1(4/3) f3csc p Sln<¢) dpd¢d0 - %

16.7) Change of Variables. 5-11, 13-16, 17-22, 23-26, 27-30, 31-36, 37-39, 41-44, 46-47, 48,
50-52, 53, 56.

L2 7L dudu = LIn(3).
2. fo f1 u)(3) dudv = —6.

3.y fo 10r? sin(6) drdf = 2

[17.1) Vector Fields. 2, 8-15, 18, 24, 25-30, 35-42, 43-45, 47-48, 49-52.j

1.

2.

17.2) Line Integrals. 4-10, 12-16, 17-34, 35-36, 39-40, 41-46, 47-48, 49-56, 57-60, 62, 64-65,
68, 70-72, 73.

1. Evaluate the line integrals.
(a) [Z3(0) +t(2t)dt =
(b) [(2t)(~1+2t)(3)dt = 1.
(¢) [2,(t* —t)(4t3) + 2t dt = 104.1.

[17.3) Conservative Vector Fields. 7, 9-16, 17-30, 31-34, 39-42, 44, 45-50, 51-52, 54-56, 59-62, 63—64.}

L (a) ¢e.y) = V@
(b) #(3,4) — 6(1,0) = 4.

2. F = (1+ cos(y),2y — zsin(y)).

(a) g—i = % = —sin(x).
(b) é(z,y) =z + xcos(y) + y>.
(c) ¢(2,7) — ¢(1,0) = 72 — 2.



3. V x ﬁzﬁgb(x y,z) = % + xy + 2y + 25

[:17u4)(}reenfsrfheoren1 9-14,15-16,17-20,21-25,27-30,31-40,41-45,48,53-54.:]

1. f02 fol 2z — 2z dydx = 0.
2. (a) [Lt—+(t+2)20)dt+ [ (1—2t—1)(=2)dt =
b) J2, fiz 2dyd = §

3. fo "4 dydr = 4.

wn

__ 8
+2=8

4. fo% 16 cos*(t)+16 sin*(t) dt = 24, f027r f02 3r3 drdf = 24w (Thefirstintegralisalittletoohard/tedioust

[17.5) Divergence and Curl. 9-16, 17, 19, 21-22, 27-34, 41, 42, 44, 65, 67-69, 73.}

1. F should be (23, 22y, yz%). V- F = 422 4 3y22, V x F = (23,0, 2zy) .

96 0¢ 0¢\ _
2. VX<%,a—y,$>—O

3.V x F = (—ay,—2¢", yz — 2y) # 0.

[17.6) Surface Integrals. 9-14, 15, 17-18, 19-24, 25-28, 29-34*, 35-38%, 43-48*, 52, 70-72, 74—75.}

*. For 29-34, 35-38, 43-48, you must parametrize the surface by
r(u,v) and use the parametric form to do the integrals, rather
than the ‘explicit’ form indicated in the book here.

d

—_

. fo V1+7r2rdrdd = Z(52 — 1)

N

fozﬂ f02<_ cos(0) + 2)r drdf = 8w
. f03 fjgu V6 dvdu = 4.5/6
4. dS = (—f()f'(v), f(v)cos(u), f(v)sin(u)) dudv,dS = f(v Wdudv

(a) fo fo J weos(v) sin(v) — wcos(v) sin(v) + uv dudv = -

(b) Jo fousm \/1+u2dudv—§(22—1)

w

ot

[17.7) Stokes’ Theorem. 5-10, 11-16, 17-24, 30-33, 45.}




1. fOQﬂ 4sin®(t) + 4cos?(t) dt = 8w f f02 2rdrdf = 8.
2. [P 9sin?(t) + 9 cos®(t) dt = 18.

3. Jo [T [2dvdu =1

[17.8) Divergence Theorem. 9-12, 13-16, 17-24, 25-27, 30.}

L 27 (2[5 rdedrdd = 12— 27 (205drdg + [77 [216rdrdd = 12T,

2. Use the divergence theorem to evaluate ﬂs F-dS. The surfaces have outward pointing
normal.

(a) fo 5152 6 282 3dxdydz = 18.
(b) 0 s fo 3p sin®(¢) cos(¢) dpdpdf = 0.



