IB Questionbank Maths SL

SL - Integration Volume of Revolution

Answers

0 min
0 marks

attempt to set up integral expression

2 2
e.g. 7] V16-4x’ dx,znj: (16-4x?), [16-4x" dx
) 4x3
j 16dx =16x, j 4x dx=T (seen anywhere)

evidence of substituting limits into the integrand
e.g. 32—3—2 - —32+3—2 ,64—El
3 3 3

128t
volume :T

(a) evidence of valid approach
e.g. {x) =0, graph
a=-1.73b=1.73(a=-v/3,b=+3)

(b) attempt to find max
e.g.settingf'(x) = 0, graph

c=1.15 (accept (1.15, 1.13))

(c) attempt to substitute either limits or the fime into formula
c 1149..
e.g.V= njo[f(x)]zdx,nj[xln(4—x2)]2,njo y2dx
V=216
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(d) valid approach recognizing 2 regions
e.g.finding 2 areas

correct working

-173.. 1149.. 0
e.g.L f (x)dx + jo f (x)dx; - j_m

area = 2.07 (accept 2.06)

attempt to substitute into formwéa= I my2dx
integral expression

e.g. njoa (Wx)2dx, nI X

correct integration

e.g.J.xdx:%x2

- 1
correct substitutioV = 7{5 az}

equatingtheir expression to 32
e.g. nEaz} =32

a’=64
a=8

(@ finding the limitsx = 0,x =5
integral expression

e.g. J.;f (X)dx

area=52.1

(b) evidence of using formula= J.nyzdx
correct expression
5 o 4
e.g.volume =nJ.O X (x—5)"dx

volume = 2340

(M1)

(A1)

F (X)dx + jol“g"f (xX)dx

A2
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(©

(@)

(b)

(©

a
area isjox(a = x)dx

{ax2 X3T
2 3 0

substituting limits

a® ad

eg. ———
J 2 3

setting expression equal to aredrof

correct equation

a’? at

eg = -= =521a*=6x521,
2 3

a=6.79

finding derivative
1

1 -5 1
e.g.f(x) = =x 2,
2 2Jx
correct value of derivative or its negative reogal (seen anywhere)

eq L1
ot 2

1
gradieniof tangent

gradient of normal = (seen anywhere)

1
g ———— =4, 2
“S @ I

substituting into equation of line (for normal)
e.g.y—-2=-4k-4)
y=—-4+ 18

recognition thay = 0 at A
e.g.—4x+18=0

18( 9}
X= —| =—
4\ 2

splitting into two appropriate parts (areas/andhtegrals)
correct expression for areaRf

e.g.area oR = 4\/;<dx+ 4(5—4x+18)dx, 4\/;<dx+1x 05x 2 (triangle)
0 4 0 2

Note: Award Al if dx is missing.
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(d)

(@)

correct expression for the volume fram 0 tox = 4

e.g.V= j:n[f(x)z]dx, j:n\/izdx,j:nm

4
V= [lnxz}
2 0
V=7{1X16—1X0J
2 2

V=28
finding the volume fronx = 4tox = 4.5
EITHER

recognizing a cone

1 >
e.g. V= =xrch
g 37T

1 .,.1
V==-n(2)*x=
3() 2
2n
3

total volume is 8 + E i [= Enj
3 3

OR

45
V=n L (~4x +18)%dx

45
L 1 (L6x? —144x +324)dx

45

H[E X3 —72x% + 324x}
3 4
_2=n

-3

total volume is 8 + En [=§nj
3 3

(i) rangeofis[-1,1], F1<f(X)<1)

(i) sin®x=1=sinx=1
justification for one solution on [0,

T Lo :
eg. x=§ , unit circle, sketch of sir

1 solution (seen anywhere)
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(b) f'(X) = 3 sirf x cosx A2 N2

b
(c) usingV =I Tty?dx (M1)
T 1 2
\Y =J-02 n[\/?%sinx cos? XJ dx (A1)
=T[j0E 3sin? x cosxdx Al
V= n{sm x] ( (sm ( j -sin® OB A2
evidence of using singl andsin0=0 (A1)
eg. mM1-0)
V=T Al N1
[14]
(a)
Y
2F
1 '/@\
-3 2 -1 0 1 2\ 3 X
=1
2t
Al ),

AlA2 N3

Notes: AwardA1 for correct domain, & x< 3.
AwardAz2 for approximately correct shape, with
local maximum in circle 1 and right endpoint
in circle 2.

(b) a=231 Al N1



(©

(@)

(b)

(©

2
evidence of usiny = n_[[f(x)] dx

fully correct integral expression

e.g.V= njoz'gl[xcosa-sin X)]dxV = nfoz'?’l[ f(x)]*dx

V=25.90

Notes:

i) y=3,x= g (must be equations)

14

() x=7

(i) y= %4 (y=28) (accep{O,%}or(O,ZB)}

Award Al forboth asymptotes shown.
The asymptotes need not be labelled.

Award Al for the left branch in
approximately correct position,

Al for the right branch in
approximately correct position.

1

(gor 233, als,oaccep(%4 OD

. 6
@ I(9+ 2x—5+ (2x-5)?

3In(2x-5)-

1
2(2x—5

)

de:9x+

+C

(M1)
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Al N2
A1A1A1 N3
A1Al N2
Al N1
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A1A1Al
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(i)  Evidence of usingy/ = Ibwzdx

Correct expression

2
eg I3ar{3+ 2x1—5J dx,njga(9+ 5

{9x+3ln(2x‘5)_m}:

Substituting[9a+3ln (2a-5)-

Setting up an equation

1

9a———27+%+3|n(2a—5)—3|n1=( 2

22a-5)

Solving givesa= 4

@ p=2
i) q=1
@ fx=0
3
2—X2)i1:o (2% - 3x -2 = 0)
xz—lx:Z
2

(i) UsingV= Ib nyzdx (limits not required)

x2 -1

V= [Oign(z— 3X J dx

V=252

x=5 (2x-5)?

27+3In1-=
22a-5) 2
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Al
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(©

(ii)

Evidence of appropriate method
eg Product or quotient rule
Correct derivatives of@andx® — 1
Correct substitution

-3(x* -1 - =3x)(2x)
ST ke

- 3x% +3+6x%°

f ' (X) = (X2 _1)2

3x2+3 _ 3(x*+1)
(x2-1)? (x*-1?

fr(x) =

METHOD 1

Evidence of using’(x) = 0 at max/min
30¢+1)=0(3+3=0)

no (real) solution

Therefore, no maximum or minimum.
METHOD 2

Evidence of usind’(x) = 0 at max/min

Sketch off '(x) with good asymptotic behaviour
Never crosses theaxis

Therefore, no maximum or minimum.
METHOD 3

Evidence of usind’ (x) = 0 at max/min
Evidence of considering the signfdf(x)

f' (x) is an increasing functior ((x) > 0, always)

Therefore, no maximum or minimum.

M1

Al1Al
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Al
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(d)

For using integral (M1)

Area =Iag (x)dx orJ‘a f' (x)dxorjaﬁdx Al
0 0 0 (x%-1)2
Recognizing thag[oag (x)dx=f (X) A2
0

Setting up equation (seen anywhere) (M1)
Correct equation Al

a 2
eg [“X 1S a=2,2- | - [2-0] =2, 22+ 3:-2=0

0(x° -1 a“ -
a= 1 a=-2

2
a= 1 Al N2

2

[24]



10. (@)

104

XV

—20+ |

A1A1A1 N3

Note: Award Al for the left branch asymptotic
to the x-axis and crossing the y-axis,

Al for the right branch approximately
the correct shape,

Al for a vertical asymptote at

. 1
approximately x :E

(b) (i) x=% (must be an equation) Al N1

W | Ozf(x) dx Al N1

(i) Valid reason R1 N1

egreference to area undefined or discontinuity
Note: GDC reasomot acceptable.



11.

(©)

(d)

(€)

(@)

(b)

0 V= nf’ f(x)2 dx

@iy V=105 (accept 33.8)
fr(x) = 2 1 - 10(x - 1)?

() x=1.11 (accept(1.11, 7.49))
(i) p=0,g=7.49 (accept@k<7.49)

b
Attempting to use the formula= I y?dx
a

Volume = njj(Zx— xz)zdx

Volume = 11.|‘:(4x2 - 43+ x4)dx

3 4 572
= 4X_—4X_+X_
3 4 5 0

= %T or 3.35 (accept 1.0§

A2 N2

A2 N2

A1A1A1A1 N4

Al N1
AIAl N2
[17]
(M1)
A2 N3
(A1)
(A1)
Al N3
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12. @ () f'(x)=—§x+1 AIAL N2

(i)  For using the derivative to find the gradiefitthe tangent (M1)
f'(2)=-2 (A1)

Using negative reciprocal to find the gradienthaf normal[%j M1

y—3=1(x—2) (ory=1x+2j Al N3
2 2
. 3., 1
(iii) Equatmg—zx +x+4=5x+2 (or sketch of graph) M1
3 -2x-8=0 (A1)
(X+4)(x-2)=0
X = —ﬂ(=—133) (accep —fﬂ orx=—£,x=2) Al N2
3 33 3
(b) () Anycompletely correct expression (accept absencexf d A2
2
egJ.Z(—Exz+x+4jdx,{—lx3+lxz+4x} N2
4 4 4 2 4
, 45
(i) Area= 7(:1125) (accept 11.3) Al N1
(i)  Attempting touse the formula for the volume (M1)
2
egIzH(—§x2+x+4)®<,njz(—§x2+x+4j dx A2 N3
1 4 4l 4
K 151 “
©) j f(x)dx=| —= X3+ = x2 +4x A1A1A1
1 4 2 |

Note Award Al for—%x3, Al for%xz, Al for 4x.
(1.1,
Substituting| —=k*+=k“+4k |-| -=+=+4 (M1)(A1)
4 2 4 2

- —%k3+%k2+4k—425 AL N3

[21]



13.  UsingV = IWZ dx

1)? 2
Correctly integratingJ-[XZJ dx=X7

Setting uptheir equation[%ﬂa2 = 084511)

a®=1.69
a=1.3

14. (@) @) p=@Qx+2)-@1+8&)

Note: Award (A1) for (I + &) — (10x + 2).

i) P-10-22

dx
gp =0 (10-28=0)
X = % (= 0.805)

() () METHOD1

x=1+¢&

Ink-1)=2%

£33 = —]“(X Y (Allow yz—ln(xz_l)J
METHOD 2

y—1=¢&

In(y-1) _

=D

F1(x) = —]“(X Y (Allow yz—ln(xz_l)J
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Al
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15.

(©)

(@)

(b)

(©)

N =

x 21n2

1]
[EEN
=)
N

UsingV = J'bny2 dx
a

In2 0805
Volume =Ion n(@+e?)?dx (orjo n(l+ ezx)zdxj

y=6”atx=0y=&=1P(0, 1)

|
v=njo”2(e“2)2dx

Notes. Award (A1) forr
(A1) for each limit

(A1) for (€722,

In2
- X
V= J'O e*dx

- e’}

=T[[eln2_é)]
=m2-1]=m
=T

M1

Al
AG

(M1)

A2

(AL)(AL)
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(AL)(AL)
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