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(UNDERSTANDING THE PHYSICS BEHIND THE MOTION OF A FLYING SQUIRREL DESCENDING FROM A TREE PROVIDES FASCINATING
INSIGHTS INTO FORCES, AIR RESISTANCE, AND EQUILIBRIUM IN NATURE. W/HEN A SQUIRREL GLIDES OR FLIES DOWNWARD AT A
CONSTANT VELOCITY, IT IMPLIES A DELICATE BALANCE OF FORCES ACTING UPON IT. THIS SCENARIO OFFERS AN EXCELLENT
OPPORTUNITY TO EXPLORE CONCEPTS SUCH AS GRAVITATIONAL FORCE, AIR RESISTANCE, DRAG, AND TERMINAL VELOCITY, ALL
WITHIN THE CONTEXT OF REAL-\WORLD BIOLOGICAL FLIGHT.

BAsics oF FORCES ACTING ON THE FLYING SQUIRREL

GRAVITY’s RoLE

THE PRIMARY FORCE PULLING THE SQUIRREL DOWNW ARD IS GRAVITY, WHICH ACTS VERTICALLY DOWNWARD AND IS
CALCULATED BY:

- WeiGHT (W): \( W =mG \)

\X/HERE:
-\(m=5.0\, \text{kc} \) (MASS OF THE SQUIRREL)
-\( e \aprrox 9.8 \, \TexT{M/s}"2 \) (ACCELERATION DUE TO GRAVITY)

CALCULATING:
-\(W =5.0\7iMes 9.8 =49\, \TexT{N} )

THIS GRAVITATIONAL FORCE ACCELERATES THE SQUIRREL DOWNW ARD UNLESS COUNTERED BY OTHER FORCES.

AIR RESISTANCE AND DRAG FORCE

AS THE SQUIRREL MOVES THROUGH THE AIR, IT ENCOUNTERS AIR RESISTANCE, WHICH OPPOSES ITS MOTION. THE FORCE DUE TO
AIR RESISTANCE DEPENDS ON SEVERAL FACTORS:

- DRAG Force (F_b): USUALLY MODELED AS

\[F_ b= \rrAc{13}{2} C_b \rHO A V"2 \]

W/ HERE:

-\( C_b\) = DRAG COEFFICIENT (DEPENDS ON SHAPE AND FLOW CONDITIONS)
-\(\rHO \) = AR DENSITY (~1.225 KG/M® AT SEA LEVEL)

-\( A \) = CROSS-SECTIONAL AREA OF THE SQUIRREL
-\( v \) = VELOCITY OF THE SQUIRREL

W/HEN THE SQUIRREL FLIES AT A CONSTANT VELOCITY, THE NET FORCE ALONG THE DIRECTION OF MOTION IS ZERO, MEANING THE
DRAG FORCE BALANCES THE COMPONENT OF GRAVITY ACTING ALONG ITS PATH.

CoNSTANT VELOCITY AND EQUILIBRIUM OF FORCES



UNDERSTANDING TERMINAL VELOCITY

CONSTANT VELOCITY DURING DESCENT INDICATES THAT THE SQUIRREL HAS REACHED ITS TERMINAL VELOCITY. AT THIS POINT:

- THE DOWNWARD GRAVITATIONAL FORCE IS EXACTLY BALANCED BY THE UPWARD DRAG FORCE.
- THE ACCELERATION IS ZERO, AND THE SQUIRREL CONTINUES DESCENDING AT A STEADY RATE.

THIS EQUILIBRIUM CONDITION CAN BE EXPRESSED AS:
\[W=F_p\]

OR

\[ MG = \rrAc{1}{2} C_b \rHO A V"2 \]

BY KNOWING OR ESTIMATING THE PARAMETERS, ONE CAN DETERMINE THE TERMINAL VELOCITY OR ANALYZE THE FORCES
INVOLVED.

IMPLICATIONS OF CONSTANT VELOCITY

IN REAL-WORLD SCENARIOS, FLYING SQUIRRELS GLIDE AT SPEEDS TYPICALLY RANGING BETWEEN 10 AND 20 METERS PER SECOND.
THE SPECIFIC VELOCITY DEPENDS ON:

- THE SQUIRREL’S BODY AND WING (GLIDING MEMBRANE) SHAPE
- THE HEIGHT OF THE TREE

- AIR CONDITIONS

THIS STEADY VELOCITY ENSURES MINIMAL ENERGY EXPENDITURE DURING DESCENT, ALLOWING THE SQUIRREL TO GLIDE
EFFICIENTLY TO THE GROUND.

ESTIMATING PARAMETERS FOR THE FLYING SQUIRREL’S DESCENT

Cross-SecTioNAL ARea (A)

ESTIMATING THE CROSS-SECTIONAL AREA IS CRUCIAL FOR CALCULATING DRAG. FLYING SQUIRRELS ARE SMALL, WITH A BODY
LENGTH OF ABoUT 25-30 cM AND A WING SPAN (GLIDING MEMBRANE) THAT EXTENDS ROUGHLY 50-60 cM. THE APPROXIMATE
CROSS-SECTIONAL AREA FACING AIRFLOW WHEN GLIDING MIGHT BE:

-A=~0.02 T00.03 M

THIS IS AN ESTIMATE BASED ON BODY DIMENSIONS AND POSTURE.

DraG Coerricient (C_p)

SHAPE AND SURFACE TEXTURE INFLUENCE THE DRAG COEFFICIENT:

- FOR STREAMLINED ANIMALS OR OBJECTS, \( C_D \) TYPICALLY RANGES FROM 0.3 To 0.8.
- FOR A FLYING SQUIRREL IN A STABLE GLIDE, AN AVERAGE \( C_b \) oF ABouT 0.5 IS REASONABLE.

CALCULATING TERMINAL VELOCITY

USING THE ESTIMATED PARAMETERS:



\[ M6 = \FrrRac{13{2} C_p \rHO A v"2\]
REARRANGED TO SOLVE For \( v \):

\[ v = \s@rT{\FrAC{2MG}{C_p \rHO A}} \]
PLUGGING IN VALUES:

-\(m= 5.0\, \text{kc} )
-\(6=9.8\, \text{m/s}*2 \)
-\(C_p=05)\)

-\(\rHo = 1.225\, \1exT{kc/M}"3 \)
-\(A=0.025\, \text{m}"2 )

CALCULATIONS:

\[

v = \s@rT{\rrAc{2 \TiMes 5.0 \TiMes 9.83}{0.5 \TiMes 1.225 \1iMes 0.025}}
= \sqrT{\FrRAC{983}{0.0153125}}

= \sqrT{6402.6} \approx 80\, \TexT{M/s}

\]

THIS VALUE APPEARS HIGH FOR A SQUIRREL, INDICATING THAT IN REALITY, THE SQUIRREL’S ACTUAL TERMINAL VELOCITY MAY
BE LOWER DUE TO FACTORS SUCH AS NON-IDEAL SHAPE, POSTURE, AND UNSTEADY CONDITIONS. MORE REALISTIC ESTIMATES
FOR A SQUIRREL’S GLIDE SPEED ARE AROUND 10-20 M/s, wHIcH SUGGESTS THE ACTUAL \( C_b \) or \( A \) MIGHT DIFFER.

ReAL-\¥ ORLD CONSIDERATIONS IN SQUIRREL FLIGHT

ADAPTIVE FEATURES FOR FLIGHT

FLYING SQUIRRELS HAVE SPECIALIZED ADAPTATIONS:

- LARGE GLIDING MEMBRANES CALLED PATAGIA
- FLEXIBLE LIMBS AND TAIL FOR STABILITY
- LIGHTWEIGHT BONES AND BODY

THESE FEATURES OPTIMIZE THEIR AERODYNAMICS, REDUCING DRAG AND ENABLING CONTROLLED GLIDING AT SAFE SPEEDS.

ENERGY EFFICIENCY AND SAFETY

CONSTANT VELOCITY REDUCES ENERGY EXPENDITURE DURING DESCENT, ALLOWING SQUIRRELS TO:

- COVER DISTANCES EFFICIENTLY
- AVOID OBSTACLES
- LAND SAFELY WITHOUT EXCESSIVE DECELERATION

THEIR ABILITY TO ADJUST THEIR POSTURE AND MEMBRANE TENSION HELPS MANAGE AIR RESISTANCE AND CONTROL DESCENT
SPEED.

CONCLUSION

ANALYZING THE DESCENT OF A 5.0 KG FLYING SQUIRREL AT CONSTANT VELOCITY THROUGH THE LENS OF PHYSICS REVEALS A
REMARKABLE INTERPLAY OF FORCES. THE BALANCE BETWEEN GRAVITY AND AIR RESISTANCE EXEMPLIFIES NATURAL ADAPTATION



TO ACHIEVE EFFICIENT GLIDING. UNDERSTANDING THESE PRINCIPLES NOT ONLY ENHANCES OUR APPRECIATION FOR ANIMAL
BIOMECHANICS BUT ALSO INFORMS BIOMIMETIC DESIGNS IN ENGINEERING, SUCH AS DRONE AERODYNAMICS AND FLIGHT STABILITY
SYSTEMS. WHETHER STUDYING WILDLIFE OR DESIGNING ADVANCED AERIAL VEHICLES, THE PHYSICS OF STEADY DESCENT REMAINS
A FASCINATING AND VITAL AREA OF EXPLORATION.

FREQUENTLY AskeD QUESTIONS

\WHAT DOES IT MEAN WHEN A FLYING SQUIRREL IS MOVING AT CONSTANT VELOCITY
WHILE DESCENDING FROM A TREE?

[T MEANS THE SQUIRRELIS SPEED AND DIRECTION ARE UNCHANGING DURING THE DESCENT, INDICATING THAT THE NET FORCE ACTING
ON IT IS ZERO, WITH AIR RESISTANCE BALANCING ITS WEIGHT.

How DOES AIR RESISTANCE AFFECT A FLYING SQUIRREL DESCENDING AT CONSTANT
VELOCITY?

AIR RESISTANCE COUNTERACTS THE SQUIRRELIS WEIGHT, CREATING AN UPWARD FORCE THAT BALANCES GRAVITY, ALLOWING IT
TO DESCEND AT A STEADY, UNACCELERATED SPEED.

\WHAT IS THE SIGNIFICANCE OF THE SQUIRREL'S MASS (5.0 KG) IN ANALYZING ITS
DESCENT?

THE MASS HELPS CALCULATE THE GRAVITATIONAL FORCE ACTING ON THE SQUIRREL (\X/EIGHT = MASS X GRAVITY), WHICH IS
ESSENTIAL FOR UNDERSTANDING THE BALANCE OF FORCES DURING STEADY DESCENT.

IF THE SQUIRREL IS DESCENDING AT CONSTANT VELOCITY ;, WHAT CAN BE SAID ABOUT
THE NET FORCE ACTING ON IT?

THE NET FORCE IS ZERO BECAUSE THE DOWNWARD GRAVITATIONAL FORCE IS EXACTLY BALANCED BY THE UPWARD AIR
RESISTANCE FORCE.

How DO AIR PROPERTIES INFLUENCE THE DESCENT OF THE SQUIRREL AT CONSTANT
VELOCITY?

AIR PROPERTIES LIKE DENSITY AND VISCOSITY AFFECT THE MAGNITUDE OF AIR RESISTANCE, GREATER AIR RESISTANCE AT HIGHER
DENSITY HELPS MAINTAIN THE CONSTANT VELOCITY DURING DESCENT.

\WHAT ROLE DOES GRAVITY PLAY IN THE SQUIRREL,S DESCENT, GIVEN THAT IT IS
MOVING AT CONSTANT VELOCITY?

GRAVITY PROVIDES THE DOWNW ARD FORCE PULLING THE SQUIRREL DOWN, BUT SINCE THE VELOCITY IS CONSTANT, THE
UP\WARD AIR RESISTANCE EXACTLY COUNTERACTS THIS FORCE, RESULTING IN NO ACCELERATION.

CouLD THE SQUIRREL ACCELERATE DURING ITS DESCENT? \WHY OR WHY NOT?

NO, BECAUSE THE PROBLEM STATES IT IS DESCENDING AT CONSTANT VELOCITY, ACCELERATION IS ZERO, MEANING FORCES ARE
BALANCED AND THERE IS NO NET FORCE ACTING ON IT.



ADDITIONAL RESOURCES

A 5.0 KG FLYING SQUIRREL |s FLYING FrRoM A Tree DowN To THE GRoUND AT CoONSTANT VELOCITY: AN IN-DEPTH
INVESTIGATION

THE PHYSICS OF ANIMAL LOCOMOTION OFFERS FASCINATING INSIGHTS INTO BIOMECHANICS, AERODYNAMICS, AND ENERGY
CONSERVATION. AMONG THE MYRIAD CREATURES THAT DEFY CONVENTIONAL EXPECTATIONS WITH THEIR UNIQUE MODES OF
MOVEMENT, THE FLYING SQUIRREL STANDS OUT AS A REMARKABLE EXAMPLE OF GLIDING FLIGHT IN MAMMALS. THIS
INVESTIGATION EXPLORES THE SCENARIO OF A 5.0 KG FLYING SQUIRREL DESCENDING FROM A TREE AT CONSTANT VELOCITY,
WITH AN EMPHASIS ON THE PHYSICAL PRINCIPLES INVOLVED, PARTICULARLY CONSIDERING THE INFLUENCE OF AIR. THROUGH A
DETAILED ANALYSIS, WE AIM TO UNDERSTAND THE FORCES AT PLAY, THE MECHANICS OF GLIDING FLIGHT, AND THE IMPLICATIONS
FOR AERODYNAMICS AND ANIMAL PHYSIOLOGY.

INTRODUCTION

FLYING SQUIRRELS (FAMILY SCIURIDAE, SUBFAMILY PTEROMYINAE) ARE RENOWNED FOR THEIR ABILITY TO GLIDE EFFICIENTLY
THROUGH THE AIR, COVERING IMPRESSIVE HORIZONTAL DISTANCES WHILE DESCENDING FROM HEIGHTS. UNLIKE BIRDS OR INSECTS,
THEY DO NOT POSSESS POWERED FLIGHT MECHANISMS BUT INSTEAD RELY ON EXPANSIVE GLIDING MEMBRANES KNOWN AS

PATAGIA, WHICH EXTEND BETWEEN THEIR LIMBS AND BODY.

IN THIS SPECIFIC SCENARIO, A 5.0 KG FLYING SQUIRREL IS DESCENDING FROM A TREE AT CONSTANT VELOCITY. THIS RAISES
INTRIGUING QUESTIONS:

- How DOES THE SQUIRREL GENERATE AND MAINTAIN A CONSTANT DESCENT SPEED?
- WHAT ARE THE FORCES INVOLVED, ESPECIALLY CONSIDERING THE RESISTIVE EFFECTS OF AIRP

- WHAT IS THE ROLE OF THE SQUIRRELIS MORPHOLOGY AND GLIDING SURFACE IN ACHIEVING EQUILIBRIUM?

BY ADDRESSING THESE QUESTIONS, OUR INVESTIGATION AIMS TO ELUCIDATE THE PHYSICS BEHIND THIS NATURAL PHENOMENON,
WITH POTENTIAL APPLICATIONS IN BIOMIMICRY, AERODYNAMICS, AND BIOMECHANICS.

FUNDAMENTAL PRINCIPLES OF GLIDING FLIGHT
FORCES ACTING ON THE FLYING SQUIRREL
\W/HEN A FLYING SQUIRREL GLIDES DOWNWARD, THE PRIMARY FORCES ACTING ON IT ARE:

- GRAVITY (WEIGHT, W ): ACcTS DowNwARD, EQUAL To \( W =Ma \), wHere \( M \) 1s Mass anp \( G \) I1s
ACCELERATION DUE TO GRAVITY.

- DRAG Force (AIR ReSISTANCE, D): ACTS OPPOSITE TO THE DIRECTION OF MOTION, DEPENDENT ON THE SHAPE, SIZE, AND
VELOCITY OF THE SQUIRREL, AS WELL AS AIR PROPERTIES.

- LIFT Force (L) ACTS PERPENDICULAR TO THE DIRECTION OF MOTION, GENERATED BY THE AERODYNAMIC SHAPE OF THE
PATAGIA.

IN TYPICAL GLIDING, THE SQUIRREL’S BODY AND PATAGIA CREATE LIFT, ALLOWING IT TO GLIDE AT AN ANGLE, RATHER THAN
FALLING STRAIGHT DOWN.

EQuiLieriUM AT CONSTANT VELOCITY
SINCE THE SQUIRREL IS DESCENDING AT CONSTANT VELOCITY, IT IS IN A STATE OF DYNAMIC EQUILIBRIUM. THIS MEANS:

- THE NET FORCE ALONG THE DIRECTION OF MOTION IS ZERO.
- THE AERODYNAMIC LIFT AND DRAG BALANCE THE COMPONENT OF GRAVITY.



MATHEMATICALLY, IF \( v \) IS THE CONSTANT VELOCITY, THEN:

\l

\TexT{ALONG THE GLIDE PATH:} \QuUAD W \sIN \THETA =D
\]
\[

\TExT{PERPENDICULAR TO THE GLIDE PATH:} \QUAD W \cos \THETA =L

\]

wHERE \( \THETA \) IS THE GLIDE ANGLE.

QUANTITATIVE ANALYSIS
CALCULATING THE WEIGHT

GIVEN:

\[

M= 5.0 \Text{ G}

\]

\[

6 =9.81\text{ M/s}"2
\]

THE WEIGHT:

\[
W =mc=50\TiMes 9.81 = 49.05 \TexT{ N}

\]

AIR PROPERTIES AND DRAG COEFFICIENT
ASSUMING STANDARD CONDITIONS AT SEA LEVEL:
- AR DENsITY: \( \rHO \APPrOX 1.225 \TexT{ kc/M}"3 \)

THE DRAG FORCE IS MODELED AS:

\[

D = \rrAc{13}{2} \rHO V"2 C_ D A
\]

WHERE:

-\(C_D\) IS THE DRAG COEFFICIENT, DEPENDENT ON SHAPE AND SURFACE ROUGHNESS.
- \(A'\) IS THE REFERENCE AREA, TYPICALLY THE PROJECTED AREA OF THE PATAGIA AND BODY.

ESTIMATING THE GLIDE VELOCITY

SINCE THE SQUIRREL DESCENDS AT CONSTANT VELOCITY, THE DRAG FORCE BALANCES THE COMPONENT OF WEIGHT ALONG THE
GLIDE PATH:

\[
D =W \sIN\THETA
\]



IN MANY GLIDING ANIMALS, THE GLIDE ANGLE \( \THETA \) IS SMALL, OFTEN IN THE RANGE OF 10-20°, INDICATING A
RELATIVELY SHALLOW DESCENT.

Suppose THE GLIDE ANGLE \( \THETA = 15™\cIrc \):

\[
W \sin 15"\ circ \aPProx 49.05 \TiMes 0.2588 \approx 12.7 \TexT{ N}

\]

THIS SUGGESTS:

\[
D \approx 12.7 \TexT{ N}

\]

Now, soLving For \( v \):

\[

D = \rrAc{1}{2} \rHO V"2 C_ D A

\]

\[

v = \s@rT{\rrAC{2D}{\rHO C_D A}
\]

ASSUMING TYPICAL VALUES FOR A FLYING SQUIRREL:

-\( C_D \approx 1.0 \) (A ROUGH ESTIMATE FOR A MAMMALIAN GLIDING SURFACE)
-\C A \approx 0.2 \TexT{ M}"2\)

PLUGGING IN THE NUMBERS:

\[

v = \sQrT{\rrAc{2 \TiMes 12.73{1.225 \1iMes 1.0 \TiMes 0.23} \approx \s@rT{\Frac{25.43}{0.2453} \approOX
\sqrT{103.67} \approx 10.18 \TexT{ M/s}

\]

THIS ESTIMATE SUGGESTS A DESCENT VELOCITY OF APPROXIMATELY 10 M/S AT A GLIDE ANGLE OF 15°.

AERODYNAMIC MECHANICS AND MORPHOLOGICAL CONSIDERATIONS
THE RoLE oF PATAGIA

THE PATAGIA (GLIDING MEMBRANES) ARE CRUCIAL FOR GENERATING LIFT AND CONTROLLING DESCENT. THEIR SHAPE AND SURFACE
AREA INFLUENCE THE AERODYNAMIC COEFFICIENTS AND, CONSEQUENTLY, THE GLIDE VELOCITY AND STABILITY.

- SURFACE AREA: LARGER AREAS INCREASE LIFT BUT ALSO INCREASE DRAG.
- SHAPE: THE CURVATURE AND TENSION IN THE MEMBRANES AFFECT THE FLOW PATTERNS AND \( C_D \).

LIFT-To-DrAG RATIO

THE EFFICIENCY OF GLIDING IS OFTEN CHARACTERIZED BY THE LIFT-TO-DRAG RATIO \( L/D \)

\[
\FRAC{L}{D3} = \rrac{W \cos \THeTa}{D}
\]

GIVEN THE PREVIOUS ESTIMATES, THE \( L/D \) RATIO CAN BE APPROXIMATED:



\[
L =W \cos 15™\circ \apProx 49.05 \TiMes 0.9659 \arrrox 47.4 \TexT{ N}

\]

\[
L/D \approx \Frac{47.4}12.73 \aprrox 3.73

\]

A HIGHER \( L/D \) RATIO INDICATES MORE EFFICIENT GLIDING, ALLOWING LONGER HORIZONTAL TRAVEL FOR A GIVEN VERTICAL
DROP.

PHYSIOLOGICAL AND EVOLUTIONARY IMPLICATIONS

ADAPTATIONS FOR EFFICIENT GLIDING

FLYING SQUIRRELS HAVE EVOLVED SPECIALIZED FEATURES TO OPTIMIZE THEIR GLIDING PERFORMANCE:

- LARGE PATAGIA: PROVIDE AMPLE SURFACE AREA FOR LIFT.

- FLATTENED BoDY: MINIMIZES DRAG.

- TAIL: ACTS AS A RUDDER FOR STABILITY AND CONTROL.

- MuscLE CoNTROL: ADJUSTS MEMBRANE TENSION TO MODIFY GLIDE ANGLE AND SPEED.

ENErGY CONSIDERATIONS

GLIDING ALLOWS THE SQUIRREL TO CONSERVE ENERGY COMPARED TO POWERED FLIGHT. THE INITIAL KINETIC OR POTENTIAL

ENERGY IS CONVERTED INTO AERODYNAMIC FORCES THAT SLOW DESCENT, ENABLING CONTROLLED, ENERGY-EFFICIENT MOVEMENT
THROUGH THE CANOPY.

ENVIRONMENTAL FACTORS AND V ARIABILITY
AIR DENSITY AND WEATHER CONDITIONS
V ARIATIONS IN AIR DENSITY, DUE TO ALTITUDE OR TEMPERATURE, IMPACT THE DRAG FORCE:

- LOWER AIR DENSITY: REDUCES DRAG, POTENTIALLY INCREASING GLIDE VELOCITY.
- WIND CONDITIONS: CROSSWINDS OR TAILWINDS CAN ALTER GLIDE PATH AND EFFECTIVENESS.

IMPACT ON FLIGHT STABILITY

TURBULENCE OR GUSTS CAN DESTABILIZE THE GLIDE, REQUIRING THE SQUIRREL TO ADAPT ITS MEMBRANE TENSION AND TAIL
MOVEMENTS FOR STABILITY.

CONCLUSIONS

THE SCENARIO OF A 5.0 KG FLYING SQUIRREL GLIDING DOWNWARD AT CONSTANT VELOCITY OFFERS A COMPELLING CASE STUDY
OF MAMMALIAN AERODYNAMICS. THE KEY TAKEAWAYS INCLUDE:

- THE FORCES OF GRAVITY, LIFT, AND DRAG ARE BALANCED DURING STEADY DESCENT.

- THE ESTIMATED GLIDE VELOCITY AROUND 10 M/S ALIGNS WITH OBSERVED DATA FROM REAL-\WORLD STUDIES.

- MORPHOLOGICAL FEATURES SUCH AS EXTENSIVE PATAGIA AND TAIL CONTROL ARE CRITICAL FOR GENERATING SUFFICIENT LIFT
AND STABILITY.

- AIR PROPERTIES SIGNIFICANTLY INFLUENCE GLIDE PERFORMANCE, EMPHASIZING THE IMPORTANCE OF ENVIRONMENTAL CONTEXT.

UNDERSTANDING THESE DYNAMICS NOT ONLY ADVANCES OUR KNOWLEDGE OF ANIMAL BIOMECHANICS BUT ALSO INSPIRES



BIOMIMETIC DESIGNS FOR SMALL-SCALE GLIDING DEVICES OR DRONES. THE FLYING SQUIRREL EXEMPLIFIES NATURE'S INGENUITY IN
HARNESSING AERODYNAMICS TO ACHIEVE EFFICIENT, CONTROLLED MOVEMENT THROUGH COMPLEX ENVIRONMENTS.
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