PHYSICS WORDS THAT START WITH Y

PHYsics WoRrDS THAT START WITH Y: EXPLORING THE OBSCURE AND ESSENTIAL

PHYSICS WORDS THAT START WITH Y MIGHT NOT BE THE FIRST TERMS THAT SPRING TO MIND WHEN DISCUSSING THE
FUNDAMENTAL PRINCIPLES OF THE UNIVERSE, YET THEY REPRESENT CRUCIAL CONCEPTS AND TOOLS WITHIN THE SCIENTIFIC
LEXICON. W/HILE THE LETTER Y IS LESS COMMON FOR SCIENTIFIC TERMINOLOGY THAN SOME OTHER LETTERS, ITS ASSOCIATED
W ORDS UNLOCK DEEPER UNDERSTANDING IN AREAS LIKE MECHANICS, OPTICS, AND EVEN THEORETICAL PHYSICS. THIS ARTICLE
DELVES INTO THESE OFTEN-OVERLOOKED TERMS, PROVIDING DETAILED EXPLANATIONS AND CONTEXT FOR THEIR SIGNIFICANCE.
W/E WILL EXPLORE EVERYTHING FROM UNITS OF MEASUREMENT TO SPECIFIC PHENOMENA AND THEORETICAL CONSTRUCTS THAT
BEGIN WITH THE LETTER Y, AIMING TO DEMYSTIFY THESE ESSENTIAL COMPONENTS OF PHYSICS. PREPARE TO EXPAND YOUR
SCIENTIFIC VOCABULARY AND APPRECIATE THE BREADTH OF PHYSICS, EVEN IN ITS LESS-TRAVELED LINGUISTIC CORNERS.
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THe Y-Axis IN COORDINATE SYSTEMS

IN THE REALM OF PHYSICS AND MATHEMATICS, A COORDINATE SYSTEM PROVIDES A FRAMEWORK FOR LOCATING POINTS IN SPACE.
THE MOST COMMON TWO-DIMENSIONAL SYSTEM, THE CARTESIAN COORDINATE SYSTEM, UTILIZES TWO PERPENDICULAR AXES!
THE X-AXIS AND THE Y-AXIS. THE Y-AXIS, OFTEN DEPICTED AS THE VERTICAL LINE, REPRESENTS ONE OF THE TWO INDEPENDENT
VARIABLES USED TO DEFINE A POINT'S POSITION. W/HEN ANALYZING MOTION, FORCES, OR DISTRIBUTIONS OF PHYSICAL
QUANTITIES, UNDERSTANDING THE ROLE OF THE Y-AXIS IS PARAMOUNT. IT ALLOWS US TO QUANTIFY VERTICAL DISPLACEMENT,
VELOCITY, ACCELERATION, AND FORCES ACTING IN THE VERTICAL DIRECTION.

CONSIDER PROJECTILE MOTION. THE PATH OF A THROWN BALL CAN BE DESCRIBED BY ITS X AND Y COORDINATES OVER TIME. THE
Y-AXIS WOULD TRACK THE BALL'S HEIGHT, INFLUENCED BY GRAVITY, WHILE THE X-AXIS TRACKS ITS HORIZONTAL DISTANCE. IN
THREE-DIMENSIONAL CARTESIAN SYSTEMS, A THIRD AXIS, THE Z-AXIS, IS ADDED, BUT THE FUNDAMENTAL PRINCIPLES OF THE Y~
AXIS REMAIN CONSISTENT FOR DESCRIBING VERTICAL OR A SPECIFIC DIRECTIONAL COMPONENT. THIS SIMPLE, YET POWERFUL,
CONCEPT UNDERPINS COUNTLESS PHYSICAL ANALYSES, FROM THE TRAJECTORY OF A SATELLITE TO THE DEFORMATION OF A
BRIDGE.

DerFINING THE Y-AXIS IN PHYSICS APPLICATIONS

THE Y-AXIS SERVES AS A CRUCIAL REFERENCE LINE IN VARIOUS PHYSICS CONTEXTS. IN MECHANICS, IT’S INTRINSICALLY LINKED
TO CONCEPTS LIKE DISPLACEMENT, VELOCITY, AND ACCELERATION. For INSTANCE, IF AN OBJECT IS DROPPED FROM A HEIGHT, ITS
DOWNWARD MOTION IS MEASURED ALONG THE NEGATIVE Y-AXIS, ASSUMING THE ORIGIN IS AT THE POINT OF RELEASE AND THE
POSITIVE Y-AXIS POINTS UPW ARDS. SIMILARLY, \WHEN DEALING WITH FORCES, THE COMPONENT OF A FORCE ACTING
PERPENDICULAR TO THE HORIZONTAL DIRECTION IS RESOLVED ALONG THE Y-AXIS. THIS VECTOR DECOMPOSITION IS
FUNDAMENTAL FOR APPLYING NEWTON'S LAWS OF MOTION IN COMPLEX SCENARIOS.

FURTHERMORE, IN GRAPHICAL REPRESENTATIONS OF PHYSICAL RELATIONSHIPS, THE Y-AXIS IS OFTEN USED TO PLOT DEPENDENT
VARIABLES. FOR EXAMPLE, A STRESS-STRAIN CURVE IN MATERIAL SCIENCE TYPICALLY HAS STRESS PLOTTED ON THE Y-AXIS AND
STRAIN ON THE X-AXIS. THIS ALLOWS SCIENTISTS TO VISUALIZE HOW A MATERIAL BEHAVES UNDER LOAD, LEADING TO CRUCIAL
INSIGHTS ABOUT ITS PROPERTIES. THE CONSISTENT INTERPRETATION OF THE Y-AXIS AS A MEASURE OF A SPECIFIC PHYSICAL
QUANTITY, WHETHER SPATIAL POSITION, VELOCITY, OR APPLIED STRESS, MAKES IT AN INDISPENSABLE TOOL FOR
QUANTITATIVE PHYSICS.



UNDERSTANDING YOCTO PREFIXES

IN THE INTERNATIONAL SYSTEM OF UNITS (SI), PREFIXES ARE USED TO DENOTE MULTIPLES OR SUBMULTIPLES OF UNITS. WHILE
FAMILIAR PREFIXES LIKE “kiLo” (10%) anD “MiLLI” (107%) ARE COMMONPLACE, THE S| SYSTEM EXTENDS TO INCREDIBLY SMALL
SCALES WITH PREFIXES LIKE “YOCTO.” THE YOCTO PREFIX REPRESENTS A FACTOR OF 10724 MEANING ONE YOCTOMETER IS
10724 METERS, OR ONE YOCTOSECOND IS 10724 SECONDS. THESE MINUSCULE SCALES ARE ESSENTIAL WHEN DELVING INTO THE
SUBATOMIC WORLD, WHERE THE DIMENSIONS AND TIMESCALES INVOLVED ARE EXTRAORDINARILY SMALL.

THE YOCTO PREFIX IS NOT AS FREQUENTLY ENCOUNTERED IN INTRODUCTORY PHYSICS AS ITS LARGER COUNTERPARTS, BUT IT
PLAYS A VITAL ROLE IN ADVANCED RESEARCH. W/HEN SCIENTISTS ARE STUDYING THE PROPERTIES OF QUARKS, FUNDAMENTAL
PARTICLES THAT MAKE UP PROTONS AND NEUTRONS, OR THE FLEETING EXISTENCE OF CERTAIN EXOTIC PARTICLES, THE YOCTO
PREFIX BECOMES INDISPENSABLE. |T PROVIDES A CONVENIENT AND STANDARDIZED WAY TO EXPRESS THESE UNIMAGINABLY SMALL
QUANTITIES WITHOUT RESORTING TO LENGTHY STRINGS OF ZEROS. IMAGINE TRYING TO WRITE DOWN THE DIAMETER OF A
SUBATOMIC PARTICLE IN METERS WITHOUT ANY PREFIXES; IT WOULD BE A DAUNTING TASK.

THE SIGNIFICANCE OF YOCTO IN PARTICLE PHYSICS

PARTICLE PHYSICS, THE BRANCH OF PHYSICS THAT STUDIES THE FUNDAMENTAL CONSTITUENTS OF MATTER AND THEIR
INTERACTIONS, FREQUENTLY UTILIZES THE YOCTO PREFIX. THE SIZES OF ATOMIC NUCLEI, WHILE SMALL, ARE STILL ON THE
FEMTOMETER (107'® M) SCALE. HOWEVER, THE DIMENSIONS OF INDIVIDUAL NUCLEONS (PROTONS AND NEUTRONS) OR EVEN
SMALLER COMPOSITE PARTICLES CAN BE ON THE SCALE OF ZEPTOMETERS ( 1072" M) OR EVEN SMALLER, PUSHING INTO THE
YOCTOMETER RANGE. SIMILARLY, THE LIFETIMES OF SOME UNSTABLE PARTICLES ARE INCREDIBLY SHORT, MEASURED IN
YOCTOSECONDS.

For INSTANCE, WHEN RESEARCHERS ARE INVESTIGATING THE DECAY RATES OF CERTAIN SUBATOMIC PARTICLES OR THE PRECISE
DISTANCES BETWEEN INTERACTING QUANTUM FIELDS, THE YOCTO PREFIX ALLOWS FOR PRECISE AND MANAGEABLE NOTATION.
IT'S A TESTAMENT TO THE INGENUITY OF THE S| SYSTEM THAT IT CAN ACCOMMODATE SUCH EXTREME SCALES, ENABLING
SCIENTISTS TO COMMUNICATE THEIR FINDINGS ACCURATELY AND EFFICIENTLY. WITHOUT SUCH PREFIXES, THE SHEER MAGNITUDE
OF THE NUMBERS INVOLVED WOULD MAKE SCIENTIFIC DISCOURSE INCREDIBLY CUMBERSOME.

EXPLORING THE CONCEPT OF YIELD STRENGTH

YIELD STRENGTH IS A FUNDAMENTAL PROPERTY OF MATERIALS, PARTICULARLY IN SOLID MECHANICS AND ENGINEERING PHYSICS. IT
REPRESENTS THE STRESS AT WHICH A MATERIAL BEGINS TO DEFORM PLASTICALLY. UP TO THIS POINT, THE MATERIAL WILL
RETURN TO ITS ORIGINAL SHAPE WHEN THE STRESS IS REMOVED (ELASTIC DEFORMATION). BEYOND THE YIELD STRENGTH,
HOWEVER, THE DEFORMATION BECOMES PERMANENT , MEANING THE MATERIAL WILL NOT FULLY RECOVER ITS ORIGINAL DIMENSIONS.
(UNDERSTANDING YIELD STRENGTH IS CRITICAL FOR DESIGNING STRUCTURES AND COMPONENTS THAT CAN WITHSTAND APPLIED
LOADS WITHOUT PERMANENT FAILURE.

DIFFERENT MATERIALS HAVE VASTLY DIFFERENT YIELD STRENGTHS. FOR EXAMPLE, SOFT METALS LIKE LEAD HAVE LOW YIELD
STRENGTHS, MEANING THEY DEFORM EASILY UNDER RELATIVELY SMALL LOADS. CONVERSELY/ HIGH-STRENGTH STEELS AND
ADVANCED ALLOYS POSSESS VERY HIGH YIELD STRENGTHS, ALLOWING THEM TO BE USED IN DEMANDING APPLICATIONS LIKE
AIRCRAFT FRAMES AND BRIDGES. THIS PROPERTY IS DETERMINED THROUGH TENSILE TESTING, WHERE A MATERIAL SAMPLE IS
SUBJECTED TO INCREASING TENSILE STRESS UNTIL IT YIELDS AND EVENTUALLY FRACTURES.

APPLICATIONS OF YIELD STRENGTH IN ENGINEERING

IN ENGINEERING, YIELD STRENGTH DICTATES THE MAXIMUM LOAD THAT A STRUCTURAL ELEMENT CAN SUSTAIN BEFORE
UNDERGOING PERMANENT DEFORMATION. THIS IS CRUCIAL FOR ENSURING THE SAFETY AND FUNCTIONALITY OF EVERYTHING FROM



THE SMALLEST SCREWS TO THE LARGEST SKYSCRAPERS. ENGINEERS USE YIELD STRENGTH DATA TO CALCULATE SAFETY
FACTORS, ENSURING THAT THE STRESSES EXPERIENCED BY A COMPONENT IN SERVICE REMAIN WELL BELOW ITS YIELD STRENGTH,
THUS PREVENTING CATASTROPHIC FAILURE.

THE CONCEPT OF YIELD STRENGTH IS ALSO VITAL IN UNDERSTANDING MATERIAL FATIGUE AND FRACTURE MECHANICS. W/HEN A
MATERIAL IS REPEATEDLY STRESSED BELOW ITS YIELD STRENGTH, IT CAN STILL EVENTUALLY FAIL DUE TO FATIGUE. HO\X/EVER, IF
THE APPLIED STRESS EXCEEDS THE YIELD STRENGTH, PERMANENT DEFORMATION OCCURS, WHICH CAN INITIATE CRACKS OR
SIGNIFICANTLY WEAKEN THE MATERIAL. THEREFORE, A THOROUGH KNOWLEDGE OF A MATERIAL'S YIELD STRENGTH IS A
CORNERSTONE OF RESPONSIBLE ENGINEERING DESIGN AND MATERIAL SELECTION.

DELVING INTO YOUNG'S MobuLUs

YOUNG'S MODULUS, ALSO KNOWN AS THE MODULUS OF ELASTICITY, IS ANOTHER CRUCIAL MATERIAL PROPERTY IN PHYSICS,
PARTICULARLY IN THE STUDY OF ELASTICITY AND MATERIAL SCIENCE. |T QUANTIFIES A MATERIAL'S STIFFNESS OR RESISTANCE
TO ELASTIC DEFORMATION UNDER TENSILE OR COMPRESSIVE STRESS. SPECIFICALLY/ Y OUNG'S MODULUS IS DEFINED AS THE
RATIO OF TENSILE STRESS TO TENSILE STRAIN IN THE ELASTIC REGION OF A MATERIAL'S BEHAVIOR. THE HIGHER THE YOUNG'S
MODULUS, THE STIFFER THE MATERIAL, MEANING IT REQUIRES MORE FORCE TO STRETCH OR COMPRESS IT BY A GIVEN AMOUNT.

THINK OF IT LIKE THIS: IMAGINE STRETCHING A RUBBER BAND VERSUS STRETCHING A STEEL WIRE OF THE SAME LENGTH AND
THICKNESS. THE STEEL WIRE IS MUCH HARDER TO STRETCH, REQUIRING CONSIDERABLY MORE FORCE FOR THE SAME AMOUNT OF
ELONGATION. THIS DIFFERENCE IN STIFFNESS IS DIRECTLY RELATED TO THEIR RESPECTIVE YOUNG'S MODULI. STEEL HAS A MUCH
HIGHER Y OUNG'S MODULUS THAN RUBBER. THIS PROPERTY IS TYPICALLY DETERMINED EXPERIMENTALLY BY MEASURING THE
STRAIN A MATERIAL UNDERGOES WHEN SUBJECTED TO A KNOWN STRESS.

THE IMPORTANCE OF YOUNG'S MobuLUS IN DESIGN AND ANALYSIS

Y OUNG'S MODULUS IS AN INDISPENSABLE PARAMETER FOR ENGINEERS AND PHYSICISTS WHEN DESIGNING STRUCTURES, MECHANICAL
COMPONENTS, AND EVEN BIOLOGICAL PROSTHETICS. IT ALLOWS THEM TO PREDICT HOW A MATERIAL WILL DEFORM UNDER LOAD,
WHICH IS ESSENTIAL FOR ENSURING THAT A STRUCTURE REMAINS STABLE AND DOES NOT SAG OR BUCKLE EXCESSIVELY. FOR
INSTANCE, IN BRIDGE CONSTRUCTION, ENGINEERS MUST SELECT MATERIALS WITH APPROPRIATE Y OUNG'S MODULI TO ENSURE THE
BRIDGE CAN SUPPORT ITS OWN WEIGHT AND THE TRAFFIC IT CARRIES WITHOUT EXCESSIVE DEFORMATION.

THE VALUE OF YOUNG'S MODULUS IS ALSO CRITICAL IN ANALYZING VIBRATIONS AND RESONANCE IN MECHANICAL SYSTEMS.
STIFFER MATERIALS TEND TO HAVE HIGHER NATURAL FREQUENCIES, MEANING THEY VIBRATE AT HIGHER RATES. (UNDERST ANDING
THIS PROPERTY HELPS ENGINEERS DESIGN SYSTEMS THAT AVOID UNDESIRABLE RESONANT FREQUENCIES, WHICH CAN LEAD TO
STRUCTURAL FAILURE. IN ESSENCE, Y OUNG'S MODULUS PROVIDES A QUANTITATIVE MEASURE OF HOW A MATERIAL WILL
RESPOND TO MECHANICAL FORCES, MAKING IT A CORNERSTONE OF MATERIAL SELECTION AND STRUCTURAL ANALYSIS.

UNPACKING Y TTERBIUM IN PHYSICS

Y TTERBIUM (YB) IS A CHEMICAL ELEMENT THAT ALSO FINDS ITS PLACE IN VARIOUS PHYSICS CONTEXTS, PRIMARILY DUE TO ITS
UNIQUE ELECTRONIC AND MAGNETIC PROPERTIES. AS A RARE-EARTH METAL, YTTERBIUM HAS ELECTRONS IN ITS F ORBITALS,
WHICH OFTEN LEADS TO INTERESTING OPTICAL AND MAGNETIC BEHAVIORS. IN PHYSICS, IT's NOT JUST ABOUT ITS ATOMIC
STRUCTURE BUT HOW THESE PROPERTIES MANIFEST IN PHENOMENA AND APPLICATIONS, FROM LASERS TO SPECIALIZED SENSORS.

Y TTERBIUM HAS FOUND SIGNIFICANT USE IN THE DEVELOPMENT OF SOLID-STATE LASERS. Y TTERBIUM-DOPED OPTICAL FIBERS ARE
PARTICULARLY IMPORTANT FOR CREATING HIGHLY EFFICIENT AND POWERFUL FIBER LASERS. THESE LASERS ARE USED IN A WIDE
RANGE OF APPLICATIONS, INCLUDING INDUSTRIAL CUTTING AND WELDING, MEDICAL PROCEDURES, AND SCIENTIFIC RESEARCH. THE
SPECIFIC ELECTRONIC TRANSITIONS WITHIN THE YTTERBIUM ION ALLOW IT TO EFFICIENTLY ABSORB PUMP LIGHT AND EMIT LASER



LIGHT AT PARTICULAR WAVELENGTHS, MAKING IT A VALUABLE DOPANT MATERIAL.

APPLICATIONS OF Y TTERBIUM IN MODERN PHYSICS AND TECHNOLOGY

Bevonp LASERS, YTTERBIUM PLAYS A ROLE IN OTHER CUTTING-EDGE PHYSICS APPLICATIONS. |TS ISOTOPES ARE USED IN
ATOMIC CLOCKS, WHICH ARE AMONG THE MOST ACCURATE TIMEKEEPING DEVICES EVER CREATED. THE PRECISE ENERGY LEVELS OF
YTTERBIUM ATOMS CAN BE USED TO DEFINE TIME WITH ASTONISHING ACCURACY, CONTRIBUTING TO ADVANCEMENTS IN
NAVIGATION SYSTEMS, FUNDAMENTAL PHYSICS EXPERIMENTS, AND SYNCHRONIZATION OF GLOBAL COMMUNICATION NET\WORKS.

FURTHERMORE, THE MAGNETIC PROPERTIES OF CERTAIN YTTERBIUM COMPOUNDS ARE OF INTEREST IN CONDENSED MATTER
PHYSICS, PARTICULARLY IN THE STUDY OF QUANTUM MAGNETISM AND TOPOLOGICAL MATERIALS. RESEARCHERS EXPLORE HOW
YTTERBIUM'S ELECTRONIC STRUCTURE CAN LEAD TO EXOTIC MAGNETIC ORDERING AND POTENTIALLY NOVEL QUANTUM
PHENOMENA. W HILE PERHAPS LESS UBIQUITOUS THAN FUNDAMENTAL FORCES OR BASIC UNITS, YTTERBIUM’S CONTRIBUTIONS TO
SPECIALIZED AREAS OF PHYSICS HIGHLIGHT THE DIVERSE NATURE OF SCIENTIFIC INQUIRY AND THE TOOLS IT EMPLOYS.

FREQUENTLY ASKED QUESTIONS

Q: ARE THERE OTHER PHYSICS TERMS STARTING WITH “Y"” BESIDES THOSE DISCUSSED?

A: \WHILE THE TERMS COVERED IN THIS ARTICLE ARE PROMINENT, THE VASTNESS OF PHYSICS MEANS THERE COULD BE MORE
SPECIALIZED OR HISTORICAL TERMS. HOWEVER, “Y-AXIS,” “YocTo,” “YIELD STRENGTH,” “YOUNG'S MODULUS,” AND

Y TTERBIUM” REPRESENT THE MOST SIGNIFICANT AND COMMONLY ENCOUNTERED PHYSICS WORDS THAT START WITH THE LETTER
Y IN CONTEMPORARY SCIENTIFIC DISCOURSE.

Q: How coMMoN IS THE “YocTo"” PREFIX IN EVERYDAY PHYSICS PROBLEMS?

A: THE “yocTo” PREFIX IS QUITE RARE IN EVERYDAY PHYSICS PROBLEMS ENCOUNTERED AT THE INTRODUCTORY OR EVEN
INTERMEDIATE LEVELS. |T IS PRIMARILY RELEVANT IN HIGHLY SPECIALIZED FIELDS LIKE PARTICLE PHYSICS AND QUANTUM
MECHANICS, WHERE SCIENTISTS DEAL WITH EXTREMELY SMALL SCALES OF LENGTH AND TIME, SUCH AS THE SIZE OF SUBATOMIC
PARTICLES OR THE LIFETIMES OF UNSTABLE PARTICLES.

Q: CAN YOU GIVE AN EXAMPLE OF WHY YIELD STRENGTH IS IMPORTANT FOR A COMMON
OBJECT?

A: AesOLUTELY! CONSIDER A SIMPLE METAL CHAIR. THE LEGS OF THE CHAIR MUST BE STRONG ENOUGH TO SUPPORT THE
WEIGHT OF A PERSON WITHOUT PERMANENTLY BENDING. THE YIELD STRENGTH OF THE METAL USED FOR THE LEGS DETERMINES THE
MAXIMUM FORCE THEY CAN WITHSTAND BEFORE PERMANENTLY DEFORMING, PREVENTING THE CHAIR FROM COLLAPSING OR
BECOMING UNUSABLE AFTER A FEW USES.

Q: WHAT IS THE RELATIONSHIP BETWEEN YOUNG'S MODULUS AND MATERIAL
FLEXIBILITY?

A: YOUNG'S MODULUS IS INVERSELY RELATED TO MATERIAL FLEXIBILITY. A MATERIAL WITH A HIGH YOUNG'S MODULUS IS VERY
STIFF AND NOT FLEXIBLE (LIKE STEEL), MEANING IT RESISTS DEFORMATION. CONVERSELY, A MATERIAL WITH A LOW YOUNG'S
MODULUS IS VERY FLEXIBLE AND EASILY DEFORMED (LIKE RUBBER). SO, Low YOUNG'S MODULUS MEANS HIGH FLEXIBILITY.



QI IN WHAT WAYS DOES Y TTERBIUM CONTRIBUTE TO PRECISION TIMEKEEPING?

A: YTTERBIUM'S CONTRIBUTION TO PRECISION TIMEKEEPING COMES FROM ITS ISOTOPES BEING USED IN ATOMIC CLOCKS. THE
ENERGY LEVELS OF YTTERBIUM ATOMS ARE EXTREMELY STABLE AND WELL-DEFINED. BY MONITORING THE FREQUENCY OF LIGHT
THAT CAUSES THESE ATOMS TO TRANSITION BETWEEN SPECIFIC ENERGY LEVELS, SCIENTISTS CAN CREATE ATOMIC CLOCKS THAT
ARE INCREDIBLY ACCURATE, MEASURING TIME WITH UNPRECEDENTED PRECISION.

Q: WHY ARE DIFFERENT UNITS AND PREFIXES, LIKE “YOCTO," NECESSARY IN PHYSICS?

A: DIFFERENT UNITS AND PREFIXES ARE NECESSARY IN PHYSICS TO ACCURATELY AND CONVENIENTLY DESCRIBE PHENOMENA
ACROSS VASTLY DIFFERENT SCALES. WITHOUT PREFIXES LIKE “yocTo” (10724) or “yoTTA” (1024), WE WOULD HAVE TO
USE INCREDIBLY LARGE OR SMALL NUMBERS WITH MANY ZEROS, MAKING COMMUNICATION AND CALCULATIONS CUMBERSOME AND
PRONE TO ERRORS, ESPECIALLY WHEN DEALING WITH THE VERY SMALL OR VERY LARGE ASPECTS OF THE UNIVERSE.
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