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TI-Nspire™ CX CAS technology for understanding
Solids of Revolution

* Part 1 (3 D Graphing of Shapes)

e Part 2 (Determing Volume of Solids of Revolution)




Solids of Revolution

Study Design states :
Volumes of Solids of Revolution of a region
about either coordinate axes




How to we obtain Solids of Revolution ?
For our Webinar today, we should first define what a solid of Revolution

is.
To obtain a Solid of revolution, we start out with a function

We then rotate this curve (function) about a given axis or line.
Doing so gives us a 3-Dimensional shape

f(x) =sin(3x) + 4; [%32_“}
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f(x) = sin(3x) + 4; {%7}
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* Volumes of Solids of
Revolution
1. Method of Rings / Discs

2. Method of Cylinders (will
not cover in this webinar)

* Also volume enclosed by 2
curves
or Intersecting curves
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ROTATION about X-
axis
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How to do a 3-D graph of our function  f(x) =sin(3x) + 4;[:;,3;}
We will Parametrise the Function

y=f(x)

To generate a surface of revolution out of any 2-dimensional scalar function y = f(x)
make ¢ the function’s parameter

set the axes of rotation’s function to simply t

then use u to rotate the function around the axis by setting the other two functions equal to

f(tH)sm(u) and f(t)cos(u)

For example

to rotate a function y = f(x) around thex-axis starting from the top of the xz-plane,

parameterise it as RI,HF (z, f(Hsm(u) , f(1) cos(u))

fort=xandue|0,2r]




f(x)=sin(3x)+4
letx =t
set the axes of rotation’s function to simply ¢

then use u to rotate the function around the axis by setting the other two functions equal to
f(®sin(u) —> (sin(31) + 4) x sin(u)
f(Ocos(u)— (sin(3t) +4) x sin(u)

fort=xandue|0,27]|

on CAS

xpl(t,u)=t

ypl(t,u) = (sin(31) + 4) x sin(u)
zpl(t,u) = (Sin(3t) + 4) X cos(u)




sin(u)

)

in(3¢)+4
zpl (tu) = (sin(3t)+4)-cos(u)

7

(tu) =|
(t.u)

xpl
ypl







xpl (t,u) =[k
ypl (t,u) = (5in(3f)+4)-sin(u)

zpl (t.u) = (sin(ﬂf)—l—-i)- EDE(H)




Now try graphing

xp2 (tu) = bOcos(t)sin(u)
yp2 (tu) = 30cos(t)cos(u)

zp2  (t,u) = 10sin(z)

Predict the shape?
Change 10sin(t) to 50sin(t) — predict ?




xp2lt,u)=30- cos(t) sinlu) z
wpAt,1)=30 coslt) coslu)
zp2lt,1)=10- sinlz)




xp2lt,u}=30- coslt) sinlu)

)pZ’[t,u }=30- coslz) coslu)

sz(t,zz }=50- sin(z)
Next

Change the z-axis

scale from -55 to 55

XMin: [-32

XMax: |32

X5cale: [f-‘«ut-a v l

YMin: [-32

YMax: |32

Y 5cale: [Auto = ]

ZMin: |-55

ZMax:

Z5cale: [f-‘«ut-a - l

eye 8° |204.939255

eye $° |154.426193
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xp2 (tu) = a'cos(f)- Sin(u)
yp2 (tu) = b-cos(f)- cos(u)

zp2  (tu) = c-sin(t)




.\p:’i[,zz l=a- cos[z]- sin(u]
wAt,ul=b coslt) coslu)
zp.?[:,zz J=c- sinlz)
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3D Plot Parameters X

tmin = I@ l|

tmax = |6.283185

|
umin = |-0.392699 \
umax = |0.392699 \

k] [-cmon|




Detine f(t)=(t—4)3 +0[2<t<6 » Done

30 Y

f1 (x) =f (x)




xp2 (tu) = Ll

w2 €)= ((ui-)3+9)-sin()

zp2  (tu) = ((11—4)3+9)-cos(t)

ROTATION AROUND X-
AXIS
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ROTATION AROUND Y-

AXIS




* Volumes of Solids of
Revolution
1. Method of Rings / Discs
2. Method of Cylinders



From the study of Integral Calculus (Rectangle mid-point method
or Trapezium method)
we know that Areg bound by a curve f(x) and x-axis is
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A=Ixw

Sum of Area of rectangles formed

A= Sum(f(xz)x b—a]

I{)

A~ Sum(f(xl.))xAx
A f )X

A=Lz’m2f(xl.)><Ax when n — «©, Ax =0

n—on “
=1

A= | f(x)xdx
P




The same logic can be extended to finding Volumes for Solids of Revolutions

) . The 3 — D shape so formed can be
Approximated to being made of several
discs of width approaching zero

Y




Each disc so formed , the Area of Cross-section is a Circle
Area of a Circle

A=nr’ or A=n (f(x)z)
"' since the radius of each disc is f(x)
b—a

i
Volume of each disc V=A x width

V.=A (xi.)xﬁgr

N — 0

then Volume of all discs

Va) " A(x)xAx or Va ) " mx(f(x)) xAx

V=Lim ) " 7 x(f(x,))* x/x

Also /\x = (the width of each disc)

7

ﬁ:i(f(x)j)xdx




f(x)=x"=3x+3
Find the Volume of the Solid shape so formed when the curve

1s rotated around the x - axis 1n the the interval [2,6]

We can see that the Volumie = E————

rotated around x axis

IS approximately 1= 1309.323008
1309.3 cubic units




® |AX

B rad

Define f(x)=x2—3- x+3 » Done
List and Spread Sheet Method
0.02—-dx » 0.02
sum(vol) » 1323.34103211

C vol

Enter the following in
the formula for each of
the columns

= |=seq(x,x,2,6,dx) |=f(xi) =Tr*radA2*dx
166 5.3 15.19 14.4%767335\

Xi:=seq (x,x,2,6,dx)

\

4 @ﬂxi)

vol:=7- rad 2., dx

167 5.32 15.3424 14.7899420016

168 5.34 15.4956 15.086/83652

169 5.36 15.6496 15.3881478892
170 5.38 15.8044 15.6940811581




Define vi(a.b.n)=x- i(bna | (I(aﬂ'. b: ))2)

1=1
> Done

4078911145833 1
vf(2,6,1000) *

9765625000
round(vf(2,6,1000),2) » 1312.18|




Using formula

6

(n-( x))z)dx - 1309.41581802
2




Some more examples

2
Determine the Volume of the | a(x):==r: (X2—4°x+5) > Done

Solid obtained by rotating the| expand(a(x)) * . rea, R e B W) e

region bounded by 5
vix)=1 a(x) dx » v(x)=220.507079359
x*—4x+5 at 3
> nd x=53 :
X 5 and X v(x)= a(x) o § v(x)= 336911
and the x - axis 3 -

Rotated about the x-axis




5

. 2 336917
oI% x“—4-x+5) dx »
3 480

2




Determine the Volume of the solid shaped obtained by rotating the region bound by

2 2 2
X f(x)=x = y=x’

f)=x* and g(x)=" 3
3 or [x=y?
that lie in Quadrant 1 and rotated about the y-axis X

The rings method will be used here alsoy=2=|x=3y

A(x) = n((syf - (y))
A(x)=7(09y* - ")

9 3
( 3 2\ V=ﬂ'£((9y2 -y')
5 2187+ ree| 2 2]
T (3')/)2_9’ - jdy > 1 V_E';g?;]gl}_m[zm]
0 ! 4 1




When rotated
about Y-axis

x=3-y

?,01)..




When rotated

about X-axis
3
x=y2
x=3-y
),01)..
Y




Determine the Volume of solid obtained by f(x)=3Jx—-3 and g(x) =x-1
rotating the region bound by when rotated about the line x = -1

y




f(x)=3Jx-3-1 and g(x)=x-1-1

Both equations can undergo a horizontal

translation and then rotated along the y-axis | 'Vhen rotated about the line x =0
f(x)=3vx—4 and g(x)=x-2
when rotated about th/e/ﬁ}edf— axis

\Y
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& A | rotated around y axis
~20.118798
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xp it u)=(t-2) sinlu) xp2lt,u)=3- H sinlu)
wplltul=t wpAtul=t
zp1lt,u)=(t-2 ) coslu) zp2t,ul=3 \ft-4 - coslu)




2
y=3Jx-3 —>x=%+3

y=x-1 —>x=y+1

g _

Volume nfj 3 [x —425 — [x = 2] dk,
. 5

Outer radius y+21+1 — y+2 2 ol e

Inner radius %+3+1 —>%+4 =20.118798

Cross-sectional area is

[ 7 2
Ay)=nm (y+2)2—[y—+4)

\ 9 )
- 2 A
AY)=r| -2+ X 14y -12

L 81 9 )

4 2

G
y =x!(—%+%+4y—12)dy

3
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A2 S
T | F4-y—12|dy *
81 o 5
3
6
4 2
LV B Y
- | -4-y—12]dy > 20.106192983
81 9 S
3 Vohnneofj 3[.1-—45, — [x-2] dx,
‘ rotatedarowidya}ds
= 20.118798




