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Duration of examination: two hours
McMaster University Final Examination December 2012

This examination paper includes 6 pages and 5 questions. You are responsible for ensuring
that your copy of the paper is complete. Bring any discrepancy to the attention of your
invigilator. | '

SPECIAL INSTRUCTIONS: This paper must be returned with your answers. Open book
and notes, no electronics, use of McMaster standard (Casio-FX991) calculator is allowed.

1. (4 marks) The following segment of (Matlab) code computes /x? + y?:
n = sqrt(x*x + y*y); .

Applying the scaling technique, modify the above code so that it avoids unnecessary overflow or
underflow.

M = max (absd |, abstys ),
X :,’)(/Y‘ﬂ |

I

N :SC{‘(T(’X*/\KTS*'&);

= YN x N -
n : )

Continued on Page 2
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2. The cubic spline function s(z) on the interval [z;, z;11] is defined by** -
s(x) = wyir1 + Wy; + h[(w® —w)oip + (@° —D)oil, i=1,2,.,n -1,

WhéI‘e hi = Ti+1 — Ty, 5
w = (z — ;) /hs, 0= 1—w,

and, o; and 0,41 are unknown parameters. Set up an equation corresponding to the continuity of
s'(z) at z;, 1 < i < n. In other words, s’ (z;) = s/ (z;).

(a) (4 marks) '\ (%;): & Zw,)gﬁi{\sﬁﬂ‘_ CXa ’X;H}

\M’:,]/Y\;./ C\)/-_:-i/b\;\, \)Q(X;\:Q, TQQXA‘):“‘

Se (%) = Do 0 = i/ +Bi L(3woa) /g — \/\/\,;)Qfgﬂ
(3% /g \/kx\W;}

! - ~

o= 49+, [0, - 202 ]

= A;\ _’Q\)\ (G;H—Z“NR}

1)

(b) (4 marks) s’ (z;): on tx;\\\ 8N 1
’ —_ -
W :\/ha~\ . W’—;-—\/h;‘__‘ ) V\)(X;):'\, W XY= 0O
SLOSY= s ey = i A LB e
- | » A-) A=\ Ay A= \_( w “)/"\.:-\ - 1/1'\/%-—! ‘)V&
~
1+ (=3W ) iy + %\;—-3 Xfp,}

= (%1— la:\-! )/%;_,\_\_ \/C;\—\K_2 T U"““-l

= A;\q—\- Q\I\_‘ (2G; ~ Q3 )

aH=Y

(c) (2 marks) The equation:
A3 A @a T 20,) = A v (2034 T)
L\;\.___\U}\\\ '\‘2(6&;_\ ’\"gr»,\}q—; + Q/\;G\; = A’: - AL-\

Continued on page 3
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3. The error in the Simpson’s rule is given by

n

1 ‘
I—S=——S hlfoy) + -
2880 &= *

where h; = ;11 — o; and y; = (x; + T;31)/2. Doubling the number of panels in the Simpson’s rule
can be expected to reduce the error in the composite trapezoidal rule by roughly the factor of 1/16.
That is, if I is the exact integral, Sy is the one-panel result, and Sy is the two-panel result, then
I—Sy= (I—51)/16. ’

(a) (5 marks) Derive an estimation for I — Sy using S; and Sz. That is, find the factor a in
I— Sz ~ 04(52 — Sl).

- A A
1-S.= T8l S
15 !

2 ~ S -

;‘6 ( ) M\& \BL :S\}

l‘gz,
T-%. f;;—ég(_%l”iﬁb

(b)- (6 marks) Apply the Simpson’s rule to

/ " (sin(z))ds
0
with one panel [0, 7] for S; and two panels [0,7/2] and [7/2, 7] for Sy
S1= C%C-( Sim0O 4 IL{—S;V\(C‘;‘?) A Sm A )
Ay
N R as . ar WIS AT
52 'EQS;WO -\-H—SLV\‘[: ‘\’&SW\"‘Z‘ ‘\‘L‘—S“"LL + S )

_ i(;ﬁ +2+2k) ~ 200
= 2

Continued on Page 4
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4. Consider the second-order differential equation

y'=-3y'—y, y(0)=0 and y'(0) =3,

R

(a) (5 marks) Express this second-order ODE as an equivalent system of two first-order ODEs,
- including the initial conditions for the system. ‘

Uz
_3M2~u1 M(O)”»

S |
w O
[ A——

(b) (5 marks) Perform one step of the forward Euler’s method for this ODE system using a
stepsize of h = 0.1. '

Continued on Page 5
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(¢) (5 marks) Perform one step of the backward Euler’s method for*this ODE system using a
stepsize of h = 0.1. - . ’

Selye
| ‘H‘WO
\M 1.3,% U, L3

Continued on Page 6
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5. (10 marks) Carry out one iteration of Newton’s method for finding a'%ero of the function:

with starting point.zg = 1.0.

Ao =1\, 0

‘x!:;}ﬁu"" —_—

Page 6

f(z) =z —cosz,

? o) .
:F(Ye )

L0 = Cey (L)

} St (L)

END!




