ECONOMICS 207
SPRING 2008
PROBLEM SET 5
KEY

Problem 1. Solve the following systems of equations for x; and x; using the method of substitution.
a.

{x; = 125, x, = 32}
100x;2/3x3/° —32 =0

180x]/3x,2/5 — 225 =0

From the second equation,

180x1/3x,%/° — 225 = 0

X185 = 225/180 = 5/4
13— 5/4x3/5
xl_l/3 = 4/53(2_2/5

= M = (4/5)%2x,%0

B
:(

Substitute x;° 2/3 = (4/5)%x, 4/5 into the first equation.

100x;%/3x3/° —32 = 0

= 100 ((4/5)%, %) 5}/ = 32
= 64x, /% = 32
N 55 = 27
=

v =(21)"=25=3

Substitute x, = 32 into x%/ 3=5/ 4x§/ 5,

x%m = 5/4x%/5
= /8 = 5/4x322/5=5
= x = 5 =125

So the solution is
x1 =125, xp =32
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{x1 = 729, Xy = 81}

162x, 6/ —2 =0
243x}/6x, /% —27 =0

From the first equation,

—5/6.1/4 _
162x1 X5 -2 =0

= X/t = 2/162
1/4 _ 1.5/6
= 0= N
-3
-3/4 _ 1.,5/6 _n12,.-5/2
= X, = (ﬁx1 ) =3"x

Substitute x, 3/4 — 312x; 5/Z into the second equation.

243x1/0x,3/% —27 = 0
= 2432)/° (324°7) = 27

N 317xf7/3 — 3
N x1—7/3 — 314
N A= 32
= x; = 30=729
Substitute x; = 729 into xé/ 4= 81—1x“;’/ 6,
A= e
= )/t = L x729/6=3

So the solution is



ECONOMICS 207 SPRING 2008 PROBLEM SET 5 KEY 3

Problem 2. Solve the following systems of equations for x; and x; first using the method of substi-
tution and then using the method of elimination.

a.
{x1 = =1, xp = 2}
2x1 + 2xp =2
3.’)C1 + 4x; =5

Method of substitution:

Rearrange the first equation.
2x1+2x = 2
= x1 = 1—x

Substitute x; = 1 — xp into the second equation.

3x1+4x; =5
= 3(1 —XQ) +4x, = 5
= Xp = 2
Then X1 = 1-— Xy = —1.
So the solutionis x; = —1, xp = 2.
Method of elimination:

Add the first equation multiplied by —3/2 to the second equation.
3x1 +4x5 + (2x1 +2x) x (=3/2) = 5+2x(-3/2)
= Xy = 2
Add the first equation multiplied by —2 to the second equation.
3x1 +4xp + (2x1 +2x2) x (=2) = 54+2x (-2)
= —x1 = 1
= x1 = —1

So the solutionis x; = —1, xp = 2.
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{xn =
7X1 +
3X1 +
Method of substitution:
Rearrange the first equation.
7x1+5x, =
= 7x1
= X1

1, X2

3}

5X2 =22
ZXQ =9

3x1 4+ 2x7
= 3((22-5x2)/7) 4+ 2x;
= 66/7 —x2/7
= 66/7 —x2/7
= —x2/7
= X3

Thenx; = (22—-5x%3)/7 = 1.
So the solutionis x; =1, x, = 3.

Method of elimination:

22

22 — 5x,
(22 —5x,) /7

Substitute x; = (22 — 5x) /7 into the second equation.

W O VW O O O

—66/7=-3/7

Add the first equation multiplied by —2/5 to the second equation.

3x1 4 2xp + (7x1 + 5x7) x (—2/5)
X1/5

X1

=
=

9422 x (—2/5)
1/5
1

Add the first equation multiplied by —3/7 to the second equation.

3x1 4+ 2xp + (7x1 + 5x2) x (—3/7)

=
=

So the solution is x; = 3, xp = 3.

—XZ/7

X2

9422 x (—3/7)
—3/7
3
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Problem 3. Solve the following system of equations for x1, xp, and x3 first using the method of
substitution and then using the method of elimination.

{x1 =3, % =1, x = -2}
X1 + xp + x3 =2
5x1 + 6xp + 4x3 =13
3x; — 2xp + 7x3 = =7
Method of substitution:
Rearrange the first equation.
X1+x2+x3 = 2

= Xp = 2—Xxp)—Xx3

Substitute x; = 2 — xp — x3 into the second equation.

5x1 + 6xp +4x3 =13
= 5(2—xp —x3) +6x2 +4x3 =13
= Xp —x3=23

= X2 =3+ x3 M
Substitute x; = 2 — xp — x3 into the third equation.
3x1 —2xp +7x3 = =7

= 3(2—xp —x3) —2xp + 7x3 = =7
= —5xp +4x3 = —13 2)
Substitute equation (1), i.e., xo = 3 + x3, into equation (2).
—5xp +4x3 = —13
= —5(3+x3) +4x3=—-13
= —x3=—13+15

= X3 =—2

Thenxy; =3+x3=3-2=1;,xy=2—-x—x3=2—-1—(-2)=3.

So the solutionisx; =3, xp =1, x3 = —2.



6 ECONOMICS 207 SPRING 2008 PROBLEM SET 5 KEY
Method of elimination:
Add the first equation multiplied by —5 to the second equation.
5x1 4+ 6xp + 4x3 + (X1 +x + X3) X (—5) =1342x (—5)

= Xp —x3=3 (3)
Add the first equation multiplied by —3 to the third equation.

3x1 —2xp +7x34+ (x1 +x2 +x3) X (=3) = =742 x (=3)

= —5xp +4x3 = —13 4)

Add equation (3) multiplied by 5 to equation (4).

—5xp +4x3+ (xp —x3) x5=—-13+3 x5
= —x3 =2
= X3 = —2
Add equation (3) multiplied by 4 to equation (4).

—5x2+4x3+(x2—x3) x4=-13+3x4
= —xp = —1
= xp =1

Add x; = 1 multiplied by —1 to the first equation; and add x3 = —2 multiplied by —1 to the first
equation.

X1+XpF+x3—x—x3=2-1-2x(-1)
= x1=3

So the solutionisx; =3, x; =1, x3 = —2.
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Problem 4. Find the derivatives of each of the following functions with respect to x.
a. y = 4x> — 328

dy _ 2
E—Sx 9x

c. f(x) = 5x3 — 2log|x]

f(x) =15x% — =

d. f(x) = 2x° — 5x* + 4%

F(x) = 10x* — 20x% + 4% log(4)

e. f(x) = 15x1/2 + 9x?/3 — 18x1/¢

= 175x_1/2 +6x71/3 —3x75/6

f'(x)

f. f(x) = 5x3 —2xe*

f(x) = 15x% — (2¢* + 2xe¥)

= 15x2 — 2¢* — 2xe*
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g f(x) = 3x°log[x]
f(x) = 15x% log[«] +3x5§
= 15x2 log|[x] + 3x*

h. f(x) = (4x — 2)? Find in two different ways.

Use chain rule

fl(x) =2(4x - 2)
—32x— 16

Find the derivative after expanding

f(x) =16x* —16x +4

f(x) =32x—16

. 3
L. f(x) - 2xgi4x

5x2
fl) =54
F(x) = 10x(2x +4) —5x% x 2 20x* +40x — 10x?
B (2x +4)? a 4(x +2)2
_ 54200
C2(x+2)?

) = A
_ (2x4+1)(Bx—2)  3x-2
&) = =9~ x—4

iy 3(x—4)—(3x—-2)
f(x)_ (x_4)2
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Problem 5. Find the derivatives of each of the following functions with respect to x.
a. f(x) = (2x* + 3x)3

f(x) = 3(2x% +3x)2(4x + 3)

b. f(x) = (6x — 5)(2x + 3) Show two ways.
Method 1:

f'(x) = 6(2x +3) + (6x — 5)2
=24x+8

Method 2:

f(x) =6x(2x+3)—52x+3) =12x24+8x—3

f(x) =24x+8

f(x) — 362x2+3x +3x62x2+3X(4x +3)

= 3623 (1 4 3x + 422)

d. f(x) = 3x*log[2x? + 3]

"(x) = 6xlog[2x? + 3x] + 3x2 4x 4+ 3
23

2x2 4 3x

12x2 + 9x

_ 2
= 6xlog[2x” + 3x] + 713
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e. f(x) = 2x°log[2x? + 4x]

f'(x) = 6x%log[2x? + 4x] 4 2x°

1
4 4
2x2+4x( x+4)

X3 (4x +4)

 Gy2 2
= 6x“log[2x” + 4x| + 2 ox

f. f(x) = el® —4x)?
f(x) = el¥ —4x)? (2(x3 — 4x)(3x% — 4))

= 2(x% —4x)(3x% — 4)6“‘374@2

2xe3*

263 4 2xe% x 3) log(x) — 2xe* 1
) x
[log(x)]?

(263 + 6xe®) log(x) — 23
[log(x)]?

263% + 6xe3* 2¢3%

flx) =

log(x) [log(x)]?
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2X
h f(x) = 5if
£(x) (3¢%* + 3xe?* x 2) (4x1/2 +2) — 3xe?* - 2x71/2
X) =
(4x1/2 +2)2
B (3¢%* + 6xe*) (4x1/2 +2) — 6x1/2%*
- (4x1/2 4-2)2
3% + bxe?* 6x1/2e2
4x1/2 42 (4x1/2 +2)2
i f(x) = 3xe>
F/(x) = 362 + 3x¢" - (4x)
= 3¢ 1 12522
_ 3 2x2
jo flx) = #bg[x}
(362"2 + 12x262"2) (x2 4 2log][x]) — 3xe* (2x +2)
fl(x) =

(x2 4 2log[x])?

B 362 12x2e2% B 61262 1 62
x* + 2log]x] (x2 4 2log[x])*

KEY

11
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Problem 6. For each of the following, take the derivative with respect to x;, set the derivative equal
to zero and solve the resulting equation for x;.

a. {x1 = 243}
flx1) = 3645x1/° — 9x

£ = 22045 g

= 729x, %% — 9
Set f'(x1) = 0 and then solve the equation.

fl(x) =729x45—9 = 0

= Y = 9/729 =374
= x%/S =3
= x; = 3°=243

b. {x; = 216}

f(x1) = 540613 — 5x

f'(x1) = 180x;%/% — 5
Set f'(x1) = 0 and then solve the equation.

fl(x1) =180x;2° =5 = 0

= 180x; 2% = 5

= 2P = 1/36 =672
= x%/g' =6

= x; = 65 =216
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c. {x; = 256}
flx1) = 768x1"* — 3x

7
foa) = "84 -

=192x; %4 -3
Set f'(x1) = 0 and then solve the equation.

flx) =192x,%4 -3 = 0

= 192x,34 = 3

= ¥t = 3/192 =473
= x%/‘l =4

= x; = 4* =256

PROBLEM SET 5

KEY
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Problem 7. Do the following problems from the book.

a. Section 6.2
1) 1 (The comparison is with equation 6 in the text, not problem 6)
2) 3
3)5

b. Section 6.3
1)1

c. Section 6.4
1)1
2) 3
3) 7

d. Section 6.5
1) 1a
2) 1b
3) 1c
4) 1d

e. Section 6.6
1) 3a
2) 3b
3) 3c
4) 3d
5) 3e
6) 3f
7) 3g
8) 3h



