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Solve the following initial value problem using the modified
LNJPIT, Euler method with h = 0.1 for = € [0, 0.3].

Chapra

Modified y/ =Y+, y(O) =1
Hethod

Compare with the exact solution y(z) = 2e®* —z — 1.

Solution: Modified Euler's method is given by

h h
Yn+l = Yn T+ hf (xn + §ayn + 2f($nayn)>
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Method. We have y/ - f(aj’y) =y+z,20=0,y90=1and h =0.1.
E,GpKt Therefore,

h h
Chapeal y(0.1) =y1 =yo + hf <330 +t50+ 2f(l“07y0)) =
odifie 0.1 0.1
Euters 1.0+0.1f <0+,1+f(0, 1)>
Method 2 2

y1 = 1.0+ 0.1f (0 + 0.05,1 + 0.05(1 + 0)) =
1+ 0.1f(0.05,1.05)

y1 =1+ 0.1(1.05 4 0.05) = 1.11.
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Now, we have 1 = 0.1,y = 1.11, ¢} = f(z1,01) = y1 + 21 =
SO 111+ 0.1 =1.21.

h h
o §02) = o=+ 1 (o1 + o+ FiGe)) =
odifie 0.1 0.1
Euters 1.1140.1f <0.1+,1.11+f(0.1,1.11))
Method 2 2

y2 = 1.11 4 0.1/ (0.1 + 0.05,1.11 4 0.05(1.11 + 0.1)) =
1.11 4+ 0.1f (0.15,1.1705)

y1 = 1.11 4 0.1(1.1705 4 0.15) = 1.24205.
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LR Again, we have z9 = 0.2,y2 = 1.24205, ¢, = f(x2) =
i Yo + T2 = 1.24205 + 0.2 = 1.44205.

h  h
iy V09 = s =2 +hf (52 + B+ e =
Modified 0.1 0.1
Cur 1.24205 + 0.1F (0.2 4+ —=,1.24205 + =~ £(0.2,1.24205)
etho

ys = 1.24205 + 0.1f (0.2 + 0.05, 1.24205 + 0.05(1.44205)) =
1.24205 + 0.1f (0.25,1.31415)

y; = 1.11 + 0.1(1.31415 4 0.25) = 1.39846.
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EJGpKt The exact solution at z1 = 0.1,y = 1.11,A = 0.1 is 1.11034,
at o = 0.2, y9 = 1.24205,h = 0.1 is 1.24281 and

P x3 = 0.3,y3 = 1.39846, h = 0.1 is 1.39972. The magnitudes of
the errors in the solutions are the following:

Modified

Tt At z =0.1:]1.11034 — 1.11| = 0.00034.
At z = 0.2 : [1.24281 — 1.24205| = 0.00076.

At z = 0.3 :]1.39972 — 1.39846| = 0.00126.
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For the following initial value problem, obtain approximations
to y(0.2) and y(0.4), using the modified Euler method with
h=0.2.

y' = —2zy*, y(0)=1.

Compare with the exact solution y(x) = 1/(1 + 2?).

Solution: Modified Euler's method is given by
h h
Ynt+1l = Yn + hf <$n + §ayn + 2f(xnayn)>

We have v/ = f(x,y) = 22y, 20 = 0,0 = 1 and h = 0.2,
Therefore,

Dr. G.K. Prajapati LNJPIT, Chapra Modified Euler Method.



Modified
Euler
Method.

PDI.'G.Kt.l h/ h/
y(0.2) = y1 = yo+ hf <xo + 300+ 5 (wmyo)) =
LNJPIT, 2 2
Chapra 1.0 + 0.2f (0 + 07, 1 + 07.]8(0, 1))
Modified
Euler’s
Method y1 =1.0+02f(0+0.1,1+0.1(0)) =1+ 0.2f(0.1,1)

y1 =1+0.2(=2(0.1)(1)2 =1 — 0.04 = 0.96.

Now, we have 1 = 0.2, = 0.96,y] = f(x1,11) =
—2.21.97 = —2(0.2)(0.96)? = 0.36364
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y04) =y =+ (1 + B+ S rowm)) =

LNJPIT, 2

Chapra 0.2 0'2
0.96 + 0.2f <0.2 + 5 096 + (02, 0.96)>
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Y2 = 0.96 4+ 0.2f (0.2 + 0.1,0.96 + 0.1(0.36864)) =
0.96 + 0.2 (0.3,0.92314)

y1 = 0.96 + 0.2(—2)(0.3)(0.92314)2 = 0.85774.
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The exact solution at z1 = 0.2,y; = 0.96,h = 0.2 is 0.96154,
T at o = 0.4,y2 = 0.85774,h = 0.2 is 0.86207 The magnitudes

Chapra
of the errors in the solutions are the following:
Modified
Euler’s

Method At £ =0.2:]0.96154 — 0.96] = 0.00154.

At z = 0.4 :]0.86207 — 0.85774| = 0.00433.
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