COLLEGE ALGEBRA EXPONENTIAL FUNCTIONS STUDY GUIDE

MASTERING COLLEGE ALGEBRA: YOUR COMPREHENSIVE EXPONENTIAL FUNCTIONS STUDY GUIDE

COLLEGE ALGEBRA EXPONENTIAL FUNCTIONS STUDY GUIDE IS AN ESSENTIAL RESOURCE FOR STUDENTS NAVIGATING THE
COMPLEXITIES OF THESE POWERFUL MATHEMATICAL CONCEPTS. EXPONENTIAL FUNCTIONS ARE FUNDAMENTAL IN VARIOUS FIELDS,
FROM FINANCE AND BIOLOGY TO PHYSICS AND COMPUTER SCIENCE, MAKING A SOLID UNDERSTANDING CRUCIAL FOR ACADEMIC
SUCCESS. THIS GUIDE WILL DEMYSTIFY EXPONENTIAL FUNCTIONS, COVERING THEIR BASIC DEFINITIONS, GRAPHING TECHNIQUES,
KEY PROPERTIES, AND REAL-WORLD APPLICATIONS. W/E WILL DELVE INTO THE INTRICACIES OF EXPONENTIAL EQUATIONS,
INEQUALITIES, AND LOGARITHMS, PROVIDING CLEAR EXPLANATIONS AND PRACTICAL EXAMPLES TO SOLIDIFY YOUR LEARNING.
PREPARE TO BUILD A STRONG FOUNDATION AND GAIN CONFIDENCE IN TACKLING ALL ASPECTS OF EXPONENTIAL FUNCTIONS IN
YOUR COLLEGE ALGEBRA COURSE.
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UNDERSTANDING THE BASICS OF EXPONENTIAL FUNCTIONS

AN EXPONENTIAL FUNCTION IS A MATHEMATICAL FUNCTION OF THE FORM $F(X) = AB"X$, WHERE $A$ IS A NON-ZERO
CONSTANT, $8% IS A POSITIVE CONSTANT NOT EQUAL TO 1, AND $X$ IS THE INDEPENDENT VARIABLE. THE BASE OF THE
EXPONENTIAL FUNCTION IS THE NUMBER $B$, WHICH IS RAISED TO THE POWER OF $x$. THIS STRUCTURE DISTINGUISHES
EXPONENTIAL FUNCTIONS FROM POLYNOMIAL FUNCTIONS, WHERE THE VARIABLE $x%$ IS THE BASE. THE BEHAVIOR OF AN
EXPONENTIAL FUNCTION IS DICTATED BY THE VALUE OF ITS BASE $8%. W/HEN $8 > 1%, THE FUNCTION EXHIBITS EXPONENTIAL
GROWTH, MEANING ITS VALUES INCREASE RAPIDLY AS $x$ INCREASES. CONVERSELY, WHEN $0 < 8 < 1$, THE FUNCTION
DEMONSTRATES EXPONENTIAL DECAY, WHERE ITS VALUES DECREASE RAPIDLY AS $X$ INCREASES.

THE CONSTANT $A$ IN THE EQUATION $F(X) = AB"X$ REPRESENTS THE INITIAL VALUE OR THE Y-INTERCEPT OF THE FUNCTION.
THIS IS BECAUSE WHEN $Xx = 0%, $r(0) = AB"0 = A \cooT 1 = AS%. THEREFORE, THE GRAPH OF AN EXPONENTIAL FUNCTION
WILL ALWAYS PASS THROUGH THE POINT $(0, A)$. IT'S IMPORTANT TO NOTE THE RESTRICTIONS ON THE BASE $8%. IF $8 =
1$, THE FUNCTION BECOMES $F(X) = A(1)"X = A$, WHICH IS A CONSTANT FUNCTION, NOT AN EXPONENTIAL ONE. IF $8% IS
NEGATIVE, THE FUNCTION CAN LEAD TO COMPLEX NUMBERS FOR NON-INTEGER VALUES OF $x$, WHICH IS TYPICALLY OUTSIDE
THE SCOPE OF INTRODUCTORY COLLEGE ALGEBRA. UNDERSTANDING THESE FUNDAMENTAL COMPONENTS IS THE FIRST STEP
TOWARDS MASTERING COLLEGE ALGEBRA EXPONENTIAL FUNCTIONS.

GRAPHING EXPONENTIAL FUNCTIONS

GRAPHING EXPONENTIAL FUNCTIONS INVOLVES UNDERSTANDING THEIR CHARACTERISTIC SHAPES AND KEY POINTS. FOR A GENERAL
EXPONENTIAL FUNCTION $F(X) = ABAX$/ WE CAN IDENTIFY SOME IMPORTANT FEATURES. THE DOMAIN OF ANY EXPONENTIAL



FUNCTION IS ALL REAL NUMBERS, $(-\INFTY, \INFTY)$, BECAUSE ANY REAL NUMBER CAN BE RAISED TO AN EXPONENT. HOWEVER,
THE RANGE DEPENDS ON THE SIGN OF $A%$ AND WHETHER THE FUNCTION IS SHIFTED VERTICALLY. IF $A > 0%, THE RANGE IS
TypicaLLY $(0, \INFTY)$ (OR A SHIFTED VERSION THEREOF). IF $A < 0%, THE RANGE IS $(-\INFTY, 0)$ (OR A SHIFTED
VERSION).

TO SKETCH THE GRAPH OF AN EXPONENTIAL FUNCTION, IT'S HELPFUL TO PLOT A FEW KEY POINTS. THE Y-INTERCEPT IS ALWAYS
$(0, A)$. OTHER USEFUL POINTS CAN BE FOUND BY CHOOSING INTEGER VALUES FOR $X$, SUCH AS $x=1% AND $x=-1%. For
$x=1%, THE POINT IS $( 1, AB)$. FOR $x=-1%, THE POINT IS $(- 1, A/B)$. AS $X$ APPROACHES POSITIVE INFINITY, IF $8 >
1%, $F(x)$ APPROACHES INFINITY (GROWTH), AND IF $0 < B < 1%, $r(x)$ APPROACHES 0. AS $X$ APPROACHES NEGATIVE
INFINITY, IF $8 > 1%, $F(x)$ APPROACHES O, AND IF $0 < B < 1%, $F(X)$ APPROACHES INFINITY. THIS ASYMPTOTIC
BEHAVIOR, WHERE THE GRAPH APPROACHES A LINE (USUALLY THE X-AXIS) BUT NEVER TOUCHES IT, IS A DEFINING
CHARACTERISTIC OF EXPONENTIAL FUNCTIONS. TRANSFORMATIONS LIKE VERTICAL SHIFTS (ADDING A CONSTANT $k$ TO THE
FUNCTION, $F(X) = AB"X + k$) OR HORIZONTAL SHIFTS (REPLACING $X$ WITH $x-H$, $F(x) = AB"{X-H}$) WILL ALTER THE
POSITION OF THE GRAPH AND ITS ASYMPTOTE. THE HORIZONTAL ASYMPTOTE FOR $F(X) = AB"X + k$ IS $v = k$.

PROPERTIES OF EXPONENTIAL FUNCTIONS

EXPONENTIAL FUNCTIONS POSSESS SEVERAL IMPORTANT PROPERTIES THAT SIMPLIFY CALCULATIONS AND AID IN SOLVING
EQUATIONS. THESE PROPERTIES ARE DERIVED FROM THE RULES OF EXPONENTS. ONE OF THE MOST FUNDAMENTAL IS THE PRODUCT
RULE: $8"M \CDOT BN = BA{M+N}$. THIS MEANS WHEN MULTIPLYING EXPONENTIAL TERMS WITH THE SAME BASE, YOU ADD
THEIR EXPONENTS. SIMILARLY, THE QUOTIENT RULE STATES THAT $8"M / BN = BA{M‘N}$, ALLOWING YOU TO SUBTRACT
EXPONENTS WHEN DIVIDING. THE POWER RULE IS ALSO CRUCIAL: $(BAM)AN = BA{MN}$. THIS PROPERTY INDICATES THAT WHEN
RAISING A POWER TO ANOTHER POWER, YOU MULTIPLY THE EXPONENTS.

OTHER KEY PROPERTIES INCLUDE $8"0 = 1% (FOR ANY NON-ZERO BASE $8%), $8"{-N} = 1/8"N$, AND $(AB)"N = A”N B"N$.
THESE PROPERTIES ARE VITAL FOR SIMPLIFYING EXPRESSIONS AND SOLVING EXPONENTIAL EQUATIONS. FOR EXAMPLE, TO
SIMPLIFY $(273)"4$, YOU WOULD MULTIPLY THE EXPONENTS TO GET $27°{12}$. To siMpLIFY $x"5 \cpoT x* 3%, you
WOULD ADD THE EXPONENTS TO GET $x"8%. MASTERING THESE PROPERTIES IS A CORNERSTONE OF EFFECTIVE STUDY FOR
COLLEGE ALGEBRA EXPONENTIAL FUNCTIONS.

EXPONENTIAL EQUATIONS AND INEQUALITIES

SOLVING EXPONENTIAL EQUATIONS AND INEQUALITIES OFTEN RELIES ON MAKING THE BASES ON BOTH SIDES OF THE EQUATION OR
INEQUALITY THE SAME. [F YOU HAVE AN EQUATION OF THE FORM $8”"X = B"Y$, THEN IT MUST BE TRUE THAT $X = Y$,
PROVIDED $8 > 0% AND $8 \NEQ 1$. THIS PRINCIPLE ALLOWS US TO EQUATE THE EXPONENTS AND SOLVE FOR THE VARIABLE.
FOR INSTANCE, TO SOLVE $2°{x+1} = 8%, YOU WOULD FIRST REWRITE 8 AS $2"3%. THEN, THE EQUATION BECOMES
$2"{x+1} = 2"3%, ALLOWING YOU TO SET $x+1 = 3%, WHICH YIELDS $x=28%.

\W/HEN THE BASES CANNOT BE EASILY MADE THE SAME, LOGARITHMS ARE INDISPENSABLE. T AKING THE LOGARITHM OF BOTH SIDES
OF AN EXPONENTIAL EQUATION ALLOWS US TO BRING THE EXPONENT DOWN AS A MULTIPLIER. FOR EXAMPLE, TO SOLVE $3"X
= 10$, WE CAN TAKE THE LOGARITHM BASE 10 (OR ANY BASE) OF BOTH SIDES: $\L0G(3"%) = \Loa(10)$. UsiNG THE
LOGARITHM PROPERTY $\LoG(8"P) = P \LoG(8)$, THIS BECOMES $x \LOG(3) = \LoG(10)$. SOLVING FOR $x$ GIVES $X =
\LoG(10) / \Loa(3)$. SOLVING EXPONENTIAL INEQUALITIES FOLLOWS SIMILAR LOGIC, BUT WE MUST BE MINDFUL OF THE
DIRECTION OF THE INEQUALITY SIGN WHEN TAKING LOGARITHMS, ESPECIALLY IF THE BASE OF THE LOGARITHM IS BETWEEN O AND
1.

THE NATURAL EXPONENTIAL FUNCTION AND E

THE NATURAL EXPONENTIAL FUNCTION IS A SPECIAL CASE OF THE GENERAL EXPONENTIAL FUNCTION WHERE THE BASE IS THE
MATHEMATICAL CONSTANT $E$. THE NUMBER $E$, APPROXIMATELY EQUAL TO 2.7 1828, IS AN IRRATIONAL NUMBER THAT
ARISES NATURALLY IN MANY AREAS OF MATHEMATICS, PARTICULARLY IN CALCULUS AND COMPOUND INTEREST CALCULATIONS.



THE NATURAL EXPONENTIAL FUNCTION IS WRITTEN AS $F(X) = £"x$. THIS FUNCTION IS FUNDAMENTAL TO CONTINUOUS
GROWTH AND DECAY MODELS.

THE PROPERTIES OF $F(X) = E"X$ ARE THE SAME AS ANY OTHER EXPONENTIAL FUNCTION WITH A BASE GREATER THAN 1. 1TS
GRAPH PASSES THROUGH $(0, 1)$ AND EXHIBITS RAPID GROWTH AS $X$ INCREASES AND APPROACHES O AS $X$ DECREASES.
THE CONSTANT $E$ 1S DEFINED AS THE LIMIT oF $(1 + 1/N)"'N$ AS $N$ APPROACHES INFINITY. UNDERSTANDING THE
SIGNIFICANCE OF $E$ IS CRUCIAL FOR ADVANCED TOPICS IN COLLEGE ALGEBRA AND BEYOND, ESPECIALLY WHEN DEALING WITH
CONTINUOUS RATES OF CHANGE.

LOGARITHMS AND THEIR RELATIONSHIP TO EXPONENTIAL FUNCTIONS

LOGARITHMS ARE THE INVERSE OPERATIONS OF EXPONENTIAL FUNCTIONS. IF $8™Y = x$, THEN $\LoG_B(x) = Y$. THIS MEANS
THE LOGARITHM OF $X$ TO THE BASE $8% IS THE EXPONENT TO WHICH $8$ MUST BE RAISED TO PRODUCE $X$. THIS INVERSE
RELATIONSHIP IS KEY TO SOLVING MANY EXPONENTIAL AND LOGARITHMIC EQUATIONS. FOR EXAMPLE, IF $273 = 8%, THEN
$\LoG_2(8) = 33.

THERE ARE TWO COMMON BASES FOR LOGARITHMS: BASE 10, DENOTED AS $\LoG(x)$ (COMMON LOGARITHM), AND BASE $E$,
DENOTED AS $\LN(X)$ (NATURAL LOGARITHM). THE PROPERTIES OF LOGARITHMS MIRROR THE PROPERTIES OF EXPONENTS:

ProbucT RULE: $\LoG_B(MN) = \LoG_8(M) + \Loc_B(N)$

QuoTienT RuLE: $\LoG_B(M/N) = \Loc_B(M) - \Loc_B(N)$

Power RULE: $\LoG_B(M"P) =P \LoG_B(M)$

CHANGE OF Base FormuLA: $\LoG_B(M) = \Loc_c(M) / \Loc_c(e)$

THESE PROPERTIES ARE ESSENTIAL FOR MANIPULATING LOGARITHMIC EXPRESSIONS AND SOLVING EQUATIONS INVOLVING
LOGARITHMS, WHICH ARE OFTEN INTERTWINED WITH EXPONENTIAL FUNCTIONS IN COLLEGE ALGEBRA.

APPLICATIONS OF EXPONENTIAL FUNCTIONS

EXPONENTIAL FUNCTIONS ARE NOT MERELY THEORETICAL CONSTRUCTS; THEY HAVE WIDESPREAD PRACTICAL APPLICATIONS
THAT DEMONSTRATE THEIR IMPORTANCE IN THE REAL WORLD. ONE OF THE MOST COMMON APPLICATIONS IS IN FINANCE,
PARTICULARLY IN CALCULATING COMPOUND INTEREST. THE FORMULA FOR COMPOUND INTEREST, $A = P(1 + r/N) {NT]$,
WHERE $P$ IS THE PRINCIPAL AMOUNT, $R$ IS THE ANNUAL INTEREST RATE, $N$ IS THE NUMBER OF TIMES THAT INTEREST IS
COMPOUNDED PER YEAR, AND $T$ IS THE NUMBER OF YEARS, IS AN EXPONENTIAL FUNCTION. CONTINUOUS COMPOUNDING,
MODELED BY $A = Pe"{RT}$, UTILIZES THE NATURAL EXPONENTIAL FUNCTION.

Bevonp FINANCE, EXPONENTIAL FUNCTIONS ARE USED TO MODEL POPULATION GROWTH AND DECAY IN BIOLOGY. For INSTANCE,
BACTERIAL CULTURES OFTEN EXHIBIT EXPONENTIAL GROW TH UNDER IDEAL CONDITIONS, AND RADIOACTIVE SUBSTANCES DECAY
EXPONENTIALLY OVER TIME. OTHER APPLICATIONS INCLUDE:

® MODELING THE SPREAD OF DISEASES
e CALCULATING THE DEPRECIATION OF ASSETS
® UNDERSTANDING SEISMIC ACTIVITY

e ANALYZING COOLING AND HEATING PROCESSES

MODELING THE NUMBER OF OPERATIONS IN COMPUTER ALGORITHMS



A STRONG GRASP OF COLLEGE ALGEBRA EXPONENTIAL FUNCTIONS WILL EQUIP YOU TO UNDERSTAND AND WORK WITH THESE
DIVERSE REAL-\WORLD SCENARIOS.

Q: WHAT IS THE MOST COMMON MISTAKE STUDENTS MAKE WHEN LEARNING ABOUT
EXPONENTIAL FUNCTIONS?

A: A VERY COMMON MISTAKE IS CONFUSING EXPONENTIAL FUNCTIONS OF THE FORM $F(X) = AB"X$ WITH POWER FUNCTIONS OF
THE FORM $F(X> = AXAB$, WHERE THE VARIABLE IS IN THE EXPONENT VERSUS WHERE THE VARIABLE IS THE BASE. STUDENTS
MAY ALSO STRUGGLE WITH CORRECTLY APPLYING THE PROPERTIES OF EXPONENTS AND LOGARITHMS WHEN SOLVING EQUATIONS.

QZ How DOES THE BASE OF AN EXPONENTIAL FUNCTION AFFECT ITS GRAPH?

A: THE BASE OF AN EXPONENTIAL FUNCTION, $8% IN $F(X) = AB"X$, SIGNIFICANTLY IMPACTS ITS GRAPH. IF $8 > 1%, THE
FUNCTION INCREASES AS $X$ INCREASES, EXHIBITING EXPONENTIAL GROWTH. [F $0 < B < 1%, THE FUNCTION DECREASES AS $x$
INCREASES, EXHIBITING EXPONENTIAL DECAY. THE LARGER THE BASE (WHEN $8 > 1$), THE FASTER THE GROWTH.

Q: WHAT IS THE ROLE OF THE CONSTANT ‘A’ IN AN EXPONENTIAL FUNCTION $F(x) =
A
AB"X$?

A: THE CONSTANT $A$ IN THE EXPONENTIAL FUNCTION $F(X) = AB"X$ REPRESENTS THE INITIAL VALUE OR THE Y-INTERCEPT OF
THE FUNCTION. WHEN $x = 0%, $F(0) = AB"0 = A \cDOT 1 = A$, SO THE GRAPH ALWAYS PASSES THROUGH THE POINT $(0
A)$.

1

Q: \WHEN ARE LOGARITHMS NECESSARY FOR SOLVING EXPONENTIAL EQUATIONS?

A: LOGARITHMS ARE NECESSARY WHEN YOU CANNOT EASILY MAKE THE BASES ON BOTH SIDES OF AN EXPONENTIAL EQUATION
THE SAME. BY TAKING THE LOGARITHM OF BOTH SIDES, YOU CAN USE THE POWER RULE OF LOGARITHMS TO BRING THE EXPONENT
DOWN AS A COEFFICIENT, SIMPLIFYING THE EQUATION INTO A FORM THAT IS EASIER TO SOLVE FOR THE VARIABLE.

Q: WHAT IS THE DIFFERENCE BETWEEN A COMMON LOGARITHM AND A NATURAL
LOGARITHM?

A: THE PRIMARY DIFFERENCE LIES IN THEIR BASES. A COMMON LOGARITHM HAS A BASE OF 10, DENOTED AS $\LoG(x)$. A
NATURAL LOGARITHM HAS A BASE OF $£$ (APPROXIMATELY 2.7 1828), DENOTED AS $\LN(X)$. BOTH ARE INVERSE
OPERATIONS OF THEIR RESPECTIVE EXPONENTIAL FUNCTIONS.

QI CAN EXPONENTIAL FUNCTIONS BE USED TO MODEL NEGATIVE GROW TH?

A: YES, EXPONENTIAL FUNCTIONS CAN MODEL NEGATIVE GROWTH OR DECAY. THIS OCCURS WHEN THE BASE $B% OF THE
EXPONENTIAL FUNCTION $F(x) = AB"x$ 1S BETWEEN O AND 1 (1.E., $0 < B8 < 1$). IN SUCH CASES, THE FUNCTION'S VALUE
DECREASES AS $X$ INCREASES.
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