BIG IDEAS ABOUT SURFACE AREA AND VOLUME by Jay Hosler (c)

HE'S A GRASSHOPPER 1
HE IS BIGGER THAN You.

HARVEY
SAID HE WAS
BIGGER
THAN ME.

M
WATERING
FYSELE

uh.. WHAT
ARE You

YEAH,
BUT HEe
SAID IT 1IN
A REAL
MEA

Yes,
1 goT
THAT, BUT
THIS WON'T
WORK.

ANMDWHEN ITM AS BIG AS
A SKYSCRAPER I'M GONMY
GO RIGHT UP TO HARVEY

S0, YOU'RE I'M
WATERING || GONNA

YouRSELF? /| GROW LIKE
A PLANT.

Don'T TRY To STICK ME LOoOK, IF You Realy
WANT To TRY To GET

SHOWD T ADp
INTO OME OF YOUR SCIENTIFIC
ENORMOUS, WE CAN TEST

SOME RADIATION
AND TOXIC WASTE You'R "CATEGORIES, EDNA. T CAN
To THE WATER? 03 HE BE ANYTHING T WANT THE NEw RESIZE-A-FIER
Gﬁ IF T PUT MY TUND pevice T JusT BUILT,
e To \T!

WILBUR,




You JUsT NEED To SIGN
THESE FORMS FIRST

LIABILITY WAIVERS. THeY
EAPLAIM THE RISKS OF THE
PROCEDURE AND ABSOLVE ME
OF ALL BLAME IN THE
CASE OF YouR UNLIKELY,

CATASTROPHIC DEATH,

WHAT
RI9KS?

JUST A
FORMALITY.

YOU'RE

DoDEING
THE

QUESTION.

THERE ARE
STile A FEW
MINOR
IS5UES Wi
SURFACE AREA
To VOLUME
RATIoS,

OH,YeAH? WelL, TM NOT

GONNA SIGN ANYTHING
UNTIL YOU EXPLAIN
"SURFACE AREA To o

VOLUME RATIOS!

WELL,
\F You
IMSIST,
How CAN

T ResIsT?




CELLS AND THOSE CELLS
NEED To INTERACT WITH
THE ENVIRONMENT.

LET'S canamm! OXYGEN l
HOWw THIS WORKS L/ DIFFUSES THRoUGH

£ THE SURFACE
OR OXYGEN. MEMBRANE

OF THE CeLL
OMIT'S wiay

T0 THE
MITOCHONDRIA

LET'S START WitTH THE THEY MNEEP AND THEY

EEEB&ELENJ% FM;REHM T% E$é%%: i MEED TO GET
ANISMS

MADE OF ONE OR MORE AnD NUTRIENTS )\ RID OF WASTE.

HOWEVER, OXYGEN'S BIGGER
r-‘i‘?rh“c?é{ﬁﬁﬁs“af% ® EE:E?R‘
| GHT?
BY THE SIZE OF THE Ri

CELL oR, ORGAMISM. BIGGER

5 ALWAYS
BETIER.

NI TROGENDUS
ConpPoumDs,




THIS 1S AN ABSOLUTELY
FICTioNAL , COMPLETELY MADE -UP
SQUARE, SINGLE-CELLED
ORGANIS™M THAT ERISTS
SOLELY AS AN EXPLANATORY
DEVICE.

1™ GONNA
CALL HIM
BLOCKIE

MeBLOCKERSON.

SINCE EACH OF BLOCKIE'S
SIA SIDES ARE |N DIRECT
CONTRCT WITH THE
ENVIRDNMENT, HE CAN
USE HIS ENTIRE SURFACE
TO GET ORYGEMN.,,

HE's
ADORA %E
WHEN HE
\WAGS HIS
FLAGELLUM.

MANBE We SHOUD GO

CAN GO PoTry.

FOR A WALK S0 BLOCKIE




MAYBE HE N/ BUT, You  SURe, Bur BLOCKIE ONY  CoulD MORE
ISN'T GETTInG [ SAID OXYGEN  HAS 50 MUCH SURFACE OXYGEN GET IN
ENouGH C?EILD D DIFFUSE  AREA. MAYBE HE HAS IF He HAD MoORE

OXYGEN. f ENOUGH SURFACE AREA To ?
SIDES. GET ENOUGH OXYGENTo Do [N ETBRANE? YES,

BASIC STUFF, BUT NOT ENOUGH TEGHNICALLY,
SURFACE AREA TO LET N BUT...

ENOUGH OXYGEN TO
BE HIGHLY ACTIVE?

|\

THEN IT'S EASY! WE JUST T InNCIoT/
USE YOUR RESIZE-A-FIER o INOID I
To MAKE BLockIE

BIGGER.

[

BETTER
TAKE ©FF
HiS LEASH.

He ProBABLY
DOESN'T FEEL
S0 GOoD.

SOMETHIMNG
m&%ﬂrseﬁ M
Size, 175 VOwHe
INCREASES FASTER
THAM T3
SuUR FACE
AEEA.

hoa,
Blockie,




YOU'RE GONNA OKAY, FIRST, \/_L/’/Hs A CUBE, HE
NEED To EXPLAIN LET'S COMSIDER HAS SIX SIDES AND

THAT. BLOCKIE'S SURFACE EACH SIDE 1S A
AREA, SQUARE.

[ToTAL SURFACE AREA

To GET BLOCKIE'S ToTaL

SURFACE AREA, WENEED To
MULTIPLy THE AREA OF ONE
SI0E BY s1%:

VOLUME

To FIND BLOCKIE'S VOLUME,
WE MULTIPLY HIS LENGTH
BY WIDTH BY HWEIGHT

LET'S IMAGINE THAT
THE LENGTH OF OME
SIDE 1S lcm. THAT
MEAMS THE AREA OF
ONE SIDE Is:

1':1"'1- e 11:'r'n. =

1c'r*r~2
@ F—=1cm

=lem? b =

@) cm?

ToTAL SURFACE AREA

WHEN THE LENGTH OF

A SIDE 1S 10cm WE GET: VOLUME

mmi;ot::m ] ‘ t@D-—' 100cnt x 6 = @ *10cm* 10cn 100

-] 600.

HEN THE LENGTH IS
Ocm, THE AREA OF
OME SIDE 15:

20{.111 X 20em =
00 cm2

dh_ ALL oF THE VoLUME

QF s
@ _[ Nurigers ARe course, BUT  getrinNg BIGGER
. 3 () INCREASING, EDNA. FASTER.



< 8ooo WHEN WE BUT AT 10cm, /@
s PLOT THE DATA, THE VALVE FoR :
~ WE SE€ AN VOLUME HAS /
w 70004 | INTEReSTING INCREASED :
5 RELATIONSHIP. MORE THAN /S AND AT
D mgoum.ue R J
RFACE / 10 em, THe
5 @000 ¢ AREA. . VALVE FoR
= / VOWMeE 1S
AT lcm, ; MORE THAN
50001 [ VALVES For / 3 TINES
=2 SURFACE / LARGER THAN
™ AREA AND / SURFACE
— 4o WaLuMme .
& 00 ARE PRETY /
K7 SIMILAR. .
< /
L 30001 g
< V4
N / L&
w 2000+t L Pl
o / -
< . _,.-"‘"'P
-
% 1000 } ____'_é -
'....,t -
.'._____..-- -
“ =T &

lcm 10cm Zlﬂ'crr;

S50, AS BLCKIE GET'S EvEM THOUSH ALL OF
BIGGER, HI15 SURFACE AREA HIS SIDES ARE IM DIRECT
CAN'T [MCREASE FAST . CONTACT WITH THE

ENoUGH To KEEP UP WITH ENVIRONMENT, HiS

THE NEEDS OF HIS (NSIDES ARE NowW S0
EXPANDING VoLUME ! VA%T THAT OXYGEN
CaN'T DIFAISE 10 Al
oF HIS MITocHONDRIA.

PANLC. HE
WoN'T HAVE
TMEe 1o

SUFFOCATE.




WHY Dip You

BECAUSE You
INSISTED

|!F WE WANT To TRKE BLOCKIE
FOR A wWALK, WE NEED A
WAY TD INCREASE HIS
SURFACE AREA WHILE
MiMIMIZING AN INCREASE
IN VOLUME.

SOUNDS

IMPOSSIBLE.

LET'S START
AGAIN.

IMAGINE

You HAVE

BLOCKIE
BACK.

C'MON, You DIDN'T EEN
TRY. T'LL GIVE You A HINT:
THE ANSWER TD THIS
PROBLEM RHYMES
WITH "HOLDING. "

BLOCKIE,
NOT AGAIN,

BAD

CELL! B

SHAME!
SHAME! |




T WE SURE
ch:ﬁma FOLDING,. CAN Do ) [ T 9usT NeeD
. TO SET THE
T;’.E SOLUTION RESIZE-A-FER
IS FOLDING TO “FOLD"
THE MEMBRANE

INOM ITSELE,

BY FOLDING THE MARE SU
MEMBRANE WE CAN MEAMS H%Fég Ea?‘ﬁfgm
INCREASE THE AMOUMT &2 CAN DIFFUSE (NTD THE
GTNSLAEFAEE AREA CELL. THAT MAKES IT
alvEM POSSIRLE To CONSUME
MORE GLUCOSE MAKE
MORE ATP AWD..

SoME (CELLS
JUST DON'T LIKE
To BE BLOWN-UP,
T GUESS. gyt pon'T
.THE CeLL BE SAD. WE
g Do HAVE LOTS

MORE TO

MORE.
ERPLAIN.




FOLDING 15 AN ——
IMPORTANT WAY MANY — — %%%;EHL:{IJ%?BUTL}*EE
CEUsS INCREASE ) OF THE VERTEBRATE
THEIP% SURFACE KIDNEY ARE HIGH LY

REA. FOLDED 50 THAT
THEIR MEMBRANES
CAN HoLD MORE. oF
THE CHAMMELS,
PORES AMD TRANS -
PORTERES NEEDED
T0 EXTRACT
VALUABLE MATERIALS
FRoM THE URINE

BEFORE IT'S

EXCRETED.
THAT'S NEAT,BUT Se wHAT? | | You To CReATEY ~ o
ALL T WANTED WAS T0 BE | [WOULDN'T THEN ~<] DRAMATIC ver
AS BIG AS A BULDING, € APLODE. WHY DID TENSION L/ / creating

BUT Now I SEE THATIS
1MPGSS1ELE BECAUSE

I'D JUST EXPLODE.

tension

~ou SHow Srght...

ME THIS?

MO
MAaGiNE
~ou Hap
BLoCcKIE

Bacg!




You ENOW HE'LL
EXPLODE IF WE
SUPER-S1ZE HIM.

CAM
YOUu THINK
OF ANY OTHER
WAY To MAKE

T DUNNG.
Pur EM
INA PILE?

CLOSE! To GET BIGGER
BLOCKIE MUST BECOME A
MULTICELLULAR
ORGANISM.

NO NEeD
To WORRY
ABOUT THAT:

HIS INSIDES WiLL
WITHER AND DIE
FIRST,

56 OF THOSE CELLS ARE
IN DIRECT CONTACT wiTH THE
ENVIRONMENT.

WELL, HE'S
MaDE OF &4
CELLS NOow,
RIGHT?

ARE IN GoOD SHAPE

SURE. THE 56 (CELLS
oM THE Du*rsmr.;‘)

BUT THE B CELLS ON_THE
INSIDE ARE BYRIED, CUT OFF
FROM ANY DIRECT CONTACT
WITH THE ENVIRONMENT.




HOow
ouULD
ou LET
THAT
HAPPEM?

WE NEED
To GET OXIGEN
To THoSE CeEls!

WHAT IF WE
REARRANGE HIS
CELLS SO THAT THEY'RE

IN A ™IN LAYER?

FLATTENING 1S ONE
SOLUTION NAURAL SELECTION
Has FounD T0 HELP

ORGANISMS MAYIMIZE
THEIR SURFACE AREA.

MOW ALL OF BLOCKIE'S
CELWS ARE W DIRECT (ONTACT
WITH THE EMVIRONMENT




BUT BLOCKIE
ISN'T VERY ..
BLocky

WE

CAN MAKE

Frir BLOCKY
AGAIN.

But we
STILL NEeD
TO GET
O GEN
2

IMSIDE.

COULD WE
PUT.. TUBES
W HiM?

A METWORK 0F BRANCHING
TUBES THAT ARE CONTINUOUS
WiTH THE ouTSIDE SUR FACE
INCREASES SURFACE AREA
anD BRIMGS THE _
EN VIRGNH%‘I’

DoES THIS
PARTICULAR
SOLUTION
REMIND
You OF
ANYONE?

HERE. PUT THESE
TINY CORKS INTD THE
HOLES oM THE SIDES
OF YOUR BoDY.

SOUKDS
STRANGE, BUT
T'w Do 1T

You BREATHE
THROUGH THOSE
TINY HOLES.

what
happened?




YouR
SPIRACLES LEaD
To TUBES CALLED

TRACHEA.

THOSE
TRACHEA
BRANCH
THROUGHOUT
YouR ENTIRE
'BDD‘{,
DELINERING
oXeeN To
ALL OF YOUR
CELLS,

TRIED TO

SUFFOCATE
Me?

WERE TALKING
ABDUT SURFACE

PLUGGING
TOUR TRACHEA
WAS RELEVANT.

EDNA? ONE OF US
1S CLUELESS, AND

T DON'T THINK, ITS
ME THIS TIME.

LET'S IMAGIME
BLOCKIE 15 A CELL
DEEP INSIDE
“ou.

He'u ¥ BE
ParRT OF MY




RIGHT NOW,
THINGS ARE
PRETTY GooD
ForR BLOCKIE.

OX{GEN IS
DIFFUSING INTD
YOUR TRACHEA

CELLS ALONG THE

TRACHEA ARE

ABSORBING WHAT
THEY MNEED.

AND THERE 15
ENOUGH OXYGEMN
LEFT |4 THE AIR
WHEN IT REACHES
THE €ND OF THE
TRACHEA FOR
BLOCKIE To BE
HEALTHY.

MNow,
LET'S MAKE




HERE I
COME,
HARVEY!




Wha... €

CANT..GET.
~UP.

NEAH, YOUuR
EXOSKELE TON
CAN'T SUPPORT
YOUR WEIGHT
AT THIS

wew, T Coud
MAKE YOUR
EX0 EKEEL%IQ%N
THICKE
STRONGER, BUl |
THEN You WOULDN'T

HAVE THE

STRENGTH

To UFT

IT.




——

==~  THIS...
—ﬁ; TE RR[BLE

a"-ﬁ-—-

o =

YERH, You've
GoT IT BAD, BUT
HoT As BAD
AS BLOCKIE.

WHEN You
GOT BIG, Your
NOLUME INCREASED
FASTER THAN
YOUR SURFACE
AREA.

EL'D(.KIE
IS STl

.. BUT Now

He's H
_ Fnamgnug'ww




1':rﬂn.LL OF Tﬁgr Exﬂaﬂ
OLUME ANS Yoo
TRACHEA NEED To [
BE LONGER TO
KEACH DEED INSIDE
You, PLUS, MNowd
THERE ARE MaNY
MORE ceLLs
BeTweeN Buack e
AND THE AIlR,
OUTSIDE,

e

A5 A RESULT, THOSE
EXTRA CELLS GOBBLE
UP ALL OF THE
OXYGEN ANMD THEKE
ISHM'T ANY LEFT IM
THE AIR BY THE
TIME |T KEACHES
Blackle AT THe
ENMD OF THE

TRACHEA.

&




OKAY, GIMME
A MINUTE.

T DROPPED THE
RESIZE-A-FIER
WHEN You GaT
BIG AND IT

A\ AS FAST AS &
g T CAN, A




BUT, T HAVEN'T
RECALIBRATED
THE SETTINGS
FOR SURFACE
AREA TO
VOLUME
RATIOS !

OKAY,BUT
THIS IS A
RECIPE FOR
DISASTER.

HA! YOU WORRY To MUCH ,EDNA. IT
WORKED GREAT. THE ONIY SIDE

EFFECT SEEMS TO BE THAT T AM
VERY, VERY HUNGRY. LET'S GET
SOMETHING TO EAT.

uh...what
did you have
3] mnd...?




T KINDA
FEEL LIKE
PANCAKES




