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Algebra and Trigonometry Functions Applications Answers: A Complete
Guide

Mathematics is more than a set of abstract symbols and rules; it is a language that describes patterns,
relationships, and the very fabric of our world. When we combine algebraic equations with trigonometric functions,
we unlock powerful tools that can solve practical problems ranging from engineering design to financial forecasting.
In this article we’ll explore the most common applications of algebra and trigonometry, walk through real world
examples, and provide clear, step by step answers that you can use as a reference for future projects.

Why Algebra Meets Trigonometry?

Algebra provides the framework for manipulating variables, solving for unknowns, and constructing general
relationships. Trigonometry, on the other hand, deals with angles, lengths, and the ratios that connect them. When
these two branches intersect, we can model complex systems—such as oscillations, rotations, and waveforms—
using algebraic expressions that incorporate trigopnometric functions.

Consider the simple equation y = A sin(Bx + C) + D. Each parameter—amplitude (A), frequency (B), phase shift
(C), and vertical shift (D)—can be tuned to fit real data. Solving for these parameters involves algebraic
manipulation and trigonometric identities. The result is a function that can predict future behavior, optimize design,
or explain natural phenomena.

Common Algebraic Trigonometric Applications

1. Signal Processing — Fourier series and transforms rely on sums of sine and cosine terms to represent
arbitrary signals.

2. Engineering and Physics — Calculating forces in rotating machinery, analyzing wave propagation, and
determining resonant frequencies.

3. Architecture and Construction — Designing arches, domes, and trusses that follow circular or elliptical paths.

4. Navigation and Geodesy — Using spherical trigonometry to compute distances and bearings on the Earth’s
surface.

5. Economics and Finance — Modeling cyclical trends and seasonal variations with sinusoidal functions.

Below we dive deeper into each category, providing concrete examples and detailed solutions.

Signal Processing: Fourier Series in Action

Suppose an electrical engineer needs to analyze a periodic voltage signal measured over a 1 second interval. The
data points are irregular, but the engineer suspects the underlying waveform is a sum of two sine waves. The goal
is to find the amplitudes and frequencies that best fit the data.

The general form of a Fourier series for a period of 1 second is:
V(t) = a0 + :2 T &4 6-2f#Ant) + bn sin(2< ¢B+D
For simplicity, let's assume only the first two harmonics are significant. The engineer writes:

V() "H a0 + al cos(2< B’ 2# 6-af#At) + a2 cos(4< B2 #" 6-af CAY)



Using least squares regression or Fourier analysis software, the engineer obtains the following coefficients:

*«a0=05V
ceal=12V
e bl=-08V
* a2=0.3V
e b2=0.1V

Thus, the reconstructed signal is:
V() = 0.5+ 1.2 cos(2< B’ O &, 6-af#At) + 0.3 cos(4<B’2 & 6-afCAt)

From these coefficients, the engineer can calculate the total power, identify dominant frequencies, and design
filters to isolate or suppress specific components.

Engineering: Rotational Dynamics and Torque Calculation

Consider a rotating turbine blade that must withstand a centrifugal force while maintaining structural integrity. The
blade is modeled as a uniform rod of length L = 5 /m and mass m = 200 /kg, rotating at an angular velocity <’ O + ad/s.

We want to find the radial force at the blade’s tip. The centrifugal force is given by:

F=m*<"¢

Since r =L =5 /m, we compute:

F =200 kg * (10 rad/s)2* 5 m = 200 * 100 * 5 = 100,000 N

Now, the torque <B &5GV6VB Y this force about the rotation axis is:

<BOb¢"O A a¢ROOSA &vwb

Using these results, the engineer can select materials and design the blade’s cross section to withstand the

calculated torque.

Architecture: Designing an Arch with a Sine Curve

In a modern plaza, an architect proposes a pedestrian arch shaped by the sine function to create a dynamic visual
effect. The arch’s height y is defined by:

y(x) = Asin(<, 0 Ae

where L = 20 /m is the horizontal span and A = 4 /m is the maximum height.

To ensure safety, the arch must support a uniform load q = 10 /kN/m. The bending moment at the center is:
M=(q*L?)/8

Plugging in the values:

M = (10 kN/m * 202) / 8 = (10 * 400) / 8 = 4000 / 8 = 500 kN-m

The structural engineer then chooses a concrete section with sufficient moment capacity. The sine shaped profile
not only provides aesthetic appeal but also distributes load efficiently.

Geodesy: Great Circle Distance on Earth

Suppose we want to find the shortest path between New York City (lat /= /40.7128° /N, lon /= /-74.0060° /W) and London
(lat /= /51.5074° /N, lon /=/-0.1278° /W). We use the haversine formula, which involves trigonometric functions:



a = sin?(9CA/2) + cos <c ¢ 6+2 A2 * sin?(9C»/2)

c=2*atan2("a, " (1" a))

d=R*c

Where <c A /2 are latitudes in radians, 9C/E = <c"#/E1, 9C» = ;3"I#»1, and R = 6371 /km.
Converting degrees to radians:

«<c O & b ad, <c"O &af“f’ ad
e 9CA =0.1883 rad
e 9C» =0.0132 rad

Compute a:

a = sin%(0.09415) + c0s(0.7106) * cos(0.8989) * sin2(0.0066)
After evaluating the trigonometric terms:

a"H 0.00177

Then c:

¢ =2 *atan2(" 0.00177, " 0.99823) "H 0.0842 rad

Finally, the distance d:

d=6371 km *0.0842 "H 536 km

Thus, the great circle distance between NYC and London is approximately 536 km, confirming the accuracy of the
trigonometric method.

Economics: Modeling Seasonal Sales with a Sine Function

A retail company wants to predict monthly sales for the next year. Historical data shows a clear seasonal pattern.
The company fits a model:

S(t)=a+bsin(2<B6"22e

where S(t) is sales in thousands of dollars, t is month number, a is the average sales, b is the amplitude, and c is
the phase shift.

Using regression analysis, the company finds:

e a=120/k
e b=30/k
e Cc=-<0

So the forecast for month 7 (July) is:

S(7) = 120 + 30 sin(2< £r6 " O A/6)

Compute the argument:

;, O f#A*7/12) - < 6b O fsA/6) - < 6b O cA/6 = <

Since sin(<’ O A pe get:



S(7) =120+ 30 * 0 = 120 /k
Thus, the model predicts July sales of $120,000. The company can use this insight to adjust inventory, staffing, and

marketing spend.

Step by Step Problem Solving: Algebraic Trigonometric Example
Problem: A right triangle has a hypotenuse of 10 /cm. The angle opposite the side of length x is 30°. Find x.

Solution:

1. Use the sine function: sin(30°) = opposite / hypotenuse = x / 10.
2. Since sin(30°) = 0.5, we have 0.5 = x/ 10.
3. Multiply both sides by 10: x =5 /cm.

Answer: The side opposite the 30° angle is 5 /cm long.

Advanced Topics: Solving Differential Equations with Trigonometric Functions

Consider the simple harmonic oscillator described by the differential equation:

d2x/de2 + <", O

The general solution is:

X(t) = C1 cos(<—B’ 2 3" 6-af Et)

Boundary conditions determine constants C1 and C2. Suppose x(0) = 2 /m and dx/dt(0) = 0. Then:
1. Att=0:x(0)=Cl=2.
2. Derivative: dx/dt = -C1 <’ 6-4fEt) + C2 <’ 6+2fEt). Att=0:dx/dt(0)=C2<' O "3"0 a

Thus, the solution is x(t) = 2 cos(<—B’a This model is fundamental in physics, describing pendulums, springs, and
electrical circuits.

Common Mistakes and How to Avoid Them

e Forgetting Units — Always keep track of units. In trigonometric equations, angles must be in radians when
using calculus.
e Misapplying Identities — Double check that you're using the correct identity (e.g., sin?;, 2 6+;#, = 1).
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