Math 118 — Homework #17 SOLUTION (3 points)

CiC, p. 402-3, # 13.

FE is a first integral because it is constant for all . We can see this by showing that £’ = 0:

1 1 1
E@) = 5(21} o'y + 562(290 -2’y + 16(4003 -2’)
v(=b*x — Ba®) +b%zv + BxPv
= 0

CiC, p. 403, # 14.

Given: z(0) =2, v(0) =0, b=4, 8 =1.
a. The value of F is

1 1 1
B(O) = L) + 52O + 1ol = 3
b. At the rest position, x = 0. To find v, we use the constant value of E:
T R PN a1y
36fEf2v +2b [0] +4B[0] =3v

So v = #+/72 = £8.485 cm/sec.

c. If # > 2, then the sum of the last two terms of the first integral (%62932 + %Baf:‘l) is greater than
32 + 4 = 36. Since the first term of the first integral is never negative, we would have £ > 36 if
x > 2. Since F is always equal to 36, x cannot be greater than 2.

CiC, p. 403, # 15.

From Exercise #13, we know that

B) = S + e + 1Aa0)

is a first integral of the system of differential equations.

Using the initial conditions: #(0) = a, v(0) = p, we can determine the total energy in the system:

1 1 1 p?  a?b?  a*p
E©0) = =[p]2+ =b[a]®> + - = —.
©) = 3lpl” + 56%a]” + 7 Sla] 5 T 7

Using this constant, we can show that whenever £ = a, we have v = &p which implies that we return to our
initial conditions # = a, v = p so that the cycle repeats. Let z = a in E:
2 22 4
P a®b a*f3 15 15,5 1,
— 4+ +— = F = —v* + =b%a" + -fa
2 2 4 2 2 46
Then p? = v? so that v = £p.




