Math 220 - Calculus f. Business and Management - Worksheet 32

Solutions for Worksheet 32 - Integration by Substitution
Exercise 1: Find the derivatives of each of these functions

1a): f(x) = 37" 2z 1b): f(z) = (2* 4 32)%7

Solution to la:

d .- .
Chain rule: —(63“’2”1’) =|(6z + 2).€3x2+2x
X

Solution to 1b:

d
Chain rule: d—(mQ +32)%" = ’ (22 + 3)-27(z? + 32)2° ‘
X

Exercise 2: Use what you have seen in problem 1 to set up integration by substitution for the following:

2a) : /(63: + 2)63x2+2x dx 2b): /5(296 + 3)(2? 4 32)* dx

Solution to 2a:

2 du
u(@) =32 + 20 = —— =62 +2 = du = (62 + 2)ds
X

Solution to 2b:

d
u(z) =2° + 3z = d—u:2m+3 = du = (22 + 3)dx
x

N / 522 + 3)(22 + 32)% dw — / W2 (5du) = 5 / Wy = (520 + C = |(5/27) (a2 + 30) + C

Exercise 3: Solve these integrals using substitution:

2 4 5
3u);/(39:+2)4dx 3b) : /te3f dt 3c): /21»\/51»27—2@ 3d): —— qdo
26
3e):/x(x—2)5d;v 3f) : /eStdt

Solution to 3a:

d
u(z) =3¢ +2 = d—u:3 = du = 3dz = do = (1/3)du
X

d 1 11 3z +2)°
= /(3x+2)4dx:/u4§u: g/u4du:§«gu5+0: %Jrc




Solution to 3b:
du

du
t) = 3t? — = 6t du = 6t dt dt = —
u(t) =3t° = o 6t = du =6 = o

342 du 1 1
= te’ dt = te“a:6 e"du:6-e“+C:

'€3t2 + C

S| =

Solution to 3c:

d d
u(aj) =522 — 2 = o = 10z = ?U = (2.’L‘)dCL'

dx
du 1 1 2(5x? — 2)3/2
2 9\1/2(92) d :/ 120t 1oL 32 _
:>/(5x )/ (2x) dz u 7 3/2u +C R +C
Solution to 3d:
du du
_ .6 _ b _ .5 _
u(x)—x—8=>%—6x édu-Gxdmédm—@
R Y T R L e
/xG—Sx_ u6:c5_6/u"_3n‘“ = g9

Solution to 3e:
We substitute u = x — 2. Then du = dx and
r(z—2)° = (u+2)u’ = u® +2u°
= /x(x—2)5dac = /u6+2u5du = (v )T +u%/3 + C

Solution to 3f:

We substitute u = 5t. Then du = 5 dt, and
1 1 1 1
5t _ = 5t _ u — U — | = ot
/e dt—5/e (5) dt 5/edu 5e+C = + C|

Exercise 4: The marginal profit in thousands of dollars as a function of items sold is P'(q) = 3q(q* + 2)%. The profit
from selling 30 items was $10, 000.00. Find the equation for the total profit.

Solution to 4:

We obtain the profit function P(q) by doing an [ ...dq on the marginal profit P'(q) = 3q(q* + 2)* (thousands of
dollars):

3du
ulp) =¢* +2 = — =2¢ = — = Ba)dg
3d 31 24 9)3
= P(q) = /(q2+2)2(3Q)dq = /u2 2u = =gz = %Jrc

We still must compute C. For that we shall finally use the fact that the profit from selling 30 items was $10,000.00
which translates into P(30) = 10 and NOT P(30) = 10, 000 because the profit function P(q) measures profit not in



dollars but in thousands of dollars:

(302 +2)3 9023
P(30) = 10 0 =10 5 =4+ C =10 = C = 10 - 366,935,404.00
(¢ +2)°
— —366,935,304.00 = |P(q) = " — 366,935,394.00




