Differential equations — Numerical methods — Exam questions

Question: June 2007 Q2

The function y(x) satisfies the differential equation

where

and

dy

— =f(x, y)
i (x, v)

.  —
f{.\'. l] = \/,/_’(2 __‘}_-2 3

w1)=2

(a) Use the Euler formula

with
place

V1 = T kf{l—r* ,.Vr.]

h = 0.1, to obtain an approximation to y(1.1), giving your answer to four decimal
S. (3 marks)

(b) Use the improved Euler formula

1.,
Vel =V 5k + k)

where k| = hf(x,, y,) and ky = hf(x,. + h, v, + k) and h = 0.1, to obtain an
approximation to y(1.1), giving your answer to four decimal places. (6 marks)

Question: Jan 2006 Q5

(a) The function y(x) satisfies the differential equation

where

and

(1)

(i)

(b) (@)

(i1)
(iii)

dy
= = f(x, v
i (x, v)

flx,y) = xInx +4 %

y(1) =1
Use the Euler formula
Vept =V +hf(x,,0,)
with i = 0.1, to obtain an approximation to v (1.1). (3 marks)
Use the formula
Yrit = Vet + 20 E(x0 py)

with your answer to part (a)(i) to obtain an approximation to y (1.2}, giving your
answer to three decimal places. (4 marks)

1. . . . . .
Show that — is an integrating factor for the first-order differential equation
X

dy 1
—}——y—xlnx (3 marks)
dv x

Solve this differential equation, given that y = 1 when x = 1. (6 marks)

Calculate the value of y when x = 1.2, giving vour answer to three decimal
places. (1 mark)




Question: Jan 2007 Q1

The function y(x) satisfies the differential equation

dv o

- )
where f(x, v) = In(1 +x2 +y)
and v(1)=0.6

(a) Use the Euler formula
Vrs1 =Y+ hi(x., p,)

with 7 = 0.05, to obtain an approximation to y(1.05), giving your answer to four
decimal places. (3 marks)

(b) Use the improved Euler formula
l .
Vry1 =V 3k + k)

where &y = hf(x,, y,) and ky = hf(x, +h, v, + k) and i = 0.05, to obtain an
approximation to y(1.05), giving your answer to four decimal places. (6 marks)

Question: Jun 2009 Q1

The function y(x) satisfies the differential equation

dy .

L = f X, .']

i (. v,
where fx, ) =x2+y+1
and v(3)=2

(a) Use the Euler formula
Vel =V T h f()ﬁ'?.._ v}]

with 7 = 0.1, to obtain an approximation to y(3.1), giving your answer to four
decimal places. (3 marks)

(b) Use the formula
Mgl = V1 T 2h f('r;"- }"}.-J

with your answer to part (a), to obtain an approximation to y(3.2), giving your answer
to three decimal places. (3 marks)



Question: June 2006 Q2

The function y(x) satisfies the differential equation

where

and

(a)

(b)

dy

— = f' .‘ LV
& {x, »)
2 + 2
flx, y) =——
Xy
y(l) =2

Use the Euler formula
Vel =W ™ hf(xr'- }'}-J
with 42 = 0.1, to obtain an approximation to y(1.1). (3 marks)

Use the improved Euler formula
: N
Vi1 =V T 2 (‘kl o k2]

where k; = hf(x,, y,) and ky = hf(x,. +h, v, + k) and h = 0.1, to obtain an
approximation to y(1.1), giving your answer to four decimal places. (6 marks)

Question: Jan 2009 Q1

The function y(x) satisfies the differential equation

dy .
e fx, )
. x2 4+
where flx,v) = t‘ *1
and w(1) =3
(a) Use the Euler formula
Vot =y + hE(, ;)
with # = 0.2, to obtain an approximation to y(1.2). (3 marks)

(b) Use the improved Euler formula

1.
Vol =V 30k + k)

where ky = hf(x,, v,) and ky = hf(x. +h, vy, + k) and h = 0.2, to obtain an
approximation to y(1.2), giving your answer to four decimal places. (5 marks)



Question: June 2008 Q1

The function y(x) satisfies the differential equation

dv .

T = f "_. !]

o (x, )
where flx, v) = In(x + v)
and »2)=3

Use the improved Euler formula
1,
Vrpl = Vr T3lk + k)

where k; = hf(x,, v.) and ky = hf(x, +h, v, + k) and h = 0.1, to obtain an approximation
to y(2.1), giving your answer to four decimal places. (6 marks)

Question: Jan 2010 Q1

The function y(x) satisfies the differential equation

dy .

—_ = f X, .']

i (x, »,
where f(x,y) =xIn(2x + y)
and y(3)=2

(a) Use the Euler formula
Ypr1 =V — h f{_f?.._ ‘}]

with 4 = 0.1, to obtain an approximation to y(3.1), giving your answer to four
decimal places. (3 marks)

(b) Use the improved Euler formula
l .
Vil =V T EU(I i k2]

where ky = hf(x,, v,) and ky = hf(x,. +h, v+ k) and h = 0.1, to obtain an
approximation to y(3.1), giving your answer to four decimal places. (5 marks)



Differential equations — Numerical methods — Exam questions’answers

Question: June 2007 Q2

(a) | 1 =2+0.1xVI*+2°+3 M1
Y(L1)=2+0.1 =8 Al
v(1.1)=2.28284... = 2.2828 to 4dp Al 3

Ml
k =0.1x+/8 =0.2828
b) | % B Alft
k,=0.1xf(l.1,2.2828..) M1
=0.1 x 4/9.42137...= 0.3069(425...) Al
y(1.1)=y(1) +%[0.28284...+0.30694...] ml
2.29489... = 2.2949 to 4dp Al 6
Total 9
Question: Jan 2006 Q5

Question: Jan 2007 Q1

@ | v (1.05)=0.6+0.05x[In(1+1+0.6)] MI1A1
=0.6477(7557.)=0.6478 to 4dp Al 3
(b) | £ =0.05xIn(1+1+0.6)=0.0477(75...) Ml
AlF
k, =0.05xf (1.05, 0.6477..)
) Ml
. =0.05xIn(1+1.05 +0.6477,,,)]
...=0.0505(85...) AIF
1
_}!(1.05):;:(1)+5[k1+k2] ml
=0.6+0.5x0.09836___
=0.6492 to 4dp AlF 6
Total 9
Question: Jun 2009 Q1
@) | 3.1 = v@3)+0.14/37 +2+1 MIAL
= 2+0.1x~/12 =2.3464(10.)
=2.3464 Al 3
(b) | ¥(3.2) =¥(3) + 2(0.1)[f(3.1, ¥(3.1))] Ml
=24 2(0.)[4(3.1°+2.3464+1) ] AlF
=24 0.2%3.599499.. = 2.719(89..)
=2.720 Al 3
Total 6
Question: June 2006 Q2
() +2’
¥ =2+0.1x MI1 Al
1x2
=2+0.1%25=225 Al 3
() | £, =0.1x25=0.25 Mi
Al
k, =0.1xf(1.1, 2.25) M1
.= 0.1%253434... = 0.2534(34...) Al
1
W1.1) = ;:(1)+E[0.25+0.253434...] ml
= 2.2517 to 4dp Al 6
Total 9
Question: Jan 2009 Q1
(2) 243
v, =3+0.2x I+ MIAL
1+3
=35 Al 3
b) | 5, =02x25=05 Blft
k,=02xf(1.2, 3.5) Ml
1.2° +3.5°
L= 02x= 2T =0.5825(53...
12435 (53.-) Alft
1
1(1.2) :;.=(1)+5[0.5 +0.5825(53...)] ml
=3.54127...=3.5413 to 4dp Alft 5

Total




Question: June 2008 Q1

k =0.1xIn(2+3) Ml
=0.1609(4379..) (=%) Al
k,=0.1xf(2.1, 3+%.)
..=0.1 % In(2.1 +3.16094. ..)] Ml
....=0.1660(31...) Al
(2.1)= -(°)+l[k +h ]
<. Y= 7 1 2 ml
=3+0.5x0.3269748....
=3.163487... = 3.1635 to 4dp Al
Total
Question: Jan 2010 Q1
() | »,=2+0.1x[3In(2x3+2)]=2 +0.3In8
— 16238 MIA1
=2.6238(3...)
¥(3.1) = 2.6238 (to 4dp) Al
(b) | k, =0.1x3In8=0.6238(32...) BIF
k, =0.1xf(3.1, 2.6238(32...)) Ml
.= 0.1x3.1x1n8.8238(32.) AlF
[=0.6750(1..))
1 _
¥(3.1)=2 +5[0.6238(3..) +0.6750(1..)] ml
=2.6494(2..) =2.6494 to 4dp Al
Total




