FP3 Numerical Methods for the Solution of First Order

(a)

(b)

Differential Equations Questions

The function y(x) satisfies the differential equation
d
=)
where f(x,y) =xInx +2
X
and y(1)=1
(1) Use the Euler formula
Vi1 =V + h f(xr ayr)
with 2 = 0.1, to obtain an approximation to y (1.1). (3 marks)
(ii) Use the formula
Vrs1 =Yr—1 +2h f(xr uVr)
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
dyv 1
ay—;ylenx (3 marks)
(i1) Solve this differential equation, given that y = 1 when x = 1. (6 marks)

(ii1) Calculate the value of y when x = 1.2, giving your answer to three decimal

places. (1 mark)




2 The function y(x) satisfies the differential equation

dy
E - f(xp _!’)
2 2
where flx, y) = ¥ +y
xy
and y(l)y=2

(a) Use the Euler formula
YVeg1 =¥r t hf(_‘-f,., _vr}
with & = 0.1, to obtain an approximation to y(1.1). (3 marks)

(b) Use the improved Euler formula
1
Yret =Yt 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)

1 The function y(x) satisfies the differential equation

dy

e f(x, y)
where f(x,y) =In(1 +x2 +y)
and »(1)=10.6

(a) Use the Euler formula

YVeg1 =V + h f(xra yr)

with 4 = 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
1
Vel =Vr 5k + k)

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




2 The function y(x) satisfies the differential equation

dy
—=f(x, v
i (x, »)

where flx, ) =/x2+y2+3

and

(a)

(®)

Use the Euler formula
Vegl =W+ hf{xr? -vr}

with # = 0.1, to obtain an approximation to y(1.1), giving your answer to four decimal
places. (3 marks)

Use the improved Euler formula
1
Yre1 =¥, 35k + k)

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




