
10/13/2017 Fall 2017, Calculus I Quiz 6 (version 1) Solutions Sitaraman
Howard University Math Department

1. Newton’s Law of Gravitation says that two bodies attract with a force of F =
GmM

r2
where r is the distance between the bodies and m,M are their masses. G is the
gravitational constant. Assume that m,M are also fixed,in the following.

a) Find dF/dr and explain what it means.

b) If the force between earth and another object is decreasing at 2N/km when r =
2 × 104 km how fast is the force decreasing when r = 104 km ? You don’t need
calculator for this. Use properties of exponents.

Soln:

(a) Since G,m,M are fixed, you can just keep them as they are.

dF/dr =

(
GmM

r2

)′
= GmM(r−2)′ = −2GmMr−3.

(b) When dF/dr = −2, r = 2 × 104. Note that the rate of change is negative becuse
the force is decreasing. We get two equations:

dF

dr
= −2 = −2GmM(2× 104)−3 (1)

dF

dr
= −2GmM(104)−3 (2)

Dividing (2) by (1) we get (dF/dr)/(−2) = (104)−3/(2 × 104)−3 =⇒ dF/dr =
(−2)/(2−3) = −21−(−3) = −24 = −16.

So the force is decreasing at 16 N/km when they are 104 km apart.

You can also do this by solving for GmM from first equation and plugging it into the
second.

2. The amount in an investment account grows under continuous compounding at 8 per-
cent annual rate and doubles every (ln 2)/0.08 = 8.66 years.

a) (5 points) Write the equation for A(t). You answer will be in terms of A(0).

b) (5 points) How long would an amount invested in the account take to grow eight
fold?

c) (10 points) Show that the instantaneous percentage rate of growth is 8.

i.e, (A′(t)/A(t))100 = 8
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Solution:

a) A(t) = A(0)e0.08t because if A(t) = A(0)ekt then doubling time (as shown in class)
is ln 2/k so in this case k = 0.08.

b) 8 = 23 = 2× 2× 2 so it has to double 3 times. So it would take 3× 8.66 = 26 years
approximately. REMEMBER THAT EXPONENTIAL FUNCTION ALWAYS TAKES
SAME TIME TO DOUBLE (OR TRIPLE, OR QUADRUPLE,...) REGARDLESS OF
HOW MUCH YOU START WITH!!

You can also do this by letting 8A(0) = A(0)e0.08t and solving for t.

You will get T = ln 8/0.08 as answer but ln 8 = ln 23 = 3 ln 2 so T = 3 ln 2/0.08 =
3(8.66) = 26 approximately.

It is given that ln 2/0.08 = 8.66 !

c) A′(t) = A(0)(0.08e0.08t). So A′(t)/A(t) = 0.08 and 100× (A′(t)/A(t)) = 100(0.08) =
8.

3. Two runners start at the same point. Runner A travels north at 6 mph while runner
B travels east at 8 mph. How fast is the distance between them increasing after an
hour?

Solution:

Let the starting point be P. a be the distance of A from P and b the distance of B from
P. Then the distance between them, say c, is given by c2 = a2 + b2.

Differentiating both sides implicitly with respect to time,

2c(dc/dt) = 2a(da/dt) + 2b(db/dt).

When t = 1, a = 1× 6 = 6, da/dt = 6, b = 1× 8 = 8, db/dt = 8,

and c =
√

82 + 62 =
√

64 + 36 =
√

100 = 10.

Solving for dc/dt we get dc/dt = (2a(da/dt)+2b(db/dt))/(2c) = (a(da/dt)+b(db/dt))/c =
((6)(6) + (8)(8))/(10) = 100/10 = 10 mph.
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10/13/2017 Fall 2017, Calculus I Quiz 6 (version 2) Solutions Sitaraman
Howard University Math Department

1. Newton’s Law of Gravitation says that two bodies attract with a force of F =
GmM

r2
where r is the distance between the bodies and m,M are their masses. G is the
gravitational constant. Assume that m,M are also fixed,in the following.

a) Find dF/dr and explain what it means.

b) If the force between earth and another object is decreasing at 2N/km when r =
2 × 104 km how fast is the force decreasing when r = 104 km ? You don’t need
calculator for this. Use properties of exponents.

Soln:

(a) Since G,m,M are fixed, you can just keep them as they are.

dF/dr =

(
GmM

r2

)′
= GmM(r−2)′ = −2GmMr−3.

(b) When dF/dr = −2, r = 2 × 104. Note that the rate of change is negative becuse
the force is decreasing. We get two equations:

dF

dr
= −2 = −2GmM(2× 104)−3 (3)

dF

dr
= −2GmM(104)−3 (4)

Dividing (4) by (3) we get (dF/dr)/(−2) = (104)−3/(2 × 104)−3 =⇒ dF/dr =
(−2)/(2−3) = −21−(−3) = −24 = −16.

So the force is decreasing at 16 N/km when they are 104 km apart.

You can also do this by solving for GmM from first equation and plugging it into the
second.

2. The amount in an investment account grows under continuous compounding at 4 per-
cent annual rate and doubles every (ln 2)/(0.04) = 17.33 years.

a) (5 points) Write the equation for A(t). You answer will be in terms of A(0).

b) (5 points) How long would an amount invested in the account grow 16 fold?

c) (10 points) Show that the instantaneous percentage rate of growth is just 4.

i.e, (A′(t)/A(t))100 = 4

Solution:
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a) A(t) = A(0)e0.04t because if A(t) = A(0)ekt then doubling time (as shown in class)
is ln 2/k so in this case k = 0.04.

b) 16 = 24 = 2×2×2×2 so it has to double 4 times. So it would take 4×17.33 = 69.32
years. REMEMBER THAT EXPONENTIAL FUNCTION ALWAYS TAKES SAME
TIME TO DOUBLE (OR TRIPLE, OR QUADRUPLE,...) REGARDLESS OF HOW
MUCH YOU START WITH!!

You can also do this by letting 16A(0) = A(0)e0.04t and solving for t.

You will get T = ln 16/0.04 as answer but ln 16 = ln 24 = 3 ln 2 so T = 4 ln 2/0.04 =
4(17.33) = 69.32.

It is given that ln 2/0.04 = 17.33 !

c) A′(t) = A(0)(0.04e0.04t). So A′(t)/A(t) = 0.04

and 100× (A′(t)/A(t)) = 100(0.04) = 4.

3. Two walkers start at the same point. Walker A travels north at 3 mph while walker B
travels east at 4 mph. How fast is the distance between them increasing after an hour?

Solution:

Let the starting point be P. a be the distance of A from P and b the distance of B from
P. Then the distance between them, say c, is given by c2 = a2 + b2.

Differentiating both sides implicitly with respect to time,

2c(dc/dt) = 2a(da/dt) + 2b(db/dt).

When t = 1, a = 1× 3 = 3, da/dt = 3, b = 1× 4 = 4, db/dt = 4,

and c =
√

42 + 32 =
√

16 + 9 =
√

25 = 5.

Solving for dc/dt we get dc/dt = (2a(da/dt)+2b(db/dt))/(2c) = (a(da/dt)+b(db/dt))/c =
((3)(3) + (4)(4))/(5) = 25/5 = 5 mph.
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