
MITES 08 - Physics III - Solutions to Problems in Math Supplement A

Solution 1.:

dz

dx
+ 5x = 0

⇒ dz = −5xdx

⇒
∫ zf

z0

dz =
∫ xf

x0

−5xdx (where, z0 = z(x0), and zf = z(xf ))

⇒ zf − z0 =
−5x2

f

2
+

5x2
0

2

⇒ z(x) =
−5x2

2
+ z0 +

5x2
0

2
(where, we relabeled z = zf and x = xf )

⇒ z(x) =
−5x2

2
+ c (where, we relabeled constant c = z0 +

5x2
0

2
)

Thus, the solution to our differential equation is: z(x) =
−5x2

2
+ c .

Solution 2.:

dy

dt
+ at2 + b = 0

⇒ dy = (−at2 − b)dt

⇒
∫ yf

y0

dy =
∫ tf

t0

(−at2 − b)dt (where, y0 = y(t0), and yf = y(tf ))

⇒ yf − y0 =
−at3f

3
− btf +

at30
3

+ bt0

⇒ y(t) = −at3

3
− bt + y0 +

at30
3

+ bt0 (where, we relabeled y = yf and t = tf )

⇒ y(t) = −at3

3
− bt + c. (where, we relabeled constant c = y0 +

at30
3

+ bt0)

Thus, the solution to our differential equation is: y(t) = −at3

3
− bt + c .

Solution 3.:

dx

dz
= z − ez

⇒ dx = (z − ez)dz

⇒
∫ xf

x0

dx =
∫ zf

z0

(z − ez)dz (where, x0 = x(z0), and xf = x(zf ))

⇒ xf − x0 = −exp(zf ) +
z2
f

2
+ exp(z0)−

z2
0

2

⇒ x(z) = −exp(z) +
z2

2
+ x0 + exp(z0)−

z2
0

2
(where, we relabeled x = xf and z = zf )

⇒ x(z) = −exp(z) +
z2

2
+ c. (where, we relabeled constant c = x0 + exp(z0)−

z2
0

2
)

Thus, the solution to our differential equation is: x(z) = −exp(z) +
z2

2
+ c .
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Solution 4.:

dx

dt
= 3− 1

t

⇒ dx = (3− 1
t
)dt

⇒
∫ xf

x0

dx =
∫ tf

t0

(3− 1
t
)dt (where, x0 = x(t0), and xf = x(tf ))

⇒ xf − x0 = (3t− ln(t))
∣∣∣tf

t0

⇒ xf = 3tf − ln(tf )− 3t0 + ln(t0) + x0

⇒ x(t) = 3t− ln(t) + x0 − 3t0 + ln(t0) (where, we relabeled x = xf and t = tf )
⇒ x(t) = 3t− ln(t) + c (where, we relabeled constant c = x0 − 3t0 + ln(t0))

Thus, the solution to our differential equation is: x(t) = 3t− ln(t) + c . Notice that we must have t > 0 since ln(t)
is an undefined function for t < 0

Solution 5.:

x
dx

dt
= −bt

⇒ xdx = −btdt

⇒
∫ xf

x0

xdx =
∫ tf

t0

−btdt(where, x0 = x(t0), and xf = x(tf ))

⇒
x2

f

2
− x2

0

2
= −

bt2f
2

+
bt20
2

⇒ [x(t)]2 = x2
0 + bt20 − bt2 (where, we relabeled x = xf and t = tf )

⇒ [x(t)]2 = c− bt2 (where, we relabeled constant c = x2
0 + bt20)

⇒ x(t) = ±
√

c− bt2

Thus, the solution to our differential equation is: x(t) = ±
√

c− bt2 .

Continued on the next page...
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Solution 6.:

dk

dt
= 3− k

⇒ dk

3− k
= dt

⇒
∫ kf

k0

dk

3− k
=

∫ tf

t0

dt (where, k0 = k(t0), and kf = k(tf ))

⇒ −ln(3− k)
∣∣∣kf

k0

= tf − t0

⇒ −ln(3− kf ) + ln(3− k0) = tf − t0

⇒ ln(
1

3− kf
) = (tf − t0)− ln(3− k0)

⇒ exp

[
ln(

1
3− kf

)
]

= exp [(tf − t0)− ln(3− k0)]

⇒ 1
3− kf

= exp [tf − t0] exp [−ln(3− k0)]

⇒ 1
3− kf

=
exp [tf − t0]

3− k0

⇒ 3− k0

exp [tf − t0]
= 3− kf

⇒ k(t) = 3− (3− k0)exp(−t)exp(t0) (where, we relabeled k = kf and t = tf )
⇒ k(t) = 3− ce−t (where, we relabeled constant c = (3− k0)exp(t0))

Thus, the solution to our differential equation is: k(t) = 3− ce−t .


