
3/11/2016 Spring 2016, Calculus I Quiz 6 Sitaraman
Howard University Math Department

Instructions:
PLEASE PROVIDE STEP BY STEP EXPLANATIONS
WRITING ONLY ANSWERS WILL NOT GET FULL CREDIT
Time Limit 30 minutes
Please read the questions carefully before answering
Each problem 10 points.

1. A radioactive material decays according to the function N(t) = N0e
−kt where N(t) is

the amount after t years. Carbon-14 has a Half-life of about 5730 years (so in 5730 years
the original amount N0 would be reduced in half). A discovery revealed a parchment
fragment that had about 74 percent as much Carbon-14 as does plant material today.
Estimate the age of the fragment. [Hint: First find k. Then find how long it would
have taken for N0 to become 0.74N0. You don’t need to know the value of N0!).

Solution:

As shown in class, the half-life T1/2 = ln2/k. So we have 5730 = ln2/k and thus
k = ln2/5730 = 0.00012.

Putting this value of k in original equation we get N(t) = N0e
−0.00012×t

Now we want 0.74N0 = N0e
−0.00012×t.

Taking logarithms on both sides we get ln(0.74) = (−0.00012)t =⇒ t = −0.00012/ln(0.74) =
2509.2 years.

Depending on the number of decimal places you used for k the answer may vary a little
bit.

2. The period of a simple pendulum (the type you see hanging inside an old-fashioned

clock) is given by T = 0.64114
√
l where l is the length of the pendulum in meters. Find

the error in the period T if there could be an error of ±0.01meters in the measurement
of the length l, when l is measured as 0.5 meter, using differentials. Round your answer
to three decimal places.

Solution: We have: dT = T ′(l)dl.

T ′(l) = 0.64114(
√
l)′ = 0.64114
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)
because the derivative of
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l = (l1/2)′ =

1
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l−1/2.

dT = T ′(l)dl = 0.64114
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)
(±0.01) = ±0.00453 seconds
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3. The volume of a cubic box of sides of length x cms is increasing at the rate of 27 cc per
second when x is 3 cms. Find the rate at which the length is changing at this time. Is
it increasing or decreasing?

Soln: We have

V = x3 =⇒ dV/dt = 3x2(dx/dt) =⇒ 27 = 3(32)(dx/dt) =⇒ dx/dt = 27/27 = 1 cms/sec.

It is increasing.

4. This problem is extra credit but it is easy.

(6 points) Find the linearization (local linear approximation) of y = ex at x = 0.

(4 points) Use it to approximate e0.1 and compare with actual value.

Solution:

The derivative is f ′(x) = ex.

We have f(x) = f(0) + f ′(0)(x− 0) = e0 + e0(x) = 1 + x.

Using this formula, e0.1 = 1 + (.1) = 1.1 approximately.

Comparing with actual value, e0.1 = 1.105.

You can see that it is a good approximation.
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