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Abstract: This activity is an application of differentiation involving related rates.
Students set up equations relating the variables and then differentiate them with respect
to time to find the rate a distance is changing and an angle is changing. They use the
symbolic capacity of their calculator and calculus to understand the situation better.

NCTM Principles and Standards:

Algebra standards

a) Understand patterns, relations, and functions

b) generalize patterns using explicitly defined and recursively defined functions;

c) analyze functions of one variable by investigating rates of change, intercepts, zeros,
asymptotes, and local and global behavior;

d) use symbolic algebra to represent and explain mathematical relationships;

e) judge the meaning, utility, and reasonableness of the results of symbol
manipulations, including those carried out by technology.

f) draw reasonable conclusions about a situation being modeled.

Geometry standardsAnalyze characteristics and properties of two- and three-

dimensional geometric shapes and mathematical about geometric relationships

Problem Solving Standardbuild new mathematical knowledge through problem

solving; solve problems that arise in mathematics and in other contexts; apply and adapt a

variety of appropriate strategies to solve problems; monitor and reflect on the process of

mathematical problem solving.

Reasoning and Proof Standard

a) recognize reasoning and proof as fundamental aspects of mathematics;

b) make and investigate mathematical conjectures;

c) develop and evaluate mathematical arguments and proofs;

d) select and use various types of reasoning and methods of proof.

Representation Standard: use representations to model and interpret physical, social,

and phenomena.

Key topic: Applications of Derivative - related rates.

Degree of Difficulty: moderate
Needed Materials TI-89 calculator
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Situation: An airplane flies directly over a radar installation at 300 mph. Its altitude 8
miles and it is flying on level flight toward the station. Let’'s examine the rate at which
the distance from the airplane to the radar station is changing and the rate at which the
angle of elevation from the radar station to the plane is changing when the plane’s
horizontal distance to the radar station is 5 miles.
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Let x represent the horizontal distance from the plane to the radar station, s represent the

actual distance, arfiithe angle of elevation of the plane from the radar station as shown
in the above diagram.

We then have+ & = & and tarb = 8/x. We know thatg—)t( = -300 mph (as the plane is

flying toward the station). Both x and s are functions of t, so we must enter them in the
calculator in a way to reflect that fact:
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We can use this information to compu(dict%. We first take the derivative of x{t) & =

s(tf with respect to t and then solve that equation%and use the fact thag% =-300



Flx]| Fir TFix| Fir | FE Fi-
Tools)AT13ebra|Calc|Other|Frami0jclcan Ur

Fir] Fex [Fi=| Fi=| FE Far
Tools|A13cbralCalc|Other|Framl0jClean Uk

L Y L=nwaT

G2 + 64 = (=032
s Lt + 4 = (2007

2oty —(w(hy) = 2 204y

m 2t (k) = 2 5040

ERETEN

-308 - x(t
2ot Be(m(t) = 2 50t 60ty = 2 schy T (scn) S - )
ALy 2 EA= (e (L2, 1) | 17, L3 Tdinits, Li= 300 Sn=(137(Ze(t1)

Flx] Fzx [F3=| Fa= | FE Far
Tools|A13cbra|Calc|0ther|FramI0jcTean Ur
=

o Ly = T dt"‘ PSR

600 x(t) = 2+ 5(t) A (2(L))

HMAlH KRD AUTO FUHC 3430

HMalH RRD AUTO FUHC HAZ0

HAlW KAD ALTO FUMWC B30

station is 5 miles so x(t
WT]T]—]
Too15|A13cbra|Calc|Other |Fr3miOfClcan Ur

ERETEN]
=ZE0E - =L
o = =)
w(xctd) + 64 = (20t0)Z | i) =
g9 = (=042
LB aRtEd=Cs Ch a2 I =0
MAlN RAD ALTO FUMC [T
ds
— ~-159 mph.
dt

= 5. We can compute s(t) at that moment:
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We know

that we wish to examine the situation when the plane’s horizontal distance to the radar

and therefore
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To find m we must enter the relationship between the variables to express the fact that

both6 and x are functions of 1
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that we are interested in the situation when Xx(t)
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differentiate

. d
. We can first use the fact th%-% =-300 and
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To find cos@(t)), we go back to the equation relatihignd x: tarb = 8/x. We first
calculate the value of tafi(t)), thend(t), and then (cosB(t))*> and use those to finé:j—?:
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So our conclusion is that the plane is getting closer to the radar station at the rate of 159
mph and that the angle between the plane and the horizon is changing at the rate of
7.5748 radians/hour. Let’s use the unit menu of the calculator to change that last
measurement into degrees/minute.
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