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Section 5.4
Initial value problems
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Differential equations

Definition 1

The Initial value problem is the problem of finding the function y given the
derivative y ′ and initial condition y(a) = b.

Idea: Integrate y ′ and find the general antiderivative and then substitute
x = a and y = b to find the function y .

Note: The initial value problem is subclass of a bigger problem in
mathematics called solving differential equations.
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Example 2

If y satisfies the given condition, find y(x).

dy

dx
= 6x2 − 8x + 12 and y(0) = 2

Solution: We integrate to find y .

y =
∫
(6x2 − 8x + 12) dx

y = 2x3 − 4x2 + 12x + C

2 = 2(0)3 − 4(0)2 + 12(0) + C

2 = C

y= 2x3 − 4x2 + 12x + 2
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Exercise 3

If y satisfies the given condition, find y(x).

dy

dx
= 9x2 − 4x + 5 and y(−1) = 0.
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Example 4

If y satisfies the given condition, find y(x).

y ′′ = 6x + 4 and y ′(0) = 1, y(0) = 5

Solution: We integrate to find y .

y ′ =
∫
(6x + 4) dx

y ′ = 3x2 + 4x + C

1 = 3(0)2 + 4(0) + C → C = 1

y ′= 3x2 + 4x + 1

y =
∫
(3x2 + 4x + 1) dx

y = x3 + 2x2 + x +D

5 = y(0)→ D = 5

y= x3 + 2x2 + x + 5

Dr. Abdulla Eid (University of Bahrain) Fundamental Theorem of Calculus 5 / 8



Dr
. A
bd
ull
a
Ei
d

Exercise 5

If y satisfies the given condition, find y(t).

d2y

dt2
= cos t + sin t and y ′(π) = 0, y(π) = 1
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Example 6

If y satisfies the given condition, find y(x).

dy

dx
= e−x +

1√
1− x2

and y(0) = π

Solution: We integrate to find y .

y =
∫ (

e−x +
1√

1− x2

)
dt

y = − e−x + sin−1 x + C

π = −e−0 + sin−1(0) + C

π = −1 + 0 + C

π − 1 = C

y= −e−x + sin−1 x + π − 1
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Exercise 7

If y satisfies the given condition, find y(x).

y ′ =
3

1 + x2
, y ′(1) = 5
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