Algebra 1 - Exponential Functions and Growth -
Lesson

Common Core F-LE.A.1, F-LE.A.2, F-LE.A.3, F-IF.C.7e, F-IF.C.8b - maths-pdf.fr/en/

An exponential function has the form f(x) = a-b”~x, where a is the starting value
and b is the constant growth or decay factor. If b > 1 it models growth, and if 0 <
b < 1 it models decay. Equal steps in x multiply y by the same factor, and
exponential growth eventually exceeds any linear growth.

Algebra 1 - Common Core State Standards: F-LE.A.1, F-LE.A.2, F-LE.A.3, F-IF.C.7e, F-
IF.C.8b

Key facts

e Exponential form: f(x) = a-b* with a the starting value and b the factor.

e Growth: b =1 +r. Decay:b=1-r.

e Linear functions add a constant; exponential functions multiply by a constant.
e Compound interest: A = P(1 + ).

e An exponential function eventually exceeds any linear function.

What is an exponential function?

Exponential function

An exponential function has the form f(z)=a-b, where a is the starting value (when =0),
b is the growth factor or decay factor, >0, and b;él . The variable is in the exponent.
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Exponential growth: y:QE passes through (0,1} and doubles at each step.

When t>=1, the function grows. When 0<b<1, it decays. The graph has a y-intercept at (0,a) and
approaches the x-axis without touching it. The domain is all real numbers and the range is
y>=0 when a>>0.
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Exponential decay: ¢ = 1[][](%) gets smaller but never reaches 0.

How do you tell linear from exponential?

Look at the table. If equal steps in & add the same amount to ¥, the function is linear. If they
multiply ¥ by the same factor, it is exponential.

X 0 1 2 3
[jneary = 4x + 3 7 11 15
xpnential y = 3; 3 6 12 24

Linear functions add the same amount; exponential functions multiply by the same factor.

How do growth and decay rates become factors?

A growth rate r gives the factor b=14r. A decay rate r gives t=1—+. A population of 20,000

growing 4% per year is modeled by P =720000(1.04)*. A car losing 15% of its value each year
has ¥ =24000(0.85)?.

How does compound interest work?

With principal P, annual rate v, and t years, the amount is A:P(l—i—r)i. For $1,500 at 6% for
8 years, 4 =1500(1.06)% a4 2390.77. Half-life problems use the factor % because the amount
halves at each period.

1. Identify the starting value a.
2. Find the factor b from the rate or the table ratio.
3. Write f(z)=a-b" and evaluate at the needed value of .

Why does exponential growth beat linear growth?

A linear function adds a fixed amount each step. An exponential function multiplies, so the
added amount keeps getting bigger. Sooner or later it passes every linear function.
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The line v = 10145 (dashed) starts higher, but y:E“T eventually grows past every line.

Tip: To choose between a linear and an exponential model, ask whether the quantity changes
by a fixed amount or by a fixed percent. A gym fee that rises $5 each month is linear. A
savings account that grows 5% each month is exponential.

Questions about exponential functions and growth

What is the difference between linear and exponential growth?

Linear growth adds the same amount each step. Exponential growth multiplies by the same
factor each step, so the amount added keeps getting larger.

How do you find the growth factor from a percent?

Add the rate to 1 for growth, so 4% growth gives 1.04. Subtract it from 1 for decay, so 15%
decay gives 0.85.

What does the number a mean in a-b™x?

It is the starting value, the output when x = 0. In y = 3:2* the graph crosses the y-axis at (0,
3).

Does an exponential graph ever touch the x-axis?

No. For a > 0 the output is always positive, and the graph gets closer to the x-axis without
touching it.

How do you solve an equation like 2™ x = 32?

Write both sides with the same base: 32 = 25, so 2* = 25 and x = 5.
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