Exercise 4.4

Answer 1E.

i 2
Fiven _Il\/;_d;r:— g +
Oafl+x &
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Answer 2E.

Given _I-u:oszdx = l x+lsin 2x+C
2 4
We need to verify that the formula is correct.
dil 1
HMow —| —x+—sin 2x+C
2 4

= ——x+l£sin 2x+iC
2dx ddx X

1
—.l+l.0032x£2x+0
2 4 cdx

_I-coszdx= l;r+lsin 2+
2 <4

Answer 3E.
Let us start the question from differentiation of right hand side.

g 1% 1 apel
]—1\ sinx — —sin"x -H‘r] = cosXx — — *3sin xcosx +0
ix * A
f 2
= COosX | 1 — cos .r).cnsx

3
= COsSX —CosX + cos X

3
= €05 X

Integrating both sides with respect to x,
; bogrm s 3
sink — —sin"x+ec= [ cos'xdx

Hence verified



Answer 4E.

Let us start the question by differentiation on right hand side,

i 2 o cx B E B i . .
dx |:3!?: {bx zﬂ]\fﬂ +bx +C'] : (bx 2.1;:]—q ——b+b M]

2 i Blhx — 2a) = 280 + bx) ]

147 2a + by

By — Zab = Juh + 287

3% = by

187y

N 3+ by

e 4

o "||||a— hx

Integrating both sides

{bx—Za}\,‘a +bx +c= | ﬁdr

2
1’
Hence verified

Answer 5E.

Consider the indefinite integral,
!(_‘[2 + x':}dx
The objective is to find the general indefinite integral.

Rewrite the indefinite integral as,

I[rz +l}lx
e
Therefore, the general solution is,
| 1
!(xz +F}lx J-{xz}dx+j-Fdx

3
el —1+C
3 x

Answer 6E.




Answer 7E.

Consider the integral, ![x‘ -%x’ +%x —2}#

Find the general indefinite integral.

Recall the formula for the indefinite integral.

+1

[wdr=2—rc ()

n+l

[[f(x)+g(x) e =[ £ (x)r+ [g(x)dx ... @)
ICf(.r]dx=cff{x]a'x s )

Thus, calculate the value of the integral.
f[x‘ —l:m.'3 +lx— 2}1 = Ix‘dx— Il dx + Il Xy — IZd’x By using formula (2)
2 4 2 4

=J-x4dx—%jx3dr+%jxdx—2jdx By using formula (3)

=——l —+lr——2.t+C By using formula (1)
5 2 4 4 2
5.4 .32
=Xt oy
5 8
i I 5 l xi x-l Xz
Therefore, I et —x-2 = —-—+—-2x+C
2 4 5 8 8
Answer 8E.

2

g o3 ;
(18" —24v)dy= - +185 —245 +¢

_ 3 >
= +06y — 12y +ec

n+1
X

Here we used the formula J'J_-” dx=

+C

n+ 1

Answer 9E.
Consider the following integral:
I(1r+ 4)(2u+1)du
Evaluate the indefinite integral.
J-(rr+ 4)(2u+1)du = J.(Zu2 +9u +4)du
= _I'Zu:du +I9u dit +I4du Separate all integrals
= Ejlfzd!l +91-u clt +4_[ du Using J-c_f[x)a'x 2 C_I.j'(:x]dx

241 1+1

i +9u
2+1 1+1

=2

ar4l
+dy+ ¢ Using Ix"d.x:x—+C‘,n #-1
n+l

i

=22 419! 4 4y+C Simplity
3 2

3 2
Therefore, I[u +4)(2u +1)du = 2%+9%+ du+C




Check: To check this solution. differentiate it.

3 2

B4 38" i =Ei[u3)+2i{u:)+4i(n}

dul 3 2 2 du 5 . -
pply differentiation.

=E-3u3+2-2u+4(l}
3 2

=2u +%u+4 S
Simplify and Factor
={u+4}{2u+§}

Hence, the check is verified.

Answer 10E.

Jv(uz -I-EJ2 dv= Jv(v4 +4y° +4) dv

= [ v +4v’ +avdy

¥

2
2

& o
= T ‘|‘4T +4 ‘|‘C

vﬁ 4 2
S +v +2v +¢

n+1

Here we used the formula J[x“ dx= | +C
Answer 12E.
2 l}j 2 =2
14+ — e = | wdu 4 | 1du + o
j[u LV = [od+ [ 1+ [
3 -1
¥ fha¥ pe
3 =
3
=u—+u—l+C"
3 .
Answer 13E.
J[ﬂ —cscﬂcotﬁj do= &T +csefl +¢
a+1
Here we used the formula J[x” dx= | +C

and the formula Jcscxcotx dx= —cscx +C



Answer 14E.

[sect(sect +tant) d = [ [sec’ +secrtan f] di

= tant +sect +¢

Here we used the formula J'SC'JEI dx=tanx +C

And [secxtanx d x = secx +C
Answer 15E.
f(1+t@n’a)da
Rewrite using the fundamental identity:

] +tan"x = sec x

[sec’wd @ = tana+e

Answer 16E.
_I-SIF 2x e .I-Esm.xn:osxdx
5N X sin x
= Elcosx ax
=Zanx+C
_I-Si# 2xc:t‘x= 2anx+C
sin X
Answer 17E.

We are given that

f[cusx-i—%)dx



We know that

) +g)ldx = [f(x)dx+ [gl)dx

Then, we can write

f[cosx+%)dx = feosxdx+ [ —dx

2
x

= sinx+% s E g

2

)
X

4

= sinx + i

2

x

I[Cﬂsx-l-%de =g+

g O

Here ( is a constant.

Take ("= (). we get

a

x

I[cosx+;¥)dx= sinx + —

Take (= 1.weget

el

X

I{cnsx+%}dx=sinx+ g+l
Take = 3.weget
I(cosx+;¥jdx=sinx+ : +3
Take (= —2.weget
I[Cosx+;¥JdI=sinx+ : 232
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Answer 18E.

We are given that

4

j[l —xg)_dx

2

Here, [1—x2)_= 1+ xt =22
Then,
j[l—f)zdx = [(1-2x"+x")dx
= [1+dx—=2[x"dx+ [x*dx

3 5
= S, E A ST
=3—2 ; + s +

5

LR e
3 g Ak

(1=4) dx =x=

Here (7 isaconstant.

Take (C= (). we get

j[l—xEJ_dx =x—= +T

Take (= ].weget



Take (= 3, we get

Take (= —2, weget
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Answer 19E.

Answer 20E.

Given il[4x3 -3 +2x}.:3x
1

[4:{3 — 3t +2x)dx = ]?. [4;{3 -3+ 2x)dx
1

P B3

1 241 (R el
P IO PG '.'J-xxdx: +C -1
341 241 141 n+l

4 3 2
—|af_zX 4 2£
473 7))

(x“—f+f)
=(2=2+2%)-(I'-F +1%)
=(16-8+4)—(1-1+1)

- (12)-(1)

=1

o By 1)

(4x 35t +2x)dx—11

Answer 21E.

1 1
Given I(—f,“+—z3—z]dz
Bl 4
n 1]
I[ ¢t g Ly }z’ I(lz‘*+lz3—:]d:
iy} 2

e 133+1 PERY \ il
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Answer 22E.

Given i(1+ 6@’*—10@“}1@
1]

T(Hem’*—10m4)m=i[1+6m2—10m“)dm
0 1]
+ 4143 +
=(m+ 6o’ 1_10534 IJ ['.'J-x”dx= x +C’,n:&—1J
241 4+1 ) +1

s 10a°Y
=| o+ —n
3 5 )

= (ca+ 2ar - 2&15)2
= (3+2_33 —2_35)—(0 +2.0° —2_05)

= (3+54-486) - (0)
=-429

(1+6m2—10m*)dm=—429

J=y S—

Answer 23E.

Given T(zx—3)(4x2 +1jdx

i}
2

2
[(2x=3) {42 +1)dx = [ (82" ~12# + 22— 3)x
0 0
41 241 141 ¢ o
5| TSP AP '.'Ix”dx:xx +Cne -1
3412+l 141 ) n+1

4 3 2
| R
4 g g .

(2;{4 —4x 4 —BxJE
(2_2‘* —4 2340t —3_2)—(2_0“ —4 07 +0P —3_0)
(

32-32+4-6)-(0)
2

(2x-3)(4x* +1)dx = -2

o S

Answer 24E.
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Given [e(1-)ar
£

1

jz(l—z)zdz = [e(1+e* - 2 Jae

= i (:3 — 2 +:)dz

|

e LR 1
= | qn
341 241 141,

4 3 2 » 4 N E » 2
o, B (el 0 1)
4 3 2 4 3 2
(1 2 1] [1 2 1]
= =S| =+ 24—
4 3 2 4 3 2
_(3—8+6]_(3+8+6]
o1 i
(18]
“hiz) L2
6
12
s
3
1 2
Iﬁ(l—z)df,:—
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Answer 25E.

[4sin 8-3 cosﬂ)dg

L=

=—dcosm—3sin A+dcos0+3sn 0
=-4(-1)-3(0)+4 (1) +3(0)

Answer 26E.

=—dcosf— 35in5‘E

= —%+2}I]—(—1+2)
(2o
=(0)-(1)




Answer 27E.

4 4 =L 11
I(4+6u]du=_|-[4.u3 + zjdu
o =
4 ! 1
=_|.{4.z.¢2 +6u2Jdu
1
4
—=+1 1—!-1 +
=4 z.tl +6& s ['.'_I-x”dx—
sibad s #ifid
2 1
1 3
uz_ ui
e ?
2 2
3

3 .
[8 47 14, 42J {8 12 +4.12J
=(82+48)-(21+41)

=(48)-(12)

=36

Hd‘:{f“ }m =36

Answer 29E.
45 4
We have J-‘j:dx = \.'SI- x My
11 % 1

=2£x1f2]4
_2\;—(( )m I:)la':'{)
= 25(1)

:

Answer 30E.

T3x-2 : 2 -1/2
“We have J—dxz”Bxl —2x )af’x
1

L x
_ 3,32 i 5 iz o
T 32 142

o
= 253,10 ]1

_ [2(9)3x2 _4[9)112]_[2 ('ljm _4[1)112-]
=54-12+2

= 4]



Answer 31E.

1,
2
— +—
l+1
2
"’3 5
o
=| —+
35
2 2

10+6"

_[30+192j_[
15
256

1

15J

256

_-_j:ﬁ{l+r}a‘t= 5

Answer 32E.




Answer 33E.

14cos' 8

cost 8

d8

O — e | Fln

cos’ 8 cos’

o Mo, . | By

—

2
1 +MJ¢9

(sec2 5'+1:| a8

= tan 5+5]ﬁ%

= (tan £+£]_(tan U+U)
4 4

=[+Z
4

Answer 34E.

T sin & +sin S tan’ &
1]

: a8
sec”

2i3gin 5'|:1+1351112 5‘)
_ j- e i N W1
! gect 8
! gect @
23
= I Singdg=—c055|]

1]

a3
0

T
g —cosE"‘COSO

=—l+l= -
7 2

Answer 35E.

143 T n asan
We h i i ’
£ have _[ \E x -Il-(x X ) x
~f e )
1

L B 1 i
=—t—
1/ 2 5f51

g3

= le.l'ﬂ +Ex5'llﬁ
5

Therefore,

leé’;dp[2[64)”2+§[64)ﬂ_[2mm+Emﬂ

5
6><32_
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Answer 36E.
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Answer 37E.

1

oY S

B ezl . 454
g +1 al +1
4 5

[{fx_j-f{fx_“)dx:.[[zf”+xm:ldx

Tl




Answer 38E

1

1

.I-(l+x2)3c£x=.|-(l+3xg +3x4+xﬁ)dx

a

Answer 39E.

:(——+3.3
2

{2

 —944425-9

F

3
I|x— 3|c;5'x = E
: 2

Answer 40E.

2

(J1ven “21{— 1|a’x

2

[|2x—1ldx =
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1]
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Answer 41E.

2 0 2
We have J-I:x—2|x|jldx:II:x—2|dex+J-I:x—2|x|jldx
o | -1 1]
0 a
= I(x+ 2x)cfx+.|-|:x— 2x)dx (zf x<l, |x|= —xand if x=210, |x|= x)
T]1 . i
:I3x dx+l[—x)dx
I

a

_BXET Jr:‘:|2
E: -1 2 0

2
-1
o BEE 8
2 2
= &
Answer 42E.
¥ ] ¥ ]

x
_[ |sinx|dx=_[|sin x|a!’x+ _[ |sinx|dx
0 i} x
322
sin xdx— I SN X A

x

=Y S—

if xE[D,ﬂ'),sinx::- U=>|sin x|=sinx,
And if xe(ﬁ,z?ﬁ],sinx -::U=>|sinx|=—sinx
= 3242
:—n:-::-s;r]tI +oog x]z

3w
= —cosﬁ+c050+cos?—cosj‘?

=1+1+0+1

=03



Answer 43E.

Given y=1-2x—5x*

x intercepts are -0.85 and 0.4 (approximately)

The area under the curve and above the x axis 1=
04

I [1—2:{—5;{4}1&

085

X

1+1

X

1+

x—2

1+1

x—x:’—xj]

5

4+1
0.4
.85

|

0z

045

]

(0.4)- (04 - (04)" |-| (-0.85) - (-0.85)" - (-0.85) |

= [ (0.3)-0.09-0.00243] - [-0.85—0.7225 +0.4437053125]

s 1349704
The required area 15 |A=1.35
Answer 44E.
YV =2% + 3xd - 2x6

the graph of the curve is :



25 225 2 47 15 125 1 4075 05 025 Y9 025 05 075 1 1285
Y[r)=2u+3n"4-24"6

observe that all the enclosed region is above x axis and the curve becomes parallel to y axis
below y axis.

s0 the function has assymptotes x = -3, 3.

now, using the fundamental theorem , we find the area of the curve between x =0, 1.372
which are the intersection points of the curve with x axis.

1.372
: 1372 4 [ S g s
le. | (21- +3y" —2x ) dr=x"+ : = } =3.556652
' 0
Answer 45E.

The graph is as follows:

Y

_dx.__ =2y’
1
O 1 ] E =

FlG.1



2
=ince area of the region is given by the integral .[u I:2y—_y2 )dy . B0 we have to

evaluate this integral with respect to ¥ for getting the area of shaded region.
We rewrite the integral as

E(2y—y2)dy = [;2y dy—f;yg dy
We used the property | I:[f(y)—g(y)}iy =I:f[y)dy—_[:g(y) dy .

And using fundamental theorem of calculus, since an anti-derivative of 2y is 3
3
And anti derivative of 3° is i

S0 we have

:
2
= y2 = };—3j|
o
23
=2 - |-(o-0
(#-2)-t0-0
= 4 = E
3
4
3
I 4
=0 area of the region is |= Sb
Answer 46E.
The graph 1s as follows:
A
| —
5] X
0% :J?: 0% 10 1%
1

nsd
FIGA1

Since y= #x then =z
o the area of shaded region will be _I.Dly'*dy.

We have to evaluate this integral with respect to ¥ for getting the area of chaded
region.

1
We rewrite the integral as .[o vy

E
Using fundamental theorem of calculus, since an anti-derivative of p* is y? :

So we have

=
=
=
&
Il
w|
—

|
=

|
il R O

S0 the area of shaded region is |= % I



Answer 47E.

Since w'(f) 15 the rate of growth of a child in pounds per year

10
S0 L W' [zjai'z will represent the increase in the child’s weight between the ages

from 5 to 10 years
Means w(10) - w(5) = Euw'(.ﬁ) clt

Answer 48E.
The current in a wire 15 defined as the derivative of the charge.
IH=0@)
B B
Then _[f(r)dr = J'Q (£t

B
By the net change theorem, JF' (X)dc=F(b)—F(a)
B
Then [Q'(t)dt = Q(8)- Q(a)
b
Therefore, II(Iﬂfrepresmt the change in the charge Q from time f=a to t=b_

Answer 49E.

Since # (z) 15 rate at which the oil leaks in gallons per minute at time £

And r(éjz —F'{¢) where I«"[z) 15 the volume of o1l at time t

Here negative sign indicates that the volume iz decreasing.
Then [ r(f)de=-[ V'()ds =—V(120)+7 ()
o o
1
Thus In r [:.C)a!’.ﬁ will respect the total amount of o1l (in gallon) that lealed in first
120 minutes.

1
O L F (i)dﬁ will represent the number of gallons of oil that leaked in first 2

hours.

Answer 50E.

& honey bee population starts with 100 bees and increases at rate of n'[z) bees
per weel,

Then 100 +I:5;z' [ﬁ)a!’z will represent total number of bees after 15 weeks.

Answer 51E.

_ W00 B _
Since .[mm £ [xjdx—RI:SUUU) RI:IUUU)
=0 this integral represents the increase in revenue when number of units 1s

increased form 1000 units to 5000 units
Or in other words

000 _ _ . -
Lum R [x) dx Eepresents increase in revenue when production level 15 increased

from 1000 to 5000 units



Answer 52E.

Consider that _,f'(_r] is the slope of a trail at a distance of x miles from the start of the trail.

Since, the first derivative of the elevation E with respect to the distance ¥, is the slope of the
trail.

Then I,I’(x} — EI{I} =— E(‘.}

"
Therefore, L f(x)dx :L h"{x}d,r
= E(5)-E(3) [By net change theorem]

Therefore, r f{x}u’.\' represents the change in the elevation E between x =3 miles to 5
¢
miles.

Answer 53E.

since x 18 measured in meters and § [x) 1z measured in Newton ().
1m
And L o [x).:ix represent the area under the curve of 7 (x) fromx=0to
x =100
_ 1m0 _ :
=o unit of L f[x)dx:umtc::f f[x)xumt of x

= MNewton=meter

=newton meter (Mm)

= Joules (I}

Answer 54E.

Given that units for x are feet and units for a [x) are pounds per foot

(pounds

-
Then units for d—a= e = paund;
dx feet [f.:.ot)

8
And since L @ f:x:l dx represent the area of the region under the curve from x =2
to 8 feet
g g 3 3
So unit of area _[ z( x)dx = unitof al x) xunit of x
2

= pounds per foot xfeet



Answer 55EE.

Consider the following velocity function.
v(t)=3t-5. 0<1<3.
The objective is to find the displacement of the particle.

The velocity v(r) is the derivative of a position function s(r) and then the
I
Integral L v(r)dr=s(r,)=s(r).

This integral gives the change of position of the object in the time interval [r,,rz].

Use this formula find the displacement of the particle whose velocity (in meters per second) is
v(j‘} =3r-5 inthetime interval 0<¢<3.

So. evaluate the integral j:[g; ~5)dt,

[[(3t=5)dt = 3rde~]5 an

2]

=[¥—%]-[5-3—5-0]

it L
2
-3
2

Hence, the displacement of the particle is _% meters| .

Find the total distance traveled we need to consider intervals when velocity is positive as well
as intervals when velocity is negative. We sum the distances traveled throughout each of these
intervals. To ensure distances are positive, we integrate the absolute value of the velocity
function. Hence, total distance is calculated:

Iz
fr. |v(1)|de
So on any subinterval when velocity is negative, the integrand becomes —v{t).
On the interval (< <3, the velocity function v[.f) =3¢t =15 is positive if.

=520
3t=5

5
i1>=

Hence. velocity is positive on the interval %{ <3

Then, the velocity is negative on the interval ( g;qg_

Rewrite the total integral by separating it over these subintervals:

_f::|v(£ )|t = I:|3: — 5]t

513 3
=[, —(3r=5)dr+ [ (3t-5)at

The first integrand is made negative because the velocity is negative on the interval )<yt < %



Evaluate the integrals using the antiderivative we found in part (a)
503 3
[ =(3t=5)dr+|_ (3t—5)dr

=~Fif —5¢

2

G
{(%{31’—5{3)}—[2
e

6

_{EHE

}‘J
i)

J-EH

3

3

1
+ |:~:ll = Sr}
2 =

3
2

5

_{n;-_s{o}]"

(3

)

Therefore, the total distance traveled over the interval <y <3 is o approximately,
6

6.83 meters|-

Answer 56E.

(&) Given v(t)=¢"—2¢-8, 12£26
g L

By the equation -L v(t)dei= 5t ) - 5(4)

The displacement 1z (in the time interval [1, 6])

St )-8t = J'lﬁv[z)dz = J'lﬁ(zg —2t—8)ds
[5-5]

]
:;»[fv(z)dz = {%3—62 = 8(6)}{

=[?2—36—48]—E—1—8}

By FTC-2)

Py
§—1 —8(1]}

=—12+E= g tn
3
Thiz means that the patticle moves toward the left
®)  v(t)=¢-2-8
=i 4+ 268
={t-4){t+2)

And so v[z) =0 on the interwval [1, 4]
And v[f) =0 on [4, 6], thus total distance traveled

- J'16|v[gj|dz = _[: [—v() e+ Lﬁv[z)dz

s I:(—zz 5 2z+8).:::‘.z+]'l::"(.z2 — 2 S)dz



2 53 4 £3 1]
= [ pole)|a ={——+z:‘+85} +{——:2—8r}
! 3 3

1 4
MELA TR MR WL R L.
3 3 3 3

152

= (—21+39)+[?— 36]

Answer 57E.

(&)  Given acceleration a()=¢+4 (in mfsg:l
Since acceleration & [I) = v'[.ﬁ) , where v(ﬁ) 1z the velocity at time £

The general anti-derivative of « [ﬁ:l 15

2
£ .
v[:zj = —+4i+ ', where O 15 any constant.
2

But given condition 15 v[O) =3

So, 5=0+0+C ar [C'=3]

Then we have velocity at titne £ 18
B
v(t)= 5+4.ﬁ+5 mfs

2
(B Since wvelocity at time £ 15 v[z) = %+4z +3

So distance traveled during the titne interval 0 <7 =10 i3
10
S(10)-5(0)= [ “v(e)ar

wf §2
=[] =+ae+5|a
vz
Tsing fundamental thecrem of calculus and properties of integral, we have

5(10)-5(0)= Emzﬂ +5_f}lu

0

10
= [$+ 200 +50:|

0
2500 1250

) 3

=16 2
3

o distance traveled during the time interval 0 =4 =10 iz 416§ ml.

Answer 58E.
(&)  Given, acceleration a(£)=2¢+3 IZin mfsj:l
Since acceleration a [.ﬁ) = v'[é)
Where v[é) 1z the velocity at time t
The general ant1 derivative of a (f) 15 v[:zj = +3+C where Cis any constant

“We have the given conditionv(ﬂ) =4

So —4=0+0+C or

Then we have velocity at titne t 18

it = +3%—4
) |




(B)  Zince velocity at time t iz v(:) =Ff+3%-4
And v[i) < 0on[0, 1] and v[:) =0on[1, 3]
So distance traveled during the time interval 027 <3 13

= Ll|v(z)|dz+jl3|v(z)|dz

= Iﬂl(—zz —3:+4)dz+f(z2 +3:—4:|dz

Tzing fundamental theorem of calculus and properties of integrals, we have

3 ! 3
S(B)—S[O):[—%—§z2+4z} +[%+§ﬁ2—4{
0 1
={—l—i+4}+{9+£—12}—{1+3—4}
2 2 2 302

39
= — meters
6
: ;s s . 39
So distance traveled during the time interval [0, 3] 1z = o m
Answer 59E.
We have been given that linear density ,O(xj =8 +2~f; (inkgfm)

Where x 1z length of rod measured in meters from one end of the rod
since total length of the rod 1z 4m (given)
So we have to find total mass of the rod from x =0to x =4

If m(x) 15 the mass of the rod then linear density 12 p[ ) [ )

2o mass of the rod betweenx =0 and x =4 i3
4
m(4) - m(O) = _L p(x)dx

=j:(9+2ﬁ)dx

Tzing fundamental theorem of calculus and properties of integrals

32
x ; ; #
[m 1g an anti derivative of \E

So total mass of the rod 15 = 46% kg

Answer 60E.

Given water flows from a storage tank at a rate of
7 (z) =200—4¢ Liters per minute, where 0 =¢ =50
We need to find the amount of water that flows from the tank during the first 10 minutes,

That is we need to find [[r(¢)d = [ (200 -4¢)a

1+1 10 Jr1tz+1
200¢ — J [Since [xtdx="—+Cn= —1}
+1

(s :
o]
-

200¢ - 2¢ )




Applying limits
= (200(10)- 2(10%}) - (200(0)-2(0*))
= 2000-200)-(0)
=1s00
The amount of water that flows from the tank during the first 10 minutes 15 liters

Answer 61E.

The displacement of the car over the interval [{]Ij I{}D] is found by integrating the velocity:

["v(r)dr=5(100)-5(0)

Here. s(t) is the position of the car at time . Hence, the integral is the difference in position
from start to finish.

The total distance is to be estimated over the interval [{}ﬁl{]{}]. To use midpoints, subdivide the

interval into 5 subintervals:
[0,20], [20,40], [40,60],[60,80] ,[80,100]

Then, use the midpoints 10, 30, 50, 70, 90 to evaluate the velocity in the Riemann sum. The
Riemann sum is as follows:

&

2 v(67)ar = Ar[ v(10) +v(30)+v(50) +v(70) +v(90) |

= M[38+58+51+53+47]
= Ar[247]

The length of each subinterval is 20 seconds. However, since velocity is measured in miles per
hour, convert the time interval to hours:

20sec :Zﬂsec[ L neg ][ i hnurJ

60sec /| 60min
20 hour
3600

:Lhuur
180

Therefore, ;},;:L hours.
180
Then, the Riemann sum becomes the following:
1
A 24T =—(247
[247])= ==5(247)

=1.37
Therefore, the total distance traveled by the car is approximately [1.37 miles|-



Answer 62E.

(@) The total quantity of material over the time interval [{L 6] is found by integrating the rate

function:

L]
!ﬂ r(1)dr=0(6)-0(0)
Where Q(r] is the material spewed at time {. Hence the integral is the difference in material in

the atmosphere from start to finish.

We can approximate the definite integral with the Riemann sum. Expressed in sigma notation,
the Riemann sum over a partition with n subintervals is:

Zf(X]AX = (57 A+ £ (5 ) Ay o £ (5 A,

Where each ,rr_' is a sample point in the ith subinterval and Ax, is the length of the fth
subinterval. Often, we will use subintervals which each have the same length. When the
subintervals each have the same length, the length is calculated:

b-—a

n

Ar=

Where the interval is [a,b] and the partition contains n subintervals

Then the Riemann sum becomes:
;f(x"]d,rj :ﬁr[f(x,l)+f[x;)+---+f(x"']]

Since the amount of material increases over time, we can find an upper estimate by using the
right endpoints. We can subdivide the time interval into & sub-intervals:

[0.1]. [1.2]. [2.3].[3.4] .[4.5].[5.6]

Each sub-interval has length Ay =1 second. With the values r{r) from the table we can use

the right endpoints 1, 2, 3, 4, 5, 6 to evaluate the amount of material in the Riemann sum._ The
Riemann sum is:

1]

Zr(:f’ g = Ar[r(1)+7(2)+7(3)+r(4)+7(5)+#(6) ]

t=1

=1[10+24+36+46+ 54+ 60]
=1[230]
Therefore, an upper estimate for the amount of material spewed is 230 tonnes|-

Similarly, we can find a lower estimate by using the left endpoints of the sub-intervals
0. 1,2, 3,4, 5. Then the Riemann sum becomes:

r(:r.‘)m,. = ar[r[{i] +r(1)+r(2)+r(3)+r(4)+ r{S}]
=1[2+410+24+36+46+54]
=1[172]

Therefore, a lower estimate for the amount of material spewed is _

L1
il

r



(b) To use midpoints, we subdivide the interval [(],6] into 3 subintervals:

[0,2]. [2.4]. [4.6]

Each of these sub-intervals has length Ay =2 seconds. We can use the sub-interval midpoints
1, 3, 5 to evaluate the amount of material in the Riemann sum. The Riemann sum using
midpoints is:

gr(f;)m, — A r(1)+r(3)+r(5)]
=2[10+36+54]
=2[100]
=200

Therefore, using the Midpoint Rule, the amount of material spewed is approximately

[200 tonnes]
Answer 63E.

The following diagram shows the rate of the change of volume of the water in a tank with
respect to time.

rznndr
£

500
t
-1 0 ] 3 3 ; i
-300 \
-1000 \\

Use the midpoint rule to find the amount of water four days later.
The more rectangles we use, the better our estimation of the distance traveled will be.

In this case, we will use midpoints to estimate the graph using eight rectangles:

azan
e T

L A




Find the area of the each rectangle using the formula A, = wh, width multiplied by height.
From the figure it is observed that the all the rectangle have same width 0.5 unit.

A, =0.5(1200)

A, =0.5(1600)

A, =0.5(1800)

A, =0.5(1700)

A= 0.5(1200}

A = 0.5{300]

A4, = 0.5(30-0}

A4, = 0.5[900)
Write the integral to estimate the amount of water flown out from storage tank.
Amount of water =J’:\r[r}|dr =A+A+A+ A+ A+ A+ 4+ 4

Evaluate the amount of water flown out from the storage tank.

f:|r(r}|d: =A+ A+ A+ A+ A+ A+ A+ A,
_{0.5(1200]+0.S{1600]+{}.S{I80{))+0.5[1?DD)

+0.5(1200)+0.5(300) +0.5(300)+0.5(900)
=4500

Hence Amount of water flown out from the storage tank is 4500 L.

The amount of water initially is 25,000 L so the amount of remain in tank four days later is
25,000 L-4,5000 L ={20,500 L|

Answer 64E.

Given the graph of traffic on an Internet service provider's T1 data line from midnight to 8:00
AM is

4D

0.8

04

o
¥~

The objective is to use Midpoint Rule to estimate the total amount of data transmitted during
that time period.



Midpeoint Rule:
J[ £ ey 31 ()

(7)1 s )]
h—a

n

Where Ay = and

X, = E(x"’ +x,) = midpoint of [x,._],.r,.]

Divide the interval [(],8] into four subintervals

Then

80
4
=2
Intervals are [0,2],[2,4].[4.6].[6,8]
Midpoints are 1,3,5,7-

Therefore, the total amount of data transmitted during the time period ¢is,
]
J, pdi=2[f(1)+ 1 (3)+ £ (5)+£(7)]
=2[0.3+0.5+0.55+0.8] (from the graph )
= |4.3(] megabits/second |

Answer 65E.

The graph of the power consumption in the province of Ontario, Canada, for December 9,
2004 ( p is measured in megawatts; ¢ is measured in hours starting at midnight) is shown
below.

22000 1

20,000

18.000

lﬁ.[)U(! JJ : —l—__:'". oo — ==n ]_ e
i i [T 1] oL
0 3 6 9 12 15 18 21 t

Independent Electricity Market Operator

The objective is to by using the above graph estimate the total consumption I:‘ Pt -

Midpoint Rule:
[ de= 37 (%)

a7+ 17+t £ (7)]
b—a

M

Where Ay = and

- 1 i
x= E{x,_, +x,) = midpoint of ]:.r,._1,x,]



Divide the interval [{], 24]irat0 four subintervals

Then

g 28
6
-4
Intervals are [0,6],[6,12].,[12,18],[18,24]

Midpoinis are 3,9,15,21.

Now by midpoint rule

24
[ Pdi=6[ P(3)+P(9)+P(15)+P(21)]
=6[16500+ 20800+ 20500+ 21900] (from the graph)
= 478200 megawatt-hours

Hence, the total consumption on that day is |4?SEDD rne,g,awatt-huurs]

Answer 66E.
a)

The equation the calculator gave for this graph is
V[:j = 0.001467° —0.115531% +24.981691 —21.26872

b)

h[lZS] —h[ﬂj = [Pupde= [&000365:“ —0.03851¢" +12.490845¢°

12
—m.zﬁsm] =~ 206.407ft
L]

Answer 67E.

We are given that

J(sinx +sinhx) d x



£ e

sinhx =

Then

%

[(sinx +sinhx) dx = J‘[sinx-l—%ﬁjdx

- J'sinxclx+l? i [er -I—e_I) dx

= —cosx + %[ex —e_x]-l—C

—

= —cosx +—— +C

= —cosx +coshx +C
= [ (sinx +sinhx) dx = —cosx +coshx +C
Where C is any constant.
So, the required solution is
f(sinx +sinhx) d ¥ = —cosx +coshx +C

Answer 68E.

We are given that

2et {

0
/=0 e ——— IL 1 ]

We know that

3 - x -

Let
; 7"
X L=
f sinhx + coshx
o 2e"
- S K=t
2e*
i~+l'_K+F'~ _“_K




Then, we can write

ff’nﬁ t d.t=j:_n;r,2 dx
- 1D
= 2] _jodx
= E{X}E—”m
= 2[10 +10]
= 2[20]
=40
rz—nnh—, cdx=40
SIENX — COshX

Therefore the solution is 40.

Answer 69E.

We have to evaluate I(xg +1+ 21 ]a’x
41

We can rewrite the integral

_I.(J'c:4 +]+ﬁ]dx=lxzdx+_[ldx+_[ﬁdx

Us following formula

x:u+1
J-fdx B #+l

Iﬁ:dx:ﬁ:;r+i:'2 “Where Cg and k are constant

+ Where Cy 15 any constant

1 - .
I —— =tan ' x+C, Where Cs is any constant

x+1

Zo we have

3
I(xg +1+ x21+1]dx= [% +C1J+(x+r:’2j+(tan'1 x+Cy)

3
=%+x+tan_1x+[C1+C’2+C3)

since O, Chand O are constants so O +C5 + 05 =T 1z alzo constant
=0 we have

1 ; .
_I-[x2+1+ g _Jat’x:x?+x+tan_1x+l‘f,‘r Where C i3 any constant
r+

Answer 70E.

We are given that




5
Let f x]z de= 1),
=
: P L |
rlx)= T
&

:c»f{x]=l‘_3+%——:

By using the formulas

n+]
x

1l

[x"dx= +Cy

f% dx=Inx +C,

[kdx=kx+C;
Where (,;, C,and C; are constants.

2 =1
i

—dx= ff[x—?r-k%— 'z]dx

= f?xdx—Bﬂldx-Hﬁ%dx—ﬁ =l

- [I; ]? —3[x]7 +3[Inx]; — [—%]2

= [i —;—]—3[2—1]+3[In2—1n1]+[;— —1]
[2—%]—3[1]+3[1n2—0]+[;—|]

= 2 -3+3mn2-

1
2
= In8 —2
2 = 1)}
Ji=——dx =mg8—2
So, the required solution is |p8 —2

Answer 71E.

We are given that

¥ o

4
=1



wo()- 52

We can write

By using formula

[——dx=tan"'x+C

I+

Then

= tan ﬁ—tan_ﬂ
e
_r
:Joﬁ —dr T %

So, the required solution is %

Answer 72E.

Fig. 1 Fig. 2

Criven that B = 34 -1



We can find the area A by integrating the function e in the interval [0, a]

So A= J-aé'”.:fx
0
An anti derivative of " i3 2", s0 by the fundamental theorem of calculus part 2,
3
we have I Flx)dx= F[x)]i where F'= §
S50 A=g ]D

Or A=e—&" or Since IZECD = 1)

If we integrate the function y =¢" from 0 to b then we can find the area labeled B

Boili= -I-;e?”dx ar (ﬂcn = 1)

Since B =34

So &’ -1=3[e"-1]

COr e’ —1=3z-3

Or & =3%-2 taking ln of both sides

L =1n(3.§'fl - 2) Since [ln a" =?z:|




