WHAT IS DNE IN MATH

WHAT IS DNE IN MATH, OF TEN ENCOUNTERED IN CALCULUS AND HIGHER MATHEMATICS, IS A SHORTHAND FOR “DOES NOT EXIST.”
THIS SEEMINGLY SIMPLE NOTATION SIGNIFIES A PROFOUND CONCEPT: THE ABSENCE OF A DEFINITIVE NUMERICAL VALUE OR A
SPECIFIC BEHAVIOR AT A PARTICULAR POINT OR UNDER CERTAIN CONDITIONS. UNDERSTANDING DNE IS CRUCIAL FOR
COMPREHENDING THE NUANCES OF LIMITS, CONTINUITY, AND THE BEHAVIOR OF FUNCTIONS. |T'S NOT A FAILURE OF MATHEMATICS,
BUT RATHER A PRECISE WAY OF DESCRIBING SITUATIONS WHERE A STANDARD RESULT ISN'T ATTAINABLE. THIS ARTICLE WILL
DELVE INTO THE VARIOUS CONTEXTS WHERE YOU MIGHT SEE DNE, FROM BASIC ARITHMETIC TO THE INTRICACIES OF CALCULUS,
AND EXPLAIN WHY IT'S AN ESSENTIAL CONCEPT FOR ANY ASPIRING MATHEMATICIAN OR SCIENTIST.
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WHAT IS DNE IN MATH?

THE ABBREVIATION DNE IN MATHEMATICS STANDS FOR “DOES NOT EXIST.” IT'S A CONCISE WAY FOR MATHEMATICIANS TO
STATE THAT A PARTICULAR VALUE, LIMIT, OR PROPERTY IS NOT DEFINED OR CANNOT BE DETERMINED UNDER THE GIVEN
CIRCUMSTANCES. YOU'LL MOST FREQUENTLY ENCOUNTER DNE WHEN DEALING WITH LIMITS OF FUNCTIONS, BUT ITS
IMPLICATIONS CAN EXTEND TO OTHER AREAS OF MATHEMATICS. THINK OF IT AS A MATHEMATICAL “OUT OF BOUNDS” SIGNAL,
INDICATING THAT A CALCULATION OR AN EXPECTED OUTCOME SIMPLY ISN'T POSSIBLE WITHIN THE FRAMEWORK OF STANDARD
MATHEMATICAL OPERATIONS AND DEFINITIONS.

WHEN WE SAY SOMETHING “DOES NOT EXIST" IN MATHEMATICS, WE AREN'T IMPLYING A FLAW IN THE MATHEMATICAL SYSTEM
ITSELF. |NSTEAD, WE'RE PRECISELY DESCRIBING A SITUATION WHERE A SPECIFIC MATHEMATICAL OBJECT, LIKE A NUMERICAL VALUE
FOR A LIMIT OR THE SOLUTION TO AN EQUATION, FAILS TO MEET THE CRITERIA FOR EXISTENCE. THIS IS A FUNDAMENTAL
CONCEPT, AND GRASPING IT IS KEY TO TRULY UNDERSTANDING THE BEHAVIOR OF FUNCTIONS AND THE PROPERTIES OF
MATHEMATICAL EXPRESSIONS. |T'S ABOUT ACKNOWLEDGING THE BOUNDARIES AND LIMITATIONS THAT CAN ARISE, EVEN IN THE
ABSTRACT WORLD OF NUMBERS.

THe MeaNING oF DNE IN DIFFereNT MATHEMATICAL CONTEXTS

THE CONCEPT OF DNE, OrR “DOES NOT EXIST,” CAN MANIFEST IN VARIOUS WAYS DEPENDING ON THE MATHEMATICAL FIELD.
\W/HILE THE CORE MEANING REMAINS THE SAME — AN ABSENCE OF A DEFINED OUTCOME — THE REASONS FOR THIS ABSENCE CAN
DIFFER SIGNIFICANTLY. UNDERSTANDING THESE SPECIFIC CONTEXTS IS VITAL FOR ACCURATE INTERPRETATION AND PROBLEM-
SOLVING. |T’S NOT A ONE-SIZE-FITS-ALL SCENARIO; THE “WHY" BEHIND DNE IS JUST AS IMPORTANT AS THE “WHAT.”

For INSTANCE, IN ALGEBRA, A QUADRATIC EQUATION MIGHT HAVE NO REAL SOLUTIONS, MEANING THE ROOTS DO NOT EXIST
WITHIN THE SET OF REAL NUMBERS, BUT THEY MIGHT EXIST IN THE COMPLEX NUMBERS. IN CALCULUS, A LIMIT MIGHT NOT EXIST
BECAUSE A FUNCTION APPROACHES DIFFERENT VALUES FROM DIFFERENT DIRECTIONS, OR BECAUSE IT GROWS INFINITELY LARGE.
THIS ADAPTABILITY OF THE “DOES NOT EXIST” PRINCIPLE MAKES IT A VERSATILE TOOL FOR DESCRIBING COMPLEX
MATHEMATICAL BEHAVIORS.



DNE iNn LiMiTS

THE MOST COMMON PLACE YOU'LL SEE DNE IS WHEN EVALUATING LIMITS IN CALCULUS. A LIMIT DESCRIBES THE VALUE A
FUNCTION APPROACHES AS ITS INPUT APPROACHES A CERTAIN VALUE. [F A FUNCTION DOESN'T APPROACH A SINGLE, FINITE
VALUE, OR IF IT BEHAVES ERRATICALLY NEAR A POINT, ITS LIMIT AT THAT POINT DOES NOT EXIST. THIS CAN HAPPEN FOR A FEW
KEY REASONS.

ONE PRIMARY REASON FOR A LIMIT TO DNE IS WHEN THE FUNCTION APPROACHES DIFFERENT VALUES AS THE INPUT APPROACHES
FROM THE LEFT SIDE (FROM SMALLER NUMBEES) VERSUS THE RIGHT SIDE (FROM LARGER NUMBEES). IN SUCH CASES, THERE ISN'T A
SINGLE, UNIFIED VALUE THE FUNCTION IS “AIMING” FOR. IMAGINE DRIVING TOWARDS A TOWN FROM TWO DIFFERENT HIGHWAYS,
AND EACH HIGHWAY LEADS YOU TO A DIFFERENT PART OF THE TOWN. YOU HAVEN'T ARRIVED AT THE TOWN IN A SINGULAR
SENSE.

ANOTHER SCENARIO WHERE A LIMIT DNE IS WHEN THE FUNCTION'S VALUES INCREASE OR DECREASE WITHOUT BOUND AS THE
INPUT APPROACHES A CERTAIN VALUE. THIS IS OFTEN REFERRED TO AS APPROACHING INFINITY OR NEGATIVE INFINITY. WHILE WE
USE SYMBOLS LIKE ] AND -[}] , THESE ARE NOT ACTUAL NUMBERS, AND THEREFORE, THE LIMIT, IN THE SENSE OF A SPECIFIC
NUMERICAL VALUE, DOES NOT EXIST. THINK OF A BOTTOMLESS PIT; YOU CAN KEEP GOING DOWN FOREVER, BUT YOU NEVER
REACH A "BOTTOM” NUMBER.

L4 JUMP DISCONTINUITIES: THE FUNCTION VALUE ABRUPTLY CHANGES AT A POINT, LEADING TO DIFFERENT LEFT-HAND AND
RIGHT-HAND LIMITS.

e OSCILLATING FUNCTIONS: THE FUNCTION VALUE RAPIDLY BOUNCES BACK AND FORTH BETWEEN TWO OR MORE VALUES,
NEVER SETTLING ON ONE AS THE INPUT APPROACHES A POINT.

e VERTICAL ASYMPTOTES: THE FUNCTION'S VALUE GROWS INFINITELY LARGE (POSITIVE OR NEGATIVE) AS THE INPUT
APPROACHES A SPECIFIC VALUE, INDICATING UNBOUNDED BEHAVIOR.

DNE IN FUNCTIONS

Bevonp LIMITS, THE CONCEPT OF DNE CAN ALSO APPLY TO THE EXISTENCE OF FUNCTION VALUES THEMSELVES AT SPECIFIC
POINTS, OR EVEN THE EXISTENCE OF CERTAIN MATHEMATICAL OPERATIONS INVOLVING FUNCTIONS. A FUNCTION IS ESSENTIALLY
A RULE THAT ASSIGNS A UNIQUE OUTPUT TO EACH INPUT. IF THERE'S NO RULE DEFINED FOR A PARTICULAR INPUT, OR IF AN
OPERATION LEADS TO AN UNDEFINED STATE, THEN THE RESULT DNE.

For INSTANCE, CONSIDER THE FUNCTION F(X) = -|/X AT X = O, THIS FUNCTION IS UNDEFINED. DIVISION BY ZERO IS AN
OPERATION THAT IS NOT ALLOWED IN STANDARD ARITHMETIC, SO F(O) DNE. THIS IS A STRAIGHTFORWARD CASE OF AN INPUT
FOR WHICH THE FUNCTION'S RULE CANNOT PRODUCE A VALID OUTPUT. IT'S LIKE ASKING A VENDING MACHINE FOR AN ITEM IT
DOESN'T STOCK; IT SIMPLY CAN'T GIVE YOU ANYTHING.

SIMILARLY, IF YOU'RE DEALING WITH INVERSE FUNCTIONS, THERE MIGHT BE INPUTS FOR WHICH THE INVERSE FUNCTION IS NOT
DEFINED. THIS OFTEN RELATES BACK TO THE ORIGINAL FUNCTION NOT BEING ONE-TO-ONE OVER ITS ENTIRE DOMAIN, MEANING
MULTIPLE INPUTS MAPPED TO THE SAME OUTPUT. THE INVERSE FUNCTION, TRYING TO REVERSE THIS, WOULD FACE AMBIGUITY,
LEADING TO A DNE SCENARIO FOR CERTAIN OUTPUTS.

o DivISION BY ZERO: ExPRESSIONS LIKE 1/0 ARE UNDEFINED AND THUS THE RESULT DNE.

¢ SQUARE RooTs oF NEGATIVE NUMBERS (IN REAL NUMBERS): THE SQUARE ROOT OF A NEGATIVE NUMBER, SUCH AS
SQRT(-4), DOES NOT HAVE A REAL NUMBER SOLUTION AND THUS DNE WITHIN THE REAL NUMBER SYSTEM.



* DOMAIN RESTRICTIONS: FUNCTIONS MIGHT HAVE INHERENT LIMITATIONS ON THEIR INPUT VALUES (THEIR DOMAIN). ANY
ATTEMPT TO EVALUATE THE FUNCTION OUTSIDE THIS DOMAIN WILL RESULT IN DNE.

DNE IN SERIES AND SEQUENCES

IN THE STUDY OF SEQUENCES AND SERIES, THE CONCEPT OF DNE IS CRUCIAL WHEN DETERMINING CONVERGENCE. A SEQUENCE IS
AN ORDERED LIST OF NUMBERS, AND A SERIES IS THE SUM OF THE TERMS IN A SEQUENCE. For BOTH, WE ARE OFTEN INTERESTED IN
THEIR BEHAVIOR AS WE CONSIDER AN INFINITE NUMBER OF TERMS.

IF A SEQUENCE DOES NOT APPROACH A SPECIFIC FINITE VALUE AS THE NUMBER OF TERMS GOES TO INFINITY, WE SAY THE LIMIT
OF THE SEQUENCE DNE. THIS IS SIMILAR TO LIMITS OF FUNCTIONS, WHERE OSCILLATIONS OR UNBOUNDED GROWTH CAN PREVENT
CONVERGENCE. FOR EXAMPLE, THE SEQUENCE 1,-1, 1,-1, ... OSCILLATES AND DOES NOT SETTLE ON A SINGLE VALUE, SO ITS
LiMT DNE.

FOR SERIES, IF THE SEQUENCE OF PARTIAL SUMS (THE RUNNING TOTAL OF THE SERIES’ TERMS) DOES NOT CONVERGE TO A FINITE
VALUE, THEN THE SERIES ITSELF DIVERGES, AND WE CAN SAY ITS SUM DNE. THIS CAN HAPPEN IF THE INDIVIDUAL TERMS OF THE
SERIES DON'T APPROACH ZERO, OR EVEN IF THEY DO, BUT NOT FAST ENOUGH TO ENSURE THE SUM REMAINS BOUNDED. T HE
HARMONIC SERIES (1 + 1/2 + 1/3 + 1/4 + ..) IS A CLASSIC EXAMPLE WHERE THE TERMS APPROACH ZERO, BUT THE SUM STILL
GROWS INFINITELY LARGE, MEANING ITS SUM DNE.

WHY IS IT IMPORTANT TO UNDERSTAND DNE?

UNDERSTANDING DNE IS NOT JUST ABOUT MEMORIZING A DEFINITION; IT'S ABOUT DEVELOPING A DEEPER, MORE NUANCED
APPRECIATION FOR HOW MATHEMATICAL SYSTEMS WORK. |T PREVENTS US FROM MAKING ASSUMPTIONS THAT MIGHT LEAD TO
INCORRECT CONCLUSIONS. W/HEN A MATHEMATICAL EXPRESSION OR OPERATION RESULTS IN DNE, IT'S A SIGNAL TO INVESTIGATE
FURTHER, TO UNDERSTAND THE UNDERLYING REASONS FOR THIS ABSENCE OF A DEFINITIVE RESULT.

IN CALCULUS, FOR INSTANCE, RECOGNIZING WHEN A LIMIT DNE IS FUNDAMENTAL TO UNDERSTANDING CONTINUITY. A FUNCTION IS
CONTINUOUS AT A POINT ONLY IF ITS LIMIT AT THAT POINT EXISTS, THE FUNCTION IS DEFINED AT THAT POINT, AND THE LIMIT
EQUALS THE FUNCTION'S VALUE. |F THE LIMIT DNE, THEN CONTINUITY IS IMPOSSIBLE AT THAT POINT, WHICH HAS SIGNIFICANT
IMPLICATIONS FOR GRAPHING AND ANALYZING FUNCTION BEHAVIOR.

FURTHERMORE, GRAPPLING WITH DNE SCENARIOS SHARPENS CRITICAL THINKING SKILLS. |T ENCOURAGES US TO THINK ABOUT
EDGE CASES, EXCEPTIONS, AND THE BOUNDARIES OF OUR MATHEMATICAL TOOLS. THIS RIGOROUS APPROACH IS INVALUABLE
NOT ONLY IN ACADEMIC SETTINGS BUT ALSO IN ANY FIELD THAT RELIES ON LOGICAL REASONING AND PRECISE ANALYSIS, SUCH AS
COMPUTER SCIENCE, ENGINEERING, AND ECONOMICS.

\WHeN Does DNE ARrIse?

THE APPEARANCE OF “DNE” IN MATHEMATICAL WORK IS TYPICALLY A CONSEQUENCE OF SPECIFIC MATHEMATICAL CONDITIONS
THAT PREVENT A WELL-DEFINED OUTCOME. THESE CONDITIONS OFTEN FALL INTO CATEGORIES RELATED TO UNDEFINED
OPERATIONS, UNBOUNDED BEHAVIOR, OR INCONSISTENCY IN APPROACH.

CONSIDER THE REALM OF DIVISION. AS MENTIONED, DIVISION BY ZERO IS A FUNDAMENTAL MATHEMATICAL PROHIBITION. ANY
EXPRESSION THAT LEADS TO DIVISION BY ZERO AT A CRITICAL POINT WILL RESULT IN A DNE. THIS IS AN INHERENT RULE
VIOLATION THAT THE SYSTEM CANNOT RESOLVE. SIMILARLY, WHEN DEALING WITH REAL NUMBERS, ATTEMPTING TO FIND THE
SQUARE ROOT OF A NEGATIVE NUMBER LEADS TO A DNE WITHIN THAT NUMBER SYSTEM BECAUSE NO REAL NUMBER, WHEN



SQUARED, YIELDS A NEGATIVE RESULT.

IN THE CONTEXT OF LIMITS, DNE MOST FREQUENTLY EMERGES WHEN THE BEHAVIOR OF A FUNCTION IS NOT UNIFORM AS IT
APPROACHES A SPECIFIC POINT. THIS CAN BE DUE TO:

e A HJUMP” IN THE FUNCTION'S GRAPH, WHERE THE VALUE FROM THE LEFT IS DIFFERENT FROM THE VALUE FROM THE RIGHT.

® THE FUNCTION'S VALUES INCREASING OR DECREASING WITHOUT ANY UPPER OR LOWER BOUND, HEADING TOWARDS
INFINITY OR NEGATIVE INFINITY.

® A FUNCTION THAT OSCILLATES WILDLY BETWEEN VALUES INFINITELY OFTEN AS IT APPROACHES A POINT, NEVER
SETTLING ON A SINGLE VALUE.

THESE SCENARIOS HIGHLIGHT THAT WHILE MATHEMATICS IS PRECISE, IT ALSO ACKNOWLEDGES SITUATIONS WHERE A STANDARD
NUMERICAL ANSWER OR BEHAVIOR IS NOT ACHIEVABLE. IT'S A SIGN THAT WE'VE ENCOUNTERED A BOUNDARY CONDITION OR A
FUNDAMENTAL MATHEMATICAL CONSTRAINT.

ReaL-\W orLD IMPLICATIONS oF DNE

W/HILE DNE MIGHT SEEM LIKE AN ABSTRACT CONCEPT CONFINED TO TEXTBOOKS, ITS IMPLICATIONS RIPPLE INTO VARIOUS REAL™
\WORLD APPLICATIONS, PARTICULARLY IN FIELDS THAT MODEL PHYSICAL PHENOMENA OR ECONOMIC SYSTEMS. UNDERST ANDING
WHEN A MODEL'S OUTPUT “DOES NOT EXIST” CAN BE AS IMPORTANT AS UNDERSTANDING WHEN IT YIELDS A VALID PREDICTION.

IN ENGINEERING, FOR INSTANCE, WHEN DESIGNING A BRIDGE OR AN AIRCRAFT, ENGINEERS USE MATHEMATICAL MODELS TO PREDICT
STRESS, LOAD, AND PERFORMANCE. IF A CALCULATION FOR A SPECIFIC SCENARIO YIELDS DNE, IT SIGNIFIES A POTENTIAL FAILURE
POINT OR AN UNSTABLE CONDITION THAT MUST BE AVOIDED. A LIMIT DNE IN A STRUCTURAL ANALYSIS MIGHT INDICATE THAT
UNDER CERTAIN LOADS, THE MATERIAL WOULD THEORETICALLY STRETCH INFINITELY, WHICH TRANSLATES TO A PHYSICAL
COLLAPSE.

IN ECONOMICS, MODELS PREDICTING MARKET BEHAVIOR MIGHT ENCOUNTER SITUATIONS WHERE A VARIABLE DNE. THIS couLD
MEAN THAT A CERTAIN ECONOMIC POLICY HAS AN UNINTENDED CONSEQUENCE THAT RENDERS A PARTICULAR OUTCOME
IMPOSSIBLE OR INDETERMINATE. FOR EXAMPLE, A PRICING MODEL MIGHT RESULT IN DIVISION BY ZERO IF DEMAND IS PREDICTED TO
BE ZERO, INDICATING A MARKET COLLAPSE OR AN UNSUSTAINABLE SCENARIO. RECOGNIZING THESE DNES ALLOWS FOR BETTER
RISK ASSESSMENT AND MORE ROBUST PLANNING.

EVEN IN COMPUTER SCIENCE, ALGORITHMS MIGHT ENCOUNTER INPUTS FOR WHICH THEY ARE NOT DESIGNED TO PRODUCE A RESULT.
A PROGRAM ATTEMPTING TO CALCULATE THE SQUARE ROOT OF A NEGATIVE NUMBER MIGHT CRASH OR RETURN AN ERROR;
EFFECTIVELY, THE OPERATION DNE WITHIN THE PROGRAM'S CURRENT LOGIC. ROBUST SOFTWARE DEVELOPMENT OFTEN INVOLVES
ANTICIPATING AND GRACEFULLY HANDLING SUCH DNE SCENARIOS.

FREQUENTLY AskeD QUESTIONS

Q: WHAT Does DNE MEAN IN THE CONTEXT OF MATHEMATICAL EQUATIONS?

A: IN MATHEMATICAL EQUATIONS, DNE (DOES NOT EXIST) TYPICALLY INDICATES THAT THERE IS NO SOLUTION THAT SATISFIES
THE EQUATION UNDER THE GIVEN CONSTRAINTS OR WITHIN THE SPECIFIED NUMBER SYSTEM. FOR EXAMPLE, THE EQUATION X" 2 =
-1 HAS NO REAL NUMBER SOLUTION, SO WE SAY THE REAL SOLUTION DNE.



Q: CAN A FUNCTION HAVE A LIMIT THAT DNE AT A POINT WHERE THE FUNCTION IS
DEFINED?

A: ABSOLUTELY. A FUNCTION CAN BE DEFINED AT A POINT (MEANING F(A) HAS A VALUE), BUT ITS LIMIT AS X APPROACHES ‘A’
CAN STILL DNE. THIS HAPPENS IF THE FUNCTION'S BEHAVIOR FROM THE LEFT AND RIGHT OF ‘A’ DOES NOT CONVERGE TO THE
SAME FINITE VALUE, OR IF IT APPROACHES INFINITY. A CLASSIC EXAMPLE IS A PIECEWISE FUNCTION WITH A JUMP DISCONTINUITY.

Q: How IS DNE RELATED TO THE CONCEPT OF INFINITY?

A: WHEN A LIMIT APPROACHES INFINITY OR NEGATIVE INFINITY, IT IS OFTEN STATED THAT THE LIMIT DNE BECAUSE INFINITY IS
NOT A SPECIFIC NUMERICAL VALUE. WHILE WE USE THE INFINITY SYMBOL TO DESCRIBE THE UNBOUNDED BEHAVIOR, THE LIMIT, IN
THE SENSE OF CONVERGING TO A REAL NUMBER, DOES NOT EXIST.

Q: ARE THERE DIFFERENT TYPES OF “DOES NOT EXIST"” IN MATHEMATICS?

A: YES, WHILE THE OVERARCHING TERM IS DNE, THE REASONS CAN DIFFER. A LIMIT MIGHT DNE DUE TO DIFFERENT LEFT AND
RIGHT-HAND LIMITS, OR DUE TO UNBOUNDED BEHAVIOR (APPROACHING INFINITY). A SOLUTION TO AN EQUATION MIGHT DNE
WITHIN A PARTICULAR SET OF NUMBERS (LIKE REAL NUMBERS). A FUNCTION VALUE MIGHT DNE DUE TO DIVISION BY ZERO OR
BEING OUTSIDE ITS DEFINED DOMAIN.

Q: W/HEN LEARNING CALCULUS, HOW SHOULD | APPROACH PROBLEMS WHERE THE LIMIT
DNE?

A: WHEN YOU ENCOUNTER A SITUATION WHERE A LIMIT MIGHT DNE/ THE BEST APPROACH IS TO INVESTIGATE THE FUNCTION'S
BEHAVIOR FROM BOTH THE LEFT AND THE RIGHT SIDES OF THE POINT IN QUESTION. EXAMINE THE FUNCTION'S GRAPH OR
EVALUATE IT AT POINTS APPROACHING THE TARGET VALUE FROM EACH DIRECTION. LOOK FOR ANY SIGNS OF JUMP
DISCONTINUITIES, OSCILLATIONS, OR VERTICAL ASYMPTOTES.

Q: Is DNE A SIGN OF A MISTAKE IN MY CALCULATIONS?

A: NOT NECESSARILY. WHILE A CALCULATION ERROR COULD LEAD TO AN INCORRECT DNE, of TEN DNE IS THE MATHEMATICALLY
CORRECT ANSWER, INDICATING A SPECIFIC PROPERTY OF THE FUNCTION OR EQUATION YOU ARE ANALYZING. IT'S A VALID
MATHEMATICAL OUTCOME THAT SIGNIFIES A BOUNDARY OR LIMITATION.

Q: How poes DNE APPLY TO SEQUENCES THAT OSCILLATE?

A: IF A SEQUENCE OSCILLATES AND DOES NOT SETTLE ON A SINGLE, SPECIFIC VALUE AS THE NUMBER OF TERMS INCREASES
INDEFINITELY, ITS LIMIT DOES NOT EXIST (DNE). FOR EXAMPLE, THE SEQUENCE {1,-1, 1, -1, ...} WILL NEVER APPROACH A
SINGLE NUMBER, SO ITS LIMIT DNE.

QI \WHAT HAPPENS IF A SERIES’ TERMS DO NOT APPROACH ZERO?

A: IF THE TERMS OF AN INFINITE SERIES DO NOT APPROACH ZERO AS THE INDEX GOES TO INFINITY, THEN THE SERIES WILL DIVERGE,
MEANING ITS SUM DOES NOT CONVERGE TO A FINITE VALUE. IN SUCH CASES, WE SAY THE SUM OF THE SERIES DNE. THIS IS A
FUNDAMENTAL TEST FOR DIVERGENCE.
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