
MATH 10C: Calculus III (Lecture B00)

mathweb.ucsd.edu/~ynemish/teaching/10c

Week 10:

Homework 8 due Friday, December 2

CAPES

Final: Monday, December 5, 11:30 AM - 2:30 PM

Today: Method of Lagrange 
multipliers

Next: Review

w

@



Method of Lagrange multipliers. One constraint

flxiyhproblem
:

find the of on themaximumiminimum

glxiy
)oaurvedefined by the equationt c

that is

suppose that f is differentiable and C is smooth
.

problem solving strategy :
set up the system of equations using the followingtemplate

DfLxoiyo
)=xMgCxo,yo){ glxoigo)=o

Solve for 2o and yo (
may

have multiplesolutions,

The largest of the values of f at points (
ayo)

foundabove

maximizes fon C
;

the smallest of the values minimizes fon C.



More about step u

Lagrange multipliers used to find the critical points,are

The points of local minimal maxima are critical points.
but critical points are not necessarily local minimal maxima

Suppose(xo,yo)....(nign) are the points that satisfy the S

Lagrange multipliers equation and flxayo
)

a flxiy .) =...flaniyo)
if glxy)o is bounde

,

then (
oyo)

minimizesf onglxy)o,d

Cxniyn
)

maximizes f on glay
)o ( we know maximin exist

)

if glay)=
o is unbounded

,

visualize and determine whether

f gets larger or smaller as lay) goes to infinity along gixyko
if glxy)o is unbounded but we consider only a bounded

part of it
,

then checkthe alue of f at the endpoints
(

boundary)

of D



Lagrangewo constraints

problem
:

maximize Iminimize flay
,z)

subject to glxy
,z)=0

hlay,z)=o

problem solving strategy:
1. Determine the objective function f and the constraint

functions g
and h

2. Set up
the system of equations
7

f(xa

yo
, zo)= X

,Mgkayo,zo) + 12 Rh( oyo, zo
)

glkosyoszo
)=o,

hlxocyocto
)

=
o

3. Solve the system for Ko
. You zo (

may

have multiple solutions
)

4. Determine which of the points is max Imin (if exists
)



Lagrange multipliesTwo constraints

Example Find the closest point to the origin on the line

on intersection of the planes2 xty+22:9,5x+Jy+7z=29

Find the minimum of flxigiz
)

= x ty2+ z
2

subject to2xty+2z=9

5xtJytFz=2g

f
. flay

,z)

=
xty't8,9 -2

x7y-27-9,

hy by
.zlky

,.z)- 52+5y+77-29

2. Set up
the system of equations:

Zx
=XiZ+xzi5

fx = 2
x,

fy
-2y,

fz =2z

Zy=Xil+ d
2is

gx =2, gy =1, 97=2 2 z=X12+dz-Z
hx =5,

hy
=5, hz =7 {
5

x+5y

+
FE=2g

2xrytZz=g



LagrangeTwo
constraintss2

a-xiz+425 (1}

Zy =
X1l+ X

2.5 (2 }

ß

{2 z=X12+dz-F (3 \

2xtytZz=g Cu
)

(
x2)

2.2
x +2

y

+2.2z = 18

Jx
+5y

+7
Z=2g

(5) (
x2)

5.2
x +5.2

y

+7.2E =58

2-
C24t5d2)+(ditsda)+

2. (24, +712)=19{śCZxt
5dzJt5Cditsdz)x7C24t71zI

4
d,

t
10z

+4,
t5

d
2 +44, +1412 =18

{ 104,t 2512+5
d, +251 2+ 144, + 49 12 =58

xc
-

-
X1=z

91i+291z=18 zodi
+70d2740,

1,=2-74
z dz=o{ 294,+9912=58 29/2-712)+99 12=58, 584/7-29+99)12=58



Lagrange multiTwo constraints

4. Min
?

Max
?

f
(2,1z)=2+Ptz=g

Is the set determined by Zxtyt2z=9 Jar
5y

77
z=29

and

bounded
?.

Planes are not paralel
,

their intersection

is a line

How does flxyiz
)=

x?ty+z2 behave as (
xiy.t)

tends to

infinity along the line
?

If (xy,z) tends to infinity (in any direction ),
Xto

along the line
,

then flxy
,z)

tends to to

Conclusion: (2, 12) is the point of labsolute) \
minimum Vr

ta
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Name (last, first):

Student ID:

⇤ Write your name and PID on the top of EVERY PAGE.

⇤ The exam consists of 16 questions. Each question has only one correct
answer. Be sure to completely fill in the appropriate bubble in the bubble
answer sheet.

⇤ DO NOT REMOVE ANY OF THE PAGES.

⇤ No calculators, phones, or other electronic devices are allowed.

⇤ You are allowed to use one 8.5 by 11 inch sheet of paper with hand-
written notes (on both sides); no other notes (or books) are allowed.

This exam is property of the regents of the university of California and not
meant for outside distribution. If you see this exam appearing elsewhere,
please NOTIFY the instructor at ynemish@ucsd.edu and the UCSD Of-
fice of Academic Integrity at aio@ucsd.edu.
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Name

ID

Section

Date

Version A B C D E

Other

Marking Instructions
Be sure to completely fill in the ap-
propriate bubble.

Example
A B C D E

A B C D E
1 A B C D E

2 A B C D E

3 A B C D E

4 A B C D E

5 A B C D E

6 A B C D E

7 A B C D E

8 A B C D E

9 A B C D E

10 A B C D E

11 A B C D E

12 A B C D E

13 A B C D E

14 A B C D E

15 A B C D E

16 A B C D E

17 A B C D E

18 A B C D E

19 A B C D E

20 A B C D E

21 A B C D E

22 A B C D E

23 A B C D E

24 A B C D E

25 A B C D E

A B C D E
26 A B C D E

27 A B C D E

28 A B C D E

29 A B C D E

30 A B C D E

31 A B C D E

32 A B C D E

33 A B C D E

34 A B C D E

35 A B C D E

36 A B C D E

37 A B C D E

38 A B C D E

39 A B C D E

40 A B C D E

41 A B C D E

42 A B C D E

43 A B C D E

44 A B C D E

45 A B C D E

46 A B C D E

47 A B C D E

48 A B C D E

49 A B C D E

50 A B C D E

A B C D E
51 A B C D E

52 A B C D E

53 A B C D E

54 A B C D E

55 A B C D E

56 A B C D E

57 A B C D E

58 A B C D E

59 A B C D E

60 A B C D E

61 A B C D E

62 A B C D E

63 A B C D E

64 A B C D E

65 A B C D E

66 A B C D E

67 A B C D E

68 A B C D E

69 A B C D E

70 A B C D E

71 A B C D E

72 A B C D E

73 A B C D E

74 A B C D E

75 A B C D E

A B C D E
76 A B C D E

77 A B C D E

78 A B C D E

79 A B C D E

80 A B C D E

81 A B C D E

82 A B C D E

83 A B C D E

84 A B C D E

85 A B C D E

86 A B C D E

87 A B C D E

88 A B C D E

89 A B C D E

90 A B C D E

91 A B C D E

92 A B C D E

93 A B C D E

94 A B C D E

95 A B C D E

96 A B C D E

97 A B C D E

98 A B C D E

99 A B C D E

100 A B C D E
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A B C D E
101 A B C D E

102 A B C D E

103 A B C D E

104 A B C D E

105 A B C D E

106 A B C D E

107 A B C D E

108 A B C D E

109 A B C D E

110 A B C D E

111 A B C D E

112 A B C D E

113 A B C D E

114 A B C D E

115 A B C D E

116 A B C D E

117 A B C D E

118 A B C D E

119 A B C D E

120 A B C D E

121 A B C D E

122 A B C D E

123 A B C D E

124 A B C D E

125 A B C D E

A B C D E
126 A B C D E

127 A B C D E

128 A B C D E

129 A B C D E

130 A B C D E

131 A B C D E

132 A B C D E

133 A B C D E

134 A B C D E

135 A B C D E

136 A B C D E

137 A B C D E

138 A B C D E

139 A B C D E

140 A B C D E

141 A B C D E

142 A B C D E

143 A B C D E

144 A B C D E

145 A B C D E

146 A B C D E

147 A B C D E

148 A B C D E

149 A B C D E

150 A B C D E

A B C D E
151 A B C D E

152 A B C D E

153 A B C D E

154 A B C D E

155 A B C D E

156 A B C D E

157 A B C D E

158 A B C D E

159 A B C D E

160 A B C D E

161 A B C D E

162 A B C D E

163 A B C D E

164 A B C D E

165 A B C D E

166 A B C D E

167 A B C D E

168 A B C D E

169 A B C D E

170 A B C D E

171 A B C D E

172 A B C D E

173 A B C D E

174 A B C D E

175 A B C D E

A B C D E
176 A B C D E

177 A B C D E

178 A B C D E

179 A B C D E

180 A B C D E

181 A B C D E

182 A B C D E

183 A B C D E

184 A B C D E

185 A B C D E

186 A B C D E

187 A B C D E

188 A B C D E

189 A B C D E

190 A B C D E

191 A B C D E

192 A B C D E

193 A B C D E

194 A B C D E

195 A B C D E

196 A B C D E

197 A B C D E

198 A B C D E

199 A B C D E

200 A B C D E
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