Exercises Part 8 with Solutions
1. Find all local extrema of the function
flx,y) = 2x% + 4xy — 3y? — 20x + 10y + 4

of =4x 4+ 4 20

af( ) = 4x — 6y + 10
ayx,y—x y

U

{4x+4y—20=0
4x —6y+10=0

4%+ 4y — 20 = 0

4x =6y +10=0

!

10y —30=0
y=3and x =2

1



Hessian matrix:

a’f  0%f
| ox* oxoy | (4 4
=1 a2r a2 _(4 —6)
oxdy dy?

D =
0x?dy? \0xdy

(2,3,-1)

2
O°f0%f ( o°f ): 4(—6) —4-4 = —40 < 0 saddle —>

f(23)=2-2244-2-3-3-32-20-2+10-3+4=—1




2. Find the indefinite integral of the following functions.
a)

f(x) = 2x+1)(4x3 + 2) + cos (x)

f(x) = 8x* 4+ 4x3 + 4x + 2 + cos (x)

8 .
F(x)=§x5+x4+2x2+2x+smx+6



4
—_ 2x+1 +
fix)=e 13
du du
u=2x+1; d—=2;dx=7
Substitutions: X
dv dv
V= 2x + 3; = 2:dx =
dx 2

1 1 1
2x+1 — _pu — _pU —_ 5,2x+1
]e dx jze du Ze Ze + C

4 1
jzx_l_de:jE ;dv—Zlnv—Zln(2x+3)+C

1
F(x) = Eezx“ +2n(2x+3)+C
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c)
1
flx) = (x +§)Si7’l X
Integration by Parts:

ju’(x) -v(x)dx = uv — j u(x) - v'(x)

u'(x) = sinx ;u(x) = —cosx|
v(x) = (x 4 1) V() = 1
3)

1
F(x) = | sinx - (x + 3) dx = —cosx - x + j( cosx - 1)dx =

1 1
= —(COSX - (x + 3) (—sinx) = sinx — cosx (x + 3) +C



3. Find the definite integrals:

a) 3
j 22x+1 dx
1

The Indefinite Integration by Substitution

Ny du du
Substitution: [u =2x+1;, —=2;dx = —
dx 2
1 Zu 22x+1
22x+1d — ]_Zud — —
j =24 M T ome T 22

3

1 1
22x+1] = (27 — 23) = ln_2 - 60 = 86,56

3
22x+1 dx = _
'[1 X 1 2ln2

[ 1
2ln2



3
] 22x+1 dx
1

The definite Integration by Substitution

u=2x+1
[u(1)=3
u3) =7

7

3 1 1
22541 gy = [—zu] = (27— 2%) ~ 86,56
]1 *=zmz % |, = 2mz ¢ )



-1
j 3x% - e*dx
—4
Integration by Parts:

ju’(x) -v(x)dx = uv — j u(x) - v'(x)

[u'(x) =e*;ulx) = ex]

v(x) = 3x%; v'(x) = 6x

j3x2-exdx=ex-3x2—jex-6xdx=ex-3x2—(ex-6x—ex-6)=
= 3e*(x? — 2x + 2)

-1
j 3x2-eX*dx = [3e*(x? —2x+ 2)]23 =
= 3e<—1>((—1)_24— 2(=1) + 2) — 3eCY((—4)? — 2(—4) + 2)) = 4,09
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4. Compute the total area between the function

1
flx) = ;lnx
the x-axis and the lines x; = 0,5 and x, = 4

1
flx) = ;lnx

x;y =05and x, =4
The roots of the function:

;lnx=0;lnx=0=>x=1




1
flx) = < Inx

The Indefinite Integration by Substitution

du 1
u=Inx; —=—; dx = xdu
dx x

j%lnx =j§/u/du =judu - uz2 B (anX)Z—

(lnx)

Area =

11 41
j —Inxdx | + j —Inx dx =
0,5% 1 X

- |2 an 12 -3 (n (05))°
12 2 ’

= |0 = 2 n(0,5))?
= |0 - (n(0,5)

(lnx) ]

+2(n (4))2 2 (n(D)Y’

1
+ 5 (In(4))? — 0 = 1,20
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5. Compute the total area between the following curves f(x) and g(x):
fx)=2x+1; g(x) = (x—1)>

Intersections:
2x +1 = (x — 1)*

2x +1=x%>—-2x+1
x°—4x =0
x(x—4)=0

X1=O;XZ=4‘
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Select some x € (0,4), e,g, x = 1: f(1)‘= 2+1=3> g(1)=(1-1)%=0;

U

f(x) = 2x + 1:ceiling; g(x) = (x — 1)?%: floor

4
Area = j 2x + 1—(x — 1D?¥dx =
0

4

4 4 1
= j (2x+1—(x?—2x+1))dx =j (—x? + 4x)dx = [—§x3 + 2x2] =
0 0 0

= 143+2 42 4+ 0 0—102
3 -3



