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. Explain the term round-off error.

. What is the round-off error in representing the number 1/3 in a three digit, base ten

calculator?

. Use Euler’s method to find an approximation of %(0.1) for the solution of ' = 3% +1,

y(0) = 0 with a step size of h = 0.1.

. In the previous problem, what is the exact value of the error?

. In the previous two problems, explain how the global error would change if you de-

crease h to 0.05.

. Write down the improved Euler’s method to solve y' = f(z,v), y(zo) = yo.

Use the improved Euler’s method to find an approximation of y(0.1) for the solution
of y = y? + 1, y(0) = 0 with a step size of h = 0.1.

. In the previous problem, what is the exact value of the error?

. In the previous two problems, explain how the global error would change if you de-

crease h to 0.05.

Write down a second order Runge-Kutta method for the solution of y' = f(z,y),
y(z0) = Yo

Use the method from the previous problem to solve for y(0.2) in the problem y' =
y? + 1, y(0) = 0 with a step size of h = 0.2.

What is the order of the local error you expect in the previous problem?

Write down the most popular fourth order Runge-Kutta method for the solution of
y/ = f(xuy)7 3/(330) = Yo-

Use the method from the previous problem to solve for y(0.2) in the problem y =
y? + 1, y(0) = 0 with a step size of h = 0.2.

What is the order of the local error you expect in the previous problem?

Write down the Adams-Bashforth formula for y;,,, the solution of y' = f(x,y),
y(z0) = yo at Tpiq.

Use the value of y;,,, from the previous problem to write down the Adams-Moulton
corrector value for the solution of the same problem.

Use the Adams—Bashforth—-Moulton method of the previous two problems to find an
approximation of the solution of ¥ =y + 1, y(0) = 1 at = 0.4, using h = 0.1, given
y(0) =1, y(0.1) = 1.21034, y(0.2) = 1.44281, y(0.3) = 1.69972.

Rewrite the problem y” + zy' +y = 0, y(0) = 2, ¢/ (0) = 1 as a system of two first
order initial value problems.

Use Euler’s method to solve for y(0.2) in the problem y” + xy/ +y = 0, y(0) = 2,
y'(0) = 1, using a step size of h = 0.1.
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Round-off error is the error introduced by a calculating machine, due to the finite
capacity of the machine, when a number cannot be represented exactly in the machine.

1/3000

Yy = 0.1

. error = tan(0.1) — 0.1 ~ 0.000335

The error would decrease by roughly a factor of 1/2.

Ynt1 = Yn + R(f(Zn,yn) + [(Zni1,9541))/2 where gy, is calculated from Euler’s
method.

y1 = 0.1005

error = tan(0.1) — 0.1005 ~ —0.000165

The error would decrease by roughly a factor of 1/4.

Yn+1 = Yn + h(k1 + k2)/2, yo = y(@0), k1 = f(2n,yn), k2 = f(@n + hyyn + hk1)
y1 = .204

error = O(h3)

Yn+1 = yn+h(k1 +2]€2+2k3+k4)/67 Yo = y(l‘o), ki = f(ajnayn)y ko = f(xn+h/27yn+
hk1/2)7 ks = f(xn + h/2ayn + hk’2/2), ky = f(mn + hayn + hk3)

Yy = .2027
error= O(h)

Yn i1 = Yn+h(55y,, =59y, _1+3Ty, 9= _3)/24, yp, = f(@n,Yn)s Yso1 = f(@n—1,Yn-1),
Yh—o = f(Tn—2,Yn-2), Yr_3 = f(Tn—3,Yn—3)

Ynt1 = Yn + h(Wni1 + 1990 = 5yn 1 + Yn2)/24, Yni1 = f(@ni1,9511)
yy = 1.98364, y4 = 1.98365
yl = u, u’ = —y — TU, y(O) = 27 u(O) =1

Y2 = 2.18
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. Explain the term truncation error.

. What is the local truncation error in using Euler’s method to solve the initial value

problem v’ = f(z,v), y(zo) = yo?

. Write down Euler’s method to solve ¥’ = f(x,y), y(x0) = yo.

. Use Euler’s method to find an approximation of y(0.2) for the solution of 3y =y + 1,

y(0) = 1 with a step size of h = 0.1.

. In the previous problem, what is the exact value of the error?

. In the previous two problems, explain how the error would change if you decrease h

to 0.05.

Use the improved Euler’s method to find an approximation of y(0.2) for the solution
of yy =y +1, y(0) = 1 with a step size of h = 0.1.

. In the previous problem, what is the exact value of the error?

. In the previous two problems, explain how the error would change if you decrease h

to 0.05.

Write down a second order Runge-Kutta method for the solution of y' = f(z,y),
y(z0) = Yo

Use the method from the previous problem to solve for (0.2) in the problem ' = y+1,
y(0) = 1 with a step size of h = 0.2.

What is the order of the local error you expect in the previous problem?

Write down the most popular fourth order Runge-Kutta method for the solution of
y/ = f(xuy)7 3/(330) = Yo-

Use the method from the previous problem to solve for y(0.2) in the problem 3’ = y+1,
y(0) = 1 with a step size of h = 0.2.

What is the order of the local error you expect in the previous problem?

Write down the Adams—Bashforth formula for the solution of ¥ = f(z,v), y(zo) = vo
for the solution yy, ;.

Use the value of y;,,, from the previous problem to write down the Adams-Moulton
corrector value for the solution of the same problem.

Use the Adams—Bashforth—-Moulton method of the previous two problems to find an
approximation of the solution of ¢ =y — 1, y(0) = 2 at 2 = 0.4, using h = 0.1, given
y(0) = 2, y(0.1) = 2.1052, y(0.2) = 2.2214, y(0.3) = 2.3499.

Rewrite the problem y” + 22y’ + 3y = 0, y(0) = 0, ¢/(0) = 1 as a system of two first
order initial value problems.

Use Euler’s method to solve for y(0.2) in the problem y” + 22y’ + 3y = 0, y(0) = 2,
y'(0) = 1, using a step size of h = 0.1.



ANSWER KEY
Zill Differential Equations 9e Chapter 9 Form B

1.

10.
11.
12.

13.

14.
15.

16.

17.
18.

19.

20

Truncation error is the formula error in using only a finite number of terms of an
infinite expansion (for example, of a Taylor’s series).

y"(c)h? /2 where 1, < ¢ < T11

Yntl = Yn + hf(xna yn)> Yo = y(l‘o)

Y1 = 1.2, Y2 = 1.42

error= 2¢%2 — 1 — 1.42 ~ 0.0228

The local error decreases by roughly a factor of 1/4, the global error decreases by
roughly a factor of 1/2.

y1 = 1.21, yo = 1.44205
error= 2e%2 — 1 — 1.44205 =~ 0.00076

the local error decreases by roughly a factor of 1/8, the global error decreases by
roughly a factor of 1/4

Yn+1 = Yn + h(kl + ]{:2)/2, kl = f(l‘n,yn% k? = f(ajn + hayn + hkl)
y1 = 1.44
error= O(h?)

Ynt1 = Yn+h(kr +2ko +2k34k4) /6, yo = y(w0), k1 = [(@n,yn), k2 = f(@n+h/2,yn+
hk1/2), ks = f(zn + h/2,yn + hk2/2), ks = f(xn + h,yn + hks3)

y1 = 1.4428
error= O(h")

y;ﬂ = yn+h(55y;z—59%71‘1’37%72_994173)/24» y;z = f(@n,Yn), %71 = f(Tn-1,Yn—-1),
?/Z_z = f(l“nfm yn72)7 yiz_?, = f(l‘nfi'w yn73)

Yn+1 = Yn + MY + 19y, — 5y + Yn_2)/24, Y1 = f(@nt1. Y i)
y; = ya = 2.4919
y =, u' = =3y — 2zu, y(0) = 0, u(0) = 1

Y2 = 0.2
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1. When entering the number 1/3 into a three digit base ten calculator, the actual value
entered is

Select the correct answer.

(a) 1/3
(b) .333
(c) .334
(d) .300
(e) .330
2. When entering the number 1/3 into a three digit base ten calculator, the round-off
error is

Select the correct answer.

3. Euler’s formula for solving v/ = f(z,y), y(T) =7 is

Select the correct answer.

(@) Ynt+1=Yn— f(Tn,¥Yn)s Yo=7, n=0,1,2,...

(b) Ynt1=Yn — f(Tn,yn), Yo =7, n=0,1,2,...

(©) Ynt1=Yn+hf(Tn,yn), Yo =7, n=0,1,2,...

() Ynt1=yn+h(f(@n,yn) + f(@ns1,9541)/2, Yo =F, n = 0,1,2,... where y;, is

predicted from Euler’s formula
@) Ynt1 = Yn + (f(@n,Yn) + f(@ny1,95:1)/2, Yo =7, n = 0,1,2,... where y;:_ | is
predicted from Euler’s formula
4. The solution of ¥’ =y, y(0) =1 for y(0.2), using Euler’s method with h = 0.1, is

Select the correct answer.
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5. In the previous problem, the local truncation error in y,41 is

Select the correct answer.

(a) 0.005e¢, where x,—1 < ¢ < xp,

(b) 0.05¢¢, where x,,—1 < ¢ < xp,

(¢) 0.005€¢, where x,, < ¢ < Tp41

(d)
)

(e) unknown

0.05e¢, where ), < ¢ < Tp41

6. The solution of ¢y =y, y(0) = 1 for y(0.2), using the improved Euler’s method with
h=0.1, is

Select the correct answer.

(a) 1.22125
(b) 1.210625
(c) 1.226525
(d) 1.21525
(e) 1.221025

7. The local truncation error for the improved Euler’s method is

Select the correct answer.

8. Euler’s method is what type of Runge-Kutta method?

Select the correct answer.

(a) first order
(b) second order
(c) third order
(d)
)

(e) It is not a Runge-Kutta method

fourth order
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9. A popular second order Runge-Kutta method for the solution of v’ = f(x,y), y(z) =
Yo is

Select the correct answer.

(a) Ynt1 = Yn + (k1 + k2)/2, where k1 = f(zn,Yn), k2 = f(zn + 1/2,yn + hk1/2)
(b) Ynt1 = yn + h(k1 + k2)/2, where k1 = f(xn,yn), k2 = f(7n + hyn + hk1/2)
(¢) Yn+1 = yn + h(k1 + ka2)/2, where k1 = f(2n,Yn), k2 = f(zn + h/2v Yn + hk1)
(d) Yn+1 = yn + h(k1 + k2)/2, where k1 = f(2n,Yn), k2 = f(zn + h,yn + hk1)

(e) none of the above

10. Using the method from the previous problem, the solution of ' = y, y(0) = 1 for
(0.2) with h = 0.2 is

Select the correct answer.

11. The most popular fourth order Runge-Kutta method for the solution of ¥/ = f(x,y),
y(zo) = yo is
Select the correct answer.

(a) Yn+l = Yn + h(kl + 2ko + 2k3 + k4)/67 where k; = f(l’n,yn), ko =
f(xn +h/2,yn + hk1/2), k3 = f(xn + h/2,yn + hk2/2), ks = (2 + h, Y + hk3)

(b) Yn+1 = Yn + h(2k1 + ko + k3 + 2]@‘4)/67 where k1 = f(xnayn)> ko =
flxn +h/2,yy, + hk1), ks = f(xn + h/2,yn + hk2), ks = f(zy + h,yn + hk3)

(C) Yn+1 = Yn + h(kl + 2ko + 2k3 + k4)/67 where ki = f(xnayn)> ko =

(d) Yn+l = Yn + h(le + ko + k3 + 2k34)/67 where kq = f(l’n,yn), ko =
f(xn+h/2,yn + hk1/2), k3 = f(xn + h/2,yn + hk2/2), ks = (2 + h, yn + hk3)

(e) Yn+1 = Yn + h(kl + 2ko + 2k3 + k4)/67 where ki = f(l‘nayn% ko =
f(@n +h/2,yn + hk1), ks = f(@n + h/2,yn + hk2), ks = f(zn + h,yn + hks)
12. Using the method from the previous problem, the solution of ' = y, y(0) = 1 for
(0.2) with h = 0.2 is

Select the correct answer.
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13. The Adams-Bashforth formula for finding the solution of v’ = f(z,y), y(xg) = yo is

Select the correct answer.

(@) Ypi1 = yn + h(55y;, + 59y, — 3Ty},_o — Yy;,_3)/24, where y, = f(zn,yn),
Y1 = F(@n-1,Un1), Yp—o=F(@n-2,Un—2), Yn_3 = f(Tn-3,Yn—3)

(b) Yny1 = yn + A(55y;, — 59y;,_1 + 3Ty, _5 — 9y, _3)/24, where y; = f(zn,yn),
Y1 = F(@n-1,Un-1), Yp—o=F(@n-2,Un—2), Yn_3 = f(Tn_3,Yn—3)

(¢) yhi1 = yn + h(55y,, — 59y, — 37y, _o + 65y;,_3)/24, where y;, = f(n,Yn),
?J;z_1 = [(Zn—1,Yn-1), yiz_g = f(Zn—2,Yn—2), ?J;z_g = [(Zn—3,Yn-3)

(d) vy = yn + h(59y;, — 55y, _1 + 37y,,_o — 17y;,_3)/24, where y;, = f(zn,yn),
?J;z_1 = [(Zn—1,Yn-1), yiz_g = f(Zn—2,Yn—2), ?J;z_g = [(Zn-3,Yn-3)

(e) none of the above

14. Using the value of y;,; from the previous problem, the Adams-Moulton corrector
value for the solution of ¥/ = f(x,y), y(xg) = yo is

Select the correct answer.

(
(b

a) Ynt1 = Yn + (9
yn+1:yn+h

2
2

)
)
)

— 19y, + 5y, 1 + Y _2)/24,
W1+ 19y, + 5y 1 + Y _0)/34,

/24,

(d) Yn+1 = Yn +h(y4 1 + 19y, — Syp 1 — Yy _2)/24,

(e) none of the above

)
)
(©) Yn+1 = Yn + (Y41 + 19y, — 5yp_q + Yoo
)
)

/
where y;, 1 = f(Znt1,Yppa
where ;1 = f
where y, 1 = f

r_
where Ynt1 = / 33n+1ay;;+1

(

(1, Ynaa
(Tp1s Z/ZH
(

)
)
)
)

15. Using the method from the previous two problems, using the values yg = 1, y; =
1.1052, yo = 1.2214, y3 = 1.3499, the solution of y' = y, y(0) = 1 for y(0.4) with

h=0.11s

Select the correct answer.

(a) 1.4919
(b) 1.4967
(c) 1.4978
(d) 1.5003
)

(e) none of the above

16. The Euler formula for solving the system ¢ = u, v’ = f(x,y,u), y(xo) = yo, u(xg) =

uo is

Select the correct answer.

(
(

a) Yntl1 =Yn + hunu Upyl = Up + hf(xnyynyun)
b) Yni1 = Yn — Mn, Uni1 = Un + Bf (T, Yn, tn)

(
(d Ynt+1 = Yn + hf(dfna Yn, un)a Upl = Up + huy,

(e) none of the above

)
)
) Yn+1 = Yn + hn, Uny1 = un — hf (T, Y, Un)
)
)
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17. The problem 3" + zyy’ = 0, y(0) = 0, 3’(0) = 1 can be written as a system of two
equations as follows.

Select the correct answer.

(a) ¥ =u, v = zyu, y(0) =0, u(0) =0
(b) v =u, v = —zyu, y(0) = 1, u(0) =0
(¢) ¥ =u, v =xyu, y(0) =1, u(0) =0
(d) v =u, v = zyu, y(0) =0, u(0) =1
(e) v =u, v = —zyu, y(0) =0, u(0) =1

18. Using Euler’s method on the previous problem and using a value of h = 0.1, the
solution for y(0.2) is

Select the correct answer.
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19. The fourth order Runge-Kutta method for solving y" = f(z,y,v"), y(zo) = vo,
y'(xo) = ug is

Select the correct answer.

(a)

Yn+1l = Yn + h(m1 —2ms9 + 2mg — m4)/6, Up+1 = Up + h(k‘l — 2ko + 2k3 — k‘4)/6
where m1 = uy, k1 = f(Tn, Yn,Un), mo = up + hk1/2, ke = f(xn + h/2,yn +
hm1/2,un +hk31/2),

ms = Uy + hk‘Q/Q, ks = f(.l‘n + h/2,yn + hm2/2,un + hk2/2), my =

Unp + hkg, k4 = f(xn + h,yn + hmg,un + hkg)

Yn+1 = Yn — h(m1 + 2mo + 2ms3 + m4)/6, Up+1 = Up — h(kﬁl + 2ko + 2k3 + k?4)/6
where my = uy, k1 = f(Tn,Yn, Un), Mo = up + hk1/2,ks = f(xn + h/2,yn +
hm1/2,un +hk31/2),

ms = Uy + hk‘Q/Q, ks = f(.l‘n + h/2,yn + hm2/2,un + hk2/2), my =

Unp + hkg, k4 = f(a:n + h,yn + hmg,un + hkg)

Ynt+1 = Yn + h(m1 + 2mo + 2ms3 + m4)/6, Up+1 = Up — h(kﬁl + 2ko + 2k3 + k?4)/6
where m1 = uy, k1 = f(Tn, Yn,Un), mo = up + hk1/2, ke = f(xn + h/2,yn +
hm1/2,un +hk31/2),

ms3 = Uy + hk‘g/Q, ks = f(.l‘n + h/2,yn + hm2/2,un + hk2/2), my =

U + hkg, k4 = f(a:n + h,yn + hmg,un + hkg)

Yn+1 = Yn — h(m1 + 2mo + 2ms3 + m4)/6, Up4+1 = Up + h(kjl + 2ko + 2k3 + k4)/6
where m1 = uy, k1 = f(Tn, Yn,Un), mo = up + hk1/2, ke = f(xn + h/2,yn +
hm1/2,un +hk31/2),

ms3 = Uy + hk‘g/Q, ks = f(.l‘n + h/2,yn + hm2/2,un + hk2/2), my =

Uy + hks, kg = f(.l‘n + h, yn + hms, u, + hk‘3)

Ynt+1 = Yn + h(m1 + 2m2 + 2m3 + m4)/6, Up+1 = Up + h(kjl + 2/€2 + 2/€3 + k4)/6
where m1 = uy, k1 = f(Tn, Yn,Un), mo = up + hk1/2, ke = f(xn + h/2,yn +
hm1/2,un —|—hk‘1/2),

ms = Uy + hk2/2, kg = f(a:n + h/2,yn + hm2/2,un + hk2/2), myq =

U, + hks, kg = f(.l‘n + h, yn + hms, u, + hk‘3)

20. The solution of y” + zyy’ = 0, y(0) = 0, ¥’ (0) = 1 for y(0.1), using the Runge-Kutta
method of order four, and using h = 0.1, is

Select the correct answer.

(a)
(b)
()
(d)
(e)

0.0909

0.09999
0.09099
0.09899
0.08899
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1. When entering the number 1/7 into a three digit base ten calculator, the actual value
entered is

Select the correct answer.

(a) 1/7
(b) .143
(c) .142
(d) .140
(¢) .150

2. When entering the number 1/7 into a three digit base ten calculator, the round-off
error is

Select the correct answer.

) 0.00143
) 0.000143
) 1/70
)
)

(a
(b
(c
(d
(e

3. The solution of ¥’ =z +y, y(0) =1 for y(0.2), using Euler’s method with h = 0.1, is

Select the correct answer.

(a) 1.01
(b) 1.11
(c) 1.21
(d) 1.22
(e) 1.23

4. In the previous problem, the local truncation error in y,y1 is

Select the correct answer.
(
(

b) 0.05y"(c), where z,, < ¢ < Tp11

a) 0.005y"(c), where z, < ¢ < 41

)

)

(¢) 0.005y"(c), where z,,_1 < ¢ <

(d) 0.05y"(c), where 2,1 < ¢ < x,
)

(e) unknown
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5. The improved Euler’s formula for solving v’ = f(z,y), y(T) =7 is

Select the correct answer.

a) Yn+1 =Yn— f(@n,yn), Yo =7, n=0,1,2,...
Yn+1 :yn_hf(xTWyn)a Yo =1, n:071727"'
Yn+1 :yn‘f‘hf(l’m?/n)a Yo =1, n:071727"'

(d) Ynt1 = Yn + (f(@n,Yn) + f(@ny1.9551)/2, Yo =7, n = 0,1,2,... where y, ;| is
predicted from Euler’s formula

(e) Yn+1 = Yn + h‘(f(ajnvyn) + f(xn+17y:+1)/27 Yo = g> n = 0) 17 27 ... where y;Jrl is
predicted from Euler’s formula
6. The solution of ¢ = x 4+ y, y(0) = 1 for y(0.2), using the improved Euler’s method
with h = 0.1, is

Select the correct answer.

(a) 1.2055

(b) 1.21625
(c) 1.24205
(d) 1.226525
(e) 1.235625

7. The local truncation error for the improved Euler’s method is

Select the correct answer.

(a) O(h)

(b) O(h?)

(c) O(h?)

(d) O(n?)
)

8. The improved Euler’s method is what type of Runge-Kutta method?

Select the correct answer.

(a) first order
(b) second order
(c) third order
(d)
)

(e) It is not a Runge-Kutta method

fourth order
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9. Which of the following are second order Runge-Kutta methods for the solution of
y' = f(2,y), y(xo) = yo?
Select all that apply.

(a) Ynt1 = Yn + h(k1 + k2)/2, where k1 = f(xn,Yn), k2 = f(xn + h,yn + hk1)

(b) Ynt+1 = yn+h(ki/3+2ke/3), where k1 = f(zn,yn), k2 = f(xn+3h/4,y,+3hk1/4)
(€) Yn+1 = Yn+h(2k1/3+ka/3), where k1 = f(zpn,yn), k2 = f(xn+3h/2,y,+3hk1/2)
(d) Ynt1 = yn + h(k1 + k2)/2, where k1 = f(zn, yn), ko2 = f(zn + 2h, yn + 2hk1)

(€) Ynt+1 = Yn + h(3k1 + k2)/4, where k1 = f(zn,yn), k2 = f(zn + 2h, ypn + 2hk:)

10. Using the method from part a of the previous problem, the solution of 3/ = x + v,
y(0) =1 for y(0.2) with h = 0.2 is

Select the correct answer.

(a) 1.222
(b) 1.22
(c) 1.2213
(d) 1.24
(e) 1.21

11. The most popular fourth order Runge-Kutta method for the solution of /' = f(x,y),
y(zo) = yo is
Select the correct answer.

(a) Ynt+l = Yn + h(2k1 + ko + k3 + 2:1434)/67 where kq = f(l’n,yn), ko =
f(xn + h/Q’yn + hk‘l/2)> k?) = f(xn + h/Q’yn + hk2/2)> k4 = f(xn +hayn + hk3)

(b) Ynt1 = Yn + h(k1 + 2ky + 2k3 + k4) /6, where k1 = f(zn,yn), ko =
f(xn +h/2,yy + hk1), ks = f(xn + h/2,yn + hk2), ks = f(zn + h,yn + hk3)

(€) Yn+1 = Yn + h(ky + 2ky + 2k3 + k4)/6, where ky = f(2n,yn), k2 =

(d) Ynt+1 = Yn + h(2k1 + k2 + k3 + 2:1434)/67 where kl = f($n7yn)a k2 =
f(xn + /2, yn + hky), k3 = f(2n + h/2,yn + hk2), ks = f(xn + h, yn + hk3)

(e) Ynt+l = Yn + h(kl + 2ko + 2k3 + k4)/67 where kq = f($n7yn)a ko =
f(l‘n—i-h/?),yn —|—hk‘1/2), ks = f(a:n+2h/3,yn+hk2/2), ky = f(l‘n+h,yn—|—hk‘3)

12. Using the method from the previous problem, the solution of ¥/ = x + y, y(0) =1 for
y(0.2) with h = 0.2 is

Select the correct answer.

(a) 1.241
(b) 1.242
(c) 1.2422
(d) 1.2426
(e) 1.2428
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13. The Adams-Bashforth formula for finding the solution of v/ = f(x,y), y(xg) = yo is

Select the correct answer.

(@) Ypt1 = Yn + h(55y;, — 59y, _y — 3Ty, _o + 65y;,_3)/24, where y;, = f(Tn,Yn),
y;171 = f(l‘n—1,yn—1), yLz = f(xn—2ayn—2)a y;z73 = f(xn—?nyn—?))

(b) Yns1 = yn + h(59y;, — 55y, _1 + 37y,_o — 17y;_5)/24, where y,, = f(2n,Yn),
y;171 = f(l‘n—1,yn—1), yLz = f(xn—2ayn—2)a y;z73 = f(xn—?nyn—?))

(©) Ypi1 = Yn + h(55y;, + 5951 — 3Typ_o — Yy, _3)/24, where y;, = f(2n,yn),
y%—1 = f(l‘nfl,ynflﬁ ?/;z—2 = f(xanuyan)a y;z—?) = f($n737?/n73)

(d) Ypi1 = yn + h(55y;, — 5951 + 3Tyy_o — Yy, _3)/24, where y;, = f(2n,yn),
y%—1 = f(l‘nfl,ynflﬁ ?/;z—2 = f(xanuyan)a ?/;z—g = f($n737?/n73)

(e) none of the above

14. Using the Adams—Bashforth method from the previous problem, and using the values
yo = 1, y1 = 1.1052, yo = 1.2214, y3 = 1.3499, the solution of ' = y, y(0) = 1 for
yr 1 =y(0.4) with h = 0.1 is

Select the correct answer.

(a) 1.4978
(b) 1.5003
(c) 1.4919
(d) 1.4967

)

(e) none of the above

15. Using the value of y;, , | from the previous two problems, the Adams-Moulton corrector
formula for the solution of ¥’ = f(x,y), y(xo) = yo is
Select the correct answer.
( /24, where y;, 1 = f(Znt1, Y511
(

a) Ynt1 = Yn + h(Wns1 — 199, +5yn_1 + ¥ ( )
/34> where %H = f(xn-‘rla y;kLJrl)
( )
( )

) (
b) Ynt1 = Yn + (i1 + 195 + 551 + Yo
C) Yntl = Yn + h(9y;z+1 +19y;, — 52‘/;1—1 - y;z—Q /24, where y;z-l—l = f(Zn+1, 2/:;+1
)
)

/24, where y;, 1 = f(Znt1, Y511

~— — ~— —

(
(d) Ynr1=yn + A1 + 199 — 5y 1 + Yo
(e) none of the above

16. Using the Adams—Bashforth—-Moulton method from the previous three problems, the
solution of ¥’ =y, y(0) =1 for y(0.4) with h = 0.1 is

Select the correct answer.

(a) 1.5003
(b) 1.4978
(c) 1.4919
(d) 1.4967
)

(e) none of the above
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17. The Euler’s method solution for y(0.2) of y” +y = 0, y(0) = 0, ¥'(0) = 1, using
h=0.1, is

Select the correct answer.

18. The standard backward difference approximation of y/(z) is

Select the correct answer.

(a) (y(x+h)—y(x))/h
(b) (y(z) —y(z —h))/h
(c) (y(z+h)—y(x))/h?
(d) y(z +h) —y(z)
(e) y(z) —y(z —h)

19. The standard central difference approximation of y”(z) is

Select the correct answer.

20. Using the notation from the text, the finite difference equation for solving the bound-
ary value problem y” + P(z)y' + Q(x)y = f(z), y(a) = «, y(b) = B is

Select the correct answer.

(a) (1= hPi/2)yis1 + (=24 h*Qi)y; + (1 + hPi/2)yi1 = B2 f;
(b) (1= hPi/2)yir1 + (=2 + h?Qi)yi + (1 — hPi/2)yi—1 = h*f;
(¢) (L+hPi/2)yir1 + (=24 h*Qi)yi + (1 + hPi/2)yi—1 = h*f;
(d) (L+hPi/2)yir1 + (2 = h*Qi)yi + (1 — hP;/2)yi1 = B* f;

) ( ) (—

(e 1+ hPZ/2 Yi+1 + 24+ h2 ) (1 — th/Q)yz—l = h2fz
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1. b

2. e

10. d
11. ¢
12. e
13. d
14. ¢
15. d
16. ¢
17. b
18. b
19. a
20. e
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1. Explain the term round-off error.

2. What is the round-off error in representing the number 1/9 in a three digit, base ten
calculator?

3. Use Euler’s method to find an approximation of 3(0.2) for the solution of 3’ = 3% — 1,
y(0) = 0 with a step size of h = 0.1.

4. In the previous problem, what is the exact value of the error?

5. In the previous two problems, explain how the error would change if you decrease h
to 0.05.

6. The solution of ¢y = y — z, y(0) = 2 for y(0.2), using the improved Euler’s method
with h = 0.2, is

Select the correct answer.

7. The local truncation error for the improved Euler’s method is

Select the correct answer.

8. The improved Euler’s method is what type of Runge-Kutta method?

Select the correct answer.

(a) It is not a Runge-Kutta method
(b) first order
(c) second order
(d) third order
)

(e) fourth order
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9. Which of the following are second order Runge-Kutta methods for the solution of

y' = f(@,y), y(xo) = yo?

Select all that apply.

(8) Yn+1 = yn + h(k1 + k2)/2, where ky = f(2n,yn), k2 = f(zn + b, yn + hk1)

(b) Ynt1 = ynth(k1/3+2k2/3), where ky = f(2n,yn), k2 = f(2n+3h/4, yn+3hk1 /4)
(€) Yn+1 = yn+h(2k1/3+ka/3), where k1 = f(xn,yn), ko = f(xn+3h/2,yn+3hk1/2)
(d) Ynt1 = yn + h(k1 + k2)/2, where k1 = f(xn, yn), k2 = f(zn + 2h, yn, + 2hk;)
(€) Ynt+1 = Yn + h(3k1 + k2)/4, where ky = f(xn,yn), ko = f(zn + 2h, yn + 2hk1)

10. Using the method from response b of the previous problem, the solution of ¢ = y —x,
y(0) = 2 for y(0.2) with h = 0.2 is

Select the correct answer.

11. Write down the most popular fourth order Runge-Kutta method for the solution of
y' = f(2,9), y(xo) = yo-

12. Use the method from the previous problem to solve for y(0.2) in the problem y' =
y? +y, y(0) = 1 with a step size of h = 0.2.

13. In the previous problem, what is the expected order of the local error?

14. The Adams-Bashforth formula for finding the solution of v’ = f(x,y), y(xo) = yo is

Select the correct answer.

(&) Yny1 = Yn + h(55y; — 59,1 — 3Typ_o + 65y),_3)/24, where y;, = f(2n,yn),
y;171 = f(xn—1,yn—1), 9%72 = f(xn—2ayn—2)a y;h:s = f(xn—?nyn—?))

(B) Yni1 = yn + h(55y;, — 59y;,_1 + 3Ty, _o — Yy, _3)/24, where y;, = f(Zn,Yn),
y%—1 = f(Zn-1,Yn-1), ?/;z—2 = [(Zn—2,Yn—2), ?/;z—g = f(Tn—3,Yn-3)

(©) Ynt1 = Yn + W59y, — 55y;, 1 + 3Ty, — 1Ty, _3)/24, where y;, = f(2n,yn),
Z/;AL71 = f(ivn—1,yn—1), 9;72 = f(wn—2ayn—2)a 9;73 = f(wn—?nyn—?))

(d) Y1 = yn + A(55y, + 59y;,_1 — 3Ty,_o — Yy,_3)/24, where y;, = [f(Zn,Yn),
y%—1 = f(Zn-1,Yn-1), ?/;z—2 = [(Zn—2,Yn—2), ?/;z—g = f(Tn—3,Yn-3)

(e) none of the above
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15. Using the Adams—Bashforth method from the previous problem with A = 0.1, and
using the values yo = 1, y; = 1.1052, yo = 1.2214, y3 = 1.3499, the solution of y' = v,

y(0) =1 for yy | = y(0.4) is

Select the correct answer.

(a) 1.4978
(b) 1.5003
(c) 1.4919
(d) 1.4967
)

(e) none of the above

16. Using the value of y; , | from the previous two problems, the Adams-Moulton corrector
formula for the solution of ¥/ = f(x,y), y(xo) = yo is

Select the correct answer.

(@) Yn+1=yn + "9 y1 — 19y, + By 1 + yp_2)/24, where yj, 1 = f(Tnt1,9541)
(0) Yn+1 = yn +h(9Ypi1 + 19y, + 5yp, 1 + Y _o)/34, where y;, 1 = f(Tni1,9541)
(©) Ynt1=1Yn+ h(9yn+1 + 19y, — 5Yp_1 — Yp—2)/24, where yj, 1 = f(Znt1,Y541)
(d) Yn+1 = Yn + h(n 41 + 19y, — Syp_q + Yp_2)/24, where yj, 1 = f(Tn+1,Y541)
(e) none of the above

17. Using the Adams—Bashforth—-Moulton method from the previous three problems, the
solution of ¥’ =y, y(0) =1 for y(0.4) with h = 0.1 is

Select the correct answer.

(a) 1.5003

(b) 1.4978

(c) 1.4919

(d) 1.4967
)

(e) none of the above

18. Rewrite the problem y” + 2zy’ + 3y = 0, y(0) = 2, ¥'(0) = 1 as a system of two first
order initial value problems.

19. Use Euler’s method to solve for y(0.2) in the problem y” + 22y’ + 3y = 0, y(0) = 2,
y'(0) = 1, using a step size of h = 0.1.

20. Use a fourth order Runge-Kutta method to solve for 4(0.2) in the problem y” + 2xy'+
3y =0, y(0) =2, y/(0) =1, using a step size of h = 0.2.
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1.

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.

20.

Round-off error is the error introduced into a calculating machine, due to the finite
capacity of the machine, when a number cannot be represented exactly in the machine.

. error = 1/9000
Y1 = —0.1, Yo = —0.199

. error = (1 —e%4) /(1 + €%4) +0.199 ~ 0.0016

The local error decreases by roughly a factor of 1/4, the global error decreases by
roughly a factor of 1/2.

.a

d

. C

.a,b,c, e

d

Yn+1 = Yn+h(ki1+2ka+2k3+ks) /6, where k1 = f(zn,yn), k2 = f(@n+h/2, yn+hki/2),
ks = f(xn + h/2,yn + hka/2), ks = f(zn + b,y + hk3)

y1 = 1.5683
error= O(h°)
b

(¢
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1. When entering the number 2/3 into a three digit base ten calculator, the actual value
entered is

Select the correct answer.

(a) 2/3
(b) .666
(c) .667
(d) .67
(e) .66
2. When entering the number 2/3 into a three digit base ten calculator, the round-off
error is

Select the correct answer.

3. Euler’s formula for solving v/ = f(z,v), y(T) =7 is

Select the correct answer.

(a‘) Yn+l = Yn T h(f(xﬂnyn) + f(xn+17y:+1)/27 Yo=Y, n= 0) 17 27 ... where y;;Jrl is
predicted from Euler’s formula

(b) yn+1 - yn + (f(ajnayn) + f(xn+17y:;,+1)/27 ?JO - y7 n = 07 17 27 e Where y;kH—l iS
predicted from Euler’s formula

(C) yn+1:yn_f(xnayn)>y0:yan:071,27---
(d) Yn+1 = Yn + hf(l‘n, yn)a Yo =
(e) Yn+1 = Yn — hf(ajnvyn)a Yo =

4. The solution of ¥/ =y + 1, y(0) = 1 for y(0.2), using Euler’s method with A = 0.1, is

Select the correct answer.
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5. In the previous problem, the local truncation error in y,41 is

Select the correct answer.

(a) 0.01e¢, where x,, < ¢ < Tp41

(b) 0.1e¢, where x,, < ¢ < Zp11

(¢) 0.01e®, where x,,—1 < ¢ < xp,

(d) 0.1e¢, where z,_1 < ¢ < xy,
)

(e) unknown

6. Write down the improved Euler’s method to solve y' = f(x,v), y(z0) = yo.

7. Use the improved Euler’s method to find an approximation of y(0.2) for the solution
of y' = 4% —y, y(0) = 2 with a step size of h = 0.2.

8. In the previous problem, what is the exact value of the error?

9. In the previous two problems, explain how the error would change if you decrease h
to 0.05.

10. The most popular fourth order Runge-Kutta method for the solution of ¥/ = f(x,y),
y(zo) = yo is

Select the correct answer.

(a) Yn+1 = Yn + h(2k1 + ko + k3 + 2]@‘4)/67 where ky = f(xnvyn)a ko =
f(xn + h/Qayn + hkl)a k3 = f(xn + h/Qayn + hk2)7 ky = f(xn +h,yn + hkﬁ3)

(b) Yn+l = Yn + h(kl + 2ko + 2k3 + k4)/67 where ky = f(l’n,yn), ko =
f(xn‘i‘h/?”yn —|—hk‘1/2), ks = f(a:n+2h/3,yn +hk‘2/2)> ky = f(xn‘i‘h’yn"i‘hk‘?))

(C) Yn+l = Yn + h(le + ko + k3 + 2:1434)/67 where k; = f(l’n,yn), ko =
f(xn+h/2,yn + hk1/2), k3 = f(xn + h/2,yn + hk2/2), ks = (2 + h, yn + hk3)

(d) Yn+l = Yn + h(kl + 2ko + 2k + k4)/67 where kq = f(l’n,yn), ko =
(@ +h/2,yn + hk1/2), k3 = f(xn + h/2,yn + hk2/2), ks = (2 + h, Y + hk3)

(e) Yn+1l = Yn + h(kl + 2kg + 2k3 + k4)/67 where ki = f(xnayn)> ko =
f(xn + h‘/27yn + hkl)v k3 = f(xn + h‘/27yn + hk’Q)v ky = f(xn + hayn + hk‘?))
11. Using the method from the previous problem, the solution of ¢y =y + 1, y(0) = 0 for
y(0.2) with h = 0.2 is

Select the correct answer.

(a) 2414
(b) .241
(c) .214
(d) .221
(e) 2214

12. Write down the Adams-Bashforth formula for y,,, the solution of y' = f(x,y),
y(z0) = yo at Tpiq.
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13. Use the value of y; | from the previous problem to write down the Adams-Moulton
corrector value for the solution of the same problem.

14. Use the Adams—Bashforth—-Moulton method of the previous two problems to find an
approximation of the solution of ¥/ =y + 1, y(0) = 1 at = 0.4, using h = 0.1, given
y(0) =1, y(0.1) = 1.2103, y(0.2) = 1.4428, y(0.3) = 1.6997.

15. The standard forward difference approximation of 3/(x) is

Select the correct answer.

(&) (y(@+h) +2y(x) +y(z — h))/h’
(b) (y(@+h) = 2y(x) + y(z — h))/h*
(©) (y(z+h)=2y(z) +yx—h)/h
(d) (y(z+h)+2y(x) +y(x—h))/h
(©) (y(z +h) —y(x))/h

16. The standard central difference approximation of y”(z) is

Select the correct answer.

(a) (y(x+h)—2y(x) +y(z—h))/h
(b) (y(z +h) +2y(x) +y(x—h))/h
(c) (y(z+h)—2y(x) +y(z — h))/h?
(d) (y(@+h)+ 2y(@) + y(z — h))/h?
(e) (y(z+h)—ylz—nh)/h

17. Using the notation in the text, write down the finite difference equation for the initial
value problem y" + P(z)y" + Q(x)y = f(x), y(x0) = yo, y(z1) = y1.

18. Using the finite difference equation from the previous problem, write down the system
of equations generated by the problem y” + 3y’ + 2y = 0, y(0) = 1, y(1) = 2 with
n =4.

19. Briefly explain the shooting method for solving " = f(x,y,v’), y(xo) = yo,
y(x1) = 1.

20. Use the shooting method once along with Euler’s method with n = 2 with an initial
guess of y/(0) = 1 to find a solution of ¥’ =y + 1, y(0) = 0, y(1) = 1. What is the
error at x = 17
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1. ¢
2. e
3.d
4. e
5. a

6. Ynt1 = Yn + h(f(zn,yn) + f(@nt1,¥541))/2, where y/ ;| is calculated from Euler’s
method

7. 2.536

8. error = 2/(2 — €%2) — 2.536 ~ 0.0327

9. The error would decrease by roughly a factor of 1/8.
10. d

11. e

12y o1 = Yn+h(55y,, =59y, _1+37Y), o= _3)/24, yp, = [(@n,Yn), Yn—1 = f(Tn_1,Yn-1),
y;172 = f(l‘n_g, yn—2)> y;173 = f(xn—?)v yn—3)

13. Ynt1 = Yn + h(Wni1 + 199 — 5yn_1 +Yn—2)/24, Yny1 = f(@n+1,Yn41)
14. yy = 1.9836

15. e

16. ¢

17. (14 hP;/2)yi1 + (—2+ h?Qi)ys + (1 — hPi/2)y; 1 = B2 f;

18. 1lys — 15y; = —5, 11yz — 152 + 5y1 = 0, —15y3 + 5ys = —22

19. The shooting method is a numerical method for solving the boundary value problem
vy = f(z,9,9"), y(x0) = yo, y(x1) = y1 by replacing the right hand boundary condition
with a guess of the initial condition y'(xg) = y2, and solving that problem. If the value
of the solution at x; is not within a predetermined distance from the actual value, yq,
then iterate.

20. yp = 5/4, error=1/4



Zill Differential Equations 9e Chapter 9 Form G

1. Explain the term truncation error.

2. What is the round-off error in representing the number 2/3 in a three digit, base ten
calculator?

3. Use Euler’s method to find an approximation of y(0.2) for the solution of ¢/ =y — 1,
y(0) = 0 with a step size of h = 0.1.

4. In the previous problem, what is the exact value of the error?

5. In the previous two problems, explain how the error would change if you decrease h
to 0.05.

6. The solution of 3 = 32, y(0) = 2 for y(0.2), using the improved Euler’s method with
h=0.2,is

Select the correct answer.

7. The local truncation error for the improved Euler’s method is

Select the correct answer.

8. The improved Euler’s method is what type of Runge-Kutta method?

Select the correct answer.

fourth order

(a
(b) third order

)

b)

(c) second order
(d) first order
(e) It is not a Runge-Kutta method
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9. Which of the following are second order Runge-Kutta methods for the solution of
y' = f(@,y), y(xo) = yo?
Select all that apply.
() Ynt1 = Yn+h(2k1/3+k2/3), where k1 = f(xpn,Yn), k2 = f(xn+3h/2,yn+3hk1/2)
(b) Ynt1 =yn + h(kL + k2)/2, where ki = f(n, yn), k2 = f(2n + 2h, yn + 2hk1)
(€) Ynt+1 = Yn + h(3ky + k2)/4, where ky = f(xn,yn), ko = f(zn + 2h, yn + 2hk1)
(d) Ynt+1 = yn + h(k1 + k2)/2, where k1 = f(2n,yn), ko = f(zn + h,yn + hk1)
(€) Ynt1 = yn+h(k1/3+2ko/3), where k1 = f(xp,yn), k2 = f(xn+3h/4,y,+3hk1/4)

10. Using the method from response c of the previous problem, the solution of y' = y?,
y(0) = 2 for y(0.2) with h = 0.2 is

Select the correct answer.

11. Write down the most popular fourth order Runge-Kutta method for the solution of
y' = f(2,9), y(zo) = yo.

12. Use the method from the previous problem to solve for y(0.2) in the problem y' =
y? —y, y(0) = 2 with a step size of h = 0.2.

13. What is the order of the global error you expect in the previous problem if you were
to calculate the solution out to x = 5.07

14. The Adams—Bashforth formula for finding the solution of v/ = f(x,y), y(xo) = yo is

Select the correct answer.

(2) Yns1 = Yn + h(55y;, — 59,1 + 37y;_o — 9y;,_3)/24, where y;, = f(zn,yn),
y%—1 = f(Zn-1,Yn-1), ?/;z—2 = [(Zn—2,Yn—2), ?/;z—g = f(Tn—3,Yn-3)

(b) Yny1 = yn + W55y, — 59y;, 1 — 3Ty, _o + 65y;,_3)/24, where y;, = f(2n,yn),
Z/;AL71 = f(ivn—1,yn—1), 9;72 = f(wn—Qayn—Q)a 9;73 = f(wn—?nyn—?))

(©) Ynt1 = Yn + h(B9y; — B5yp_q + 3Typ_o — 17y;,_3)/24, where y, = f(2n,yn),
y%—1 = f(Zn-1,Yn-1), ?/;z—2 = [(Zn—2,Yn—2), ?/;z—g = f(Tn—3,Yn-3)

(d) Ypt1 = yn + h(55y;, + 59,1 — 3Ty,_o — Yy;_3)/24, where y;, = f(n,yn),
Z/;AL71 = f(ivn—1,yn—1), 9;72 = f(wn—Qayn—Q)a 9;73 = f(wn—?nyn—?))

(e) none of the above



Zill Differential Equations 9e Chapter 9 Form G

15. Using the Adams—Bashforth method from the previous problem, and using the values
Yo = 2, y1 = 2.2351, yo = 2.5687, y3 = 3.0762, the solution of 3 = 32 — y, y(0) = 2
for yy 1 = y(0.4) with h =0.11s

Select the correct answer.

(a) 3.9356
(b) 3.9346
(c) 3.9336
(d) 3.9326
(e) 3.9316

16. Using the value of y; , | from the previous two problems, the Adams-Moulton corrector
formula for the solution of ¥/ = f(x,y), y(xo) = yo is

Select the correct answer.

(@) Yn+1 =Y + 1(9ni1 — 19y + 5Yp_1 + Yn_o)/24, where yp, ) = f(Tni1,Y541)
(B) Ynt1 =yn + (i1 + 197 + 5y 1 + Y _2)/34, where yp, = f(@ny1, 95 41)
( )/24, where ¥, 1 = f(Tn41,Yp1)

) ( )

d) Yny1 =yn + h(9y;1+1 + 19941 - 53/;171 + yé—2 /24> where y;wrl = f(Tnt1, Z/;H

)
)
(©) Ynt1="Yn + (W1 + 195 = 5Yp_1 — Yn_o
(d)
(e) none of the above

17. Using the Adams—Bashforth—-Moulton method from the previous three problems, the
solution of ¢/ = y? — v, y(0) = 2 for y(0.4) with h = 0.1 is

Select the correct answer.

(a) 3.9316
(b) 3.9326
(c) 3.9336
(d) 3.9346
(e) 3.9356

18. Rewrite the problem y” — 2zy’ + 4y = 0, y(0) = 1, 3/(0) = 2 as a system of two first
order initial value problems.

19. Use Euler’s method to solve for y(0.2) in the problem y” — 2zy’ + 4y = 0, y(0) = 1,
y'(0) = 2, using a step size of h = 0.1.

20. Use a fourth order Runge-Kutta method with a step size of h = 0.2 to solve for y(0.2)
in the problem y” — 2zy' + 4y = 0, y(0) = 1, ¥/(0) = 2.
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1.

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.

20.

Truncation error is the formula error in using only a finite number of terms of an
infinite expansion (for example, of a Taylor’s series).

error = 1/3000

Y1 = —0.1, Yo = —0.21

. error = 1 — %2 — (—.21) = —0.0114

The local error would decrease by about a factor of 1/4, and the global error would
decrease by about a factor of 1/2.

[§]

b

. C

a,c,d, e
e

Yn+1 = Yn+h(k1+2ka+2ks+ky)/6 where k1 = f(zn,yn), ko = f(xn+h/2,yn+hki1/2),
ks = f(xn + h/2,yn + hka/2), ks = f(zn + b,y + hk3)

Y1 = 2.5682
error= O(h?)

a

a

d

e

Yy =wu, v =2zu—4y, y(0) =1, u(0) = 2
yo = 1.36

y1 = 1.3146
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1. When entering the number 2/7 into a three digit base ten calculator, the actual value
entered is

Select the correct answer.

(a) 2/7
(b) .286
(c) .285
(d) .28
(e) .29

2. When entering the number 2/7 into a three digit base ten calculator, the round-off
error is

Select the correct answer.

3. Write down Euler’s method to solve v’ = f(x,y), y(xo) = yo.

4. Use Euler’s method with a step size of h = 0.1 to find an approximation of y(0.2),
where y is the solution of ¢/ = y? + 1, y(0) = 0.

5. In the previous problem, what is the exact value of the error?

6. In the previous two problems, explain how the error would change if you decrease h
to 0.05.
7. The improved Euler’s formula for solving v’ = f(z,y), y(T) =7 is

Select the correct answer.

(a‘) Yn+1 = Yn + h(f(@"n»yn) + f(xn+17y:+1)/27 Yo=Y, n= 0) 17 27 ... where y:—f—l is
predicted from Euler’s formula

(b) Yn+1 = Yn + (f(l’myn) + f(xn+17y;+1)/27 Yo = y7 n = 07 17 27 ... where y:;+1 is
predicted from Euler’s formula

(C) Yn+1 = Yn—-1 — f($n7yn)7 Yo = ga n = 07 1727 cee
(d) Yn+1 :yn+hf($nuyn)7 ?JO:@ n2071727"'
(e) Yn+1 :yn_hf($n7yn)7 y(]:ya n2071727"'
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8. The solution of ¢ = y + 1, y(0) = 1 for y(0.2), using the improved Euler’s method
with 7 = 0.1, is

Select the correct answer.

(a) 1.43
(b) 1.431
(c) 1.44205
(d) 1.44315
(e) 1.44505

9. In the previous problem, the local truncation error in y,41 is

Select the correct answer.

10. The most popular fourth order Runge-Kutta method for the solution of ¥/ = f(x,y),
y(zo) = yo is

Select the correct answer.

(a) Yn+1l = Yn + h(kl + 2ko + 2k + k4)/67 where kq = f(l’n,yn), ko =
f(xn+h/2,yn + hk1/2), k3 = f(xn + h/2,yn + hk2/2), ks = (2 + h, Yn + hk3)

(b) Yn+1 = Yn + h(2k1 + ko + k3 + 2]@‘4)/67 where ky = f(xnayn)> ko =
f(xn + h/Qayn + hkl)a ks = f(xn + h/Qayn + hk2)7 ky = f(xn +h,yn + hkﬁ3)

(C) Yn+1 = Yn + h(kl + 2ko + 2k3 + k4)/67 where k1 = f(xnayn)> ko =

(d) Yn+1l = Yn + h(le + ko + k3 + 2k34)/67 where kq = f(l’n,yn), ko =
f(xn+h/2,yn + hk1/2), k3 = f(xn + h/2,yn + hk2/2), ks = (2 + h, yn + hk3)

(e) Yn+1l = Yn + h(kl + 2ko + 2ks + k4)/67 where kq = f(l‘nayn% ko =
f(xn + h/Qayn + hkl)a k3 = f(xn + h/Qayn + hk2)7 ky = f(xn +h,yn + hkﬁ3)

11. Using the method from the previous problem, the solution of ¥/ =y — 1, y(0) = —1
for y(0.2) with h = 0.2 is

Select the correct answer.

(a) —1.4418
(b) —1.4428
(c) —1.4438
(d) —1.4448

)

(e) —1.4458
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12. Write down the Adams-Bashforth formula for ¥, the solution of ¥ = f(x,y),
y(zo) = Yo at Tp41.

13. Use the value of y; | from the previous problem to write down the Adams-Moulton
corrector value for the solution of the same problem.

14. Use the Adams—Bashforth—-Moulton method of the previous two problems to find an
approximation of the solution of ¢ =y — 2, y(0) = 1 at z = 0.4, using h = 0.1, given
y(0) =1, y(0.1) = 0.8948, y(0.2) = 0.7786, y(0.3) = 0.6501.

15. Using the notation from the text, the finite difference equation for solving the bound-
ary value problem y” + P(x)y + Q(z)y = f(z), y(a) = «, y(b) = B is

Select the correct answer.

(a) (1= hPi/2)yis1 + (=24 h2Qi)y; + (1 + hPi/2)yi1 = B2 f;
(b) (1= hPi/2)yir1 + (=2 + h*Qi)yi + (1 — hPi/2)yi—1 = I f;
(©) (L+hP/2)yir1 + (=2 +1°Qi)yi + (1 + hB;/2)yi1 = h*f;
(d) (L+hPi/2)yir1 + (2 = h*Qi)yi + (1 — hP;/2)yi1 = B* f;
(€) (L+hPi/2)yir1 + (=2 +hQi)yi + (1 — hP;/2)yi1 = h*f;

16. Using the finite difference formula from the previous problem, the system of equations
you derive for the problem y” +y =0, y(0) =0, y(1) =1 with n = 2 is

Select the correct answer.

(a) 1—=Ty1/4=0

(b) 14Ty /4 =0

() 1=Tya/d+y1=0,y2 = Ty1 /4 =0

(d) 1—3y2/4+3y1/4=0, y2 —3y1/4 =0
)

(e

17. Using the finite difference formula from above, the system of equations you derive for
the problem y”" +y =0, y(0) =0, y(1) =1 with n =4 is

1—y2/4+y1/4=0,y2—y1/4=0

Select the correct answer.

(a) yo +31y1/16 = 0, y3 + 31ya/16 +y1 = 0, 1 + 31y3/16 +y2 = 0

(b) yo — 15y1/16 = 0, y3 — 15y2/16 + 31 = 0, 1 — 15y3/16 + y = 0

(¢) yo —31y1/16 =0, y3 — 31y2/16 + 31 = 0, 1 — 31y3/16 + o = 0

(d) yo + 15y1/16 = 0, y3 + 15y2/16 + 31 = 0, 1+ 15y3/16 + yo = 0
)

(e) yo —15y1/8 =0, y3 — 15y2/8 +y1 =0, 1 — 15y3/8 + y2 =0
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18. The numerical solution of the problem in the previous problem is

Select the correct answer.

Yo = O, Y1 = .2934, Yo = .5072, Yys = .8014, Yg = 1

)
)
) Yo = O, Y1 = .2943, Yo = .5702, Yys = .8104, Yg = 1
)
() yo =0, y1 =.2839, yo = .5772, y3 = .8004, ys = 1

19. Briefly explain the finite difference method for solving v = f(z,vy,v’), y(xo) = yo,
y(r1) = 1.

20. Use the finite difference method with n = 2 to find a solution of y” +y = 0, y(0) = 2,
y(1) = 1.
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1.

2.

10.
11.
12.

13.
14.
15.
16.
17.
18.
19.

20.

b

b

Ynt1 = Yn + hf (@0, yn)s Yo = y(zo)
y1 = 0.1, y» = 0.201

error = tan(0.2) — 0.201 ~ 0.00171

local error decreases by about a factor of 1/4, global error decreases by about a factor
of 1/2

a
c
d

a

b

Yns1 = Yn + h(55y;, — 59y, 1 + 3Ty, _o — Yy, _3)/24 where y;, = f(2n,Yn), Yn_1 =
f(xn—la yn—1)> y;L—Q = f(.l‘n_g, yn—2)7 y;LfB = f(mn—37 yn—3)

Yn+1 = Yn + M(9Ypn1 + 1995 — Syp_1 + yp_2)/24 where yp, 1y = f(@n41,¥pp1)
y1 = 0.5082

€

a

C

C

Divide the interval into n equal subintervals. Use a central difference approximation to
approximate y” () at each of the n—1 interior points. There are n— 1 linear equations
in the n — 1 unknown values y1, y2, ..., yn—1 and the known values yy = y(zo),
yn = y(xy). Solve this system of linear equations for the unknown solution values.

y(0) = 2, y(0.5) =12/7, y(1) = 1



