General calculator use, functions, and tips

X all instructions in this guide ate for TI-84 Plus
but most graphing calevlators will have similar inpvts and {unctions

E Clcarin\g all RAM from calcolator X Required before all calculator exams

S “7: Reset..” ;A RAM" “Z:Reset” —> show RAM Cleared” sereen b proctor
@ convert decimol to fraction @ convert fraction to decimol
G “I: DFm;‘ NS "2= PDec.‘
@ convert normal valve to scientific notation @ convert scientific notation to normeal valve

L@ s @D () C @D Cwornat

@ Store valves into memory @ (etrieve valves from memory

G @ choose any letter, ex: s chosen letter, ex:

§ writing in scientific notation , ex: 6.02 210"
S oz @
2 2
8 Cortecting mistakes instead of re-inpotting, ex: (56-62)" shoud be (5b-64)
G @ edit 2 to 4 (ente)
@ only round velues ot the very end to avoid fovnding errors

§ before entering data into lists, clear list data to prevent aa:uhhly leawng- in_previous valves

S “Y:ClrAllLists”




AZ.2 Converting measured, actual, and magnified valves from micrographs

number of kimes larger <— maani(’ication= measured size of image (M) — [

a specimen appears (Haa) actval size of specimen (A) —> in reality
ex: Determine the magnifica tion ( given scale bar)
@ measure Scale bar with ruler 25mm
@ convert into the units given 25mmx 10° = 2.5%[07mm
® calculate using 'MagMA' Moﬁ:ﬂ = 2.5x0'"nm = 250000x
A 100 nm
ex: Determine the magnifica tion ( givea actual s.'ze)
@ measuce length with ruler 4] mm .
@ comert into the units given 4] wm % 10° = ‘“: 10 pm
calculate using 'MGJMA' Mag= M - 4ixi0wm - 1800x
A 13 ym
ex: Delermine the actual lmgﬂ\ (3;ven magni fica Eian)
measuce length with ruler T4 mm
convert to appropriate units Mm% 10° = 7-"{';!/0 pm
@ calculate using ‘MASMA' A=_M_ = 9410 pm 1.5 ym
Maa 62,800

AL2 Calibrating cyepicce graticole

1 Div. = 0.0lmm

20 30 40

/ Shje micrometer : slide with divided scale marked on its surface

eyepiece 3ra’c,iculci 3radua£cc) Scale placec) inside eyepiece lens. @

oo ® align. graticule with stage micrometer in [0 stage micrameter divisions
B 4 @ Count how many divisions on 1he there ace 3| Sra{.iculc divisions
| graticvle correspond to a set number o :3|
L SR of miccometer divisions 10(0.0lmm) * 31 divisions
. ° tViSI
calculate valve of one graticole division 0.1 /31 : | division

5 0.0032 mm or 3.2pm = | division
ek use calibroted graticole {o defermine actval length of cell

‘ I ’ I ‘ \H‘] HH‘ HHH‘ \WH‘ HHH‘ HH‘H
o 10 1k 50 50 70 10 10 10

cell length = 22 units
graticule division= 3.2 pm X calibration needs to be done
2% 32pm = 704 pm for each objective lens
i.e. for each ma&niﬁCaHon



AL2 Creoting o scale bar for a drawing given groticole seale

ex: graticwle vnit = 25 pm
@ measure length of specimen vsing graticule
@ Convcrt ltnsﬂt ‘:O }J.m_
calevlate length as 20% of specimen length
dfaw specimen and measure length of drawing
® calcwloke length of scale bar
@draw line for scale bar 20% the len@H\. of drawing

length of specimen = Z.1 geaticale uaits
2.l x2L5pm = 52.5 ym

20% =10.5 ym =~10ym

2 drawing = 96 mm

0ym =_2% = 18.3mm
525pm  1bmm

bar 18.3 mm represents /0 pm

10pm

A4.2 Caleolating biodiversiky using Simpson's reciprocal index

Simpson's reciprocal index calcolates biadiversity, by accounting for both species richness and species evenness

> species richness : number of different Species present in an area

S species evenness: (elative abundonce of the different Species present in an area

Diversity index (D) = N(N-1) N = total nomber of organisms of all species
)X n(n-1) n = number of individvals of a particwlar species

ex: determine which. community, Aoc B has a higher biodiversity

A o
e ™ pr

%xg@w
e N o 0f

Monkey Eagle Rhino Zebra

Species n a (n-1)
monKey 3 b
caale 5 20
rhino Y 12
2ebra 5 20
ToTAL 17 58

D= 13(17-1) - ye3
58

Species n a (n-1)
lion 2 2
monKey 4 12
cagle 5 20
rhino 3 b
_zebra 5 20
ToTAL 19 60

D= l?(”") = 530 «~ commvnity B has

60 hgher species
dl'llﬂ’Sl'e)l




Bl.l Convert between S! units

p moltiply (valve qets Iarqer)
divide (value qets s-maller) |
sc notation 1o-*? 10°° 1o-* 102 10 10°
SI P’eeixes nano micro milli th' K”O me‘,a
symbol n m m c K M
ex: 0.025 Km is how many micrometers?
/"mulh‘ply

D find the. diference beheen km and pm  km=z10°  pm: ID': , 3-(-0)= w0’
vse dimensional analysis 0.0ZSI}A X 10" ym = Z.5XIO7,IM

| ke

ex: 22.3pm is how many centimeters ?
> divide
D find the difference behween nm asd cm  mm =107 cmewt . 9-(-2)= 107
vse dimensional analysis 203pm y | em - 223 %10 "em

?
10" o

B2.3 Sucface acea fo volume ratios

Cells can be modeled as simple shapes, such a5 cubes or rectragolar prisms 1o investigates how ralios chage
with increasing side lengths. Surface area: volvme catio is positively corvelated with rate of cell membrane exchange.

ex: which of the -('a"ouh\, cells would have the greatest rate of 0iffusion ocross its membrane 7

20mm M 5mm 40mm
20mm 20mm @ I20mm 20mm
20mm ‘/;Omm 20mm A/ZZ)mm
SA = 6(20%20) SA = 4(20x10)+ 2(10+10)  5A = 4(5x20)+2(20+20) SA = Y(40+20) + 2(20+20)
2400 em? 1000 ¢m? 1200 ¢m? 4000 ¢m?
Vol= 20x20 x 20 Vol= 20|02 10 Vol= 20x2015 Vol= 40 %202 20
3000 cm® 1000 cm® 2000 em® 16000 em®
SA/vol = 0.3 SA/vol = 0.5 SA/vol = 0.6 SA/vol = 0.15
SA:vol = 3:I0 SA:vol = 1:1 SA:vol = 3:5 SA:vol = 14

X convert decimal fo ratio on calculator:

(] ) 3
0o ED "1:rFu’ = = = 3:5




B3.1 Meosvrement of lung volumes

Spifome{;efj: test of lung function including lung volumes and ventilation rate

graph analysis:
- IRV
E Tidal volome (TV) = 10mL
£ TV|VC Inspiratory reserve volume (IRV) z 30mL
_§ Expiratory reserve volume (E.RV) = 20 mL
Ex ERV Vil copocity (VC) =10+ 30 +20 = 6OmL
10|
o : - , , . Ventilation cate = 3 breaths /l0s
10 20 30 4o = 0.3 breaths /s
time (S) = |8 breaths /min

B3.] Determine stomatal density

Stomatal density = number of stomata per unit area (rwri® or pm’z) of a leaf Surface

ex: a leaf cashn\g was performed and the -co"ouirm micragraph. produced. Stoge mictometer calcololes the
diameker of the field of view at 400x magnification fo be 0.46mm. Colcolate Stomatal density

7

,/{.lgq & @Calculate radivs of FOV r=d/2 = 0.4emm /2 = 0.23mm

‘:/i’// s ' e - @Calculalze F.0.V. area. FOV. acea = T2 = T (0.23mm)* = O.1bbZmm®
‘*;, & % @Calculal:e Stomatal density total stomata /acea = 12/0.1662 mm®

® . @ 2 71 stomata per mm

B3.] Colcolate rote of transpiration using potomety ~ ~ extra; not explicitly required

rate of hanspir::tion.: the volume of water lost by a plant via +ranspira£ion over time

ex’ o plants tanspication rate was investigated using o potometer. In 5 minvtes, the air bubble moved
3.2mm throggh o. 3mm diameter capillary tbe. Calevlate its rate of tmnspication per minvte.

@ Calcvlate radivs r=d/2 = 3mm /2 = 15mm
@ Calcolate rate of tanspication transpication rate = volume watec (mm’z
time (min.)

= irdd =L (l.5mm)1(3.1 mm) - 45 mm®min”!
t 5 min




B3.2 Measurement of pulse rates

pulse rate ° Frcquency of pulses which cquates to heart beats
typically measured per minute (bpm o beats pec minute)

ex A stodent messored dheir poise after an exercise. They counted ZI beats in 0 seconds. Colcolote bpm

2l beats , 605 = 2bbpm
0 & | min

€x: graph shows changes in pressure in differcnt parks of the heart over a period of one second. Colculate bpm

* aorta
o one complete cycle takes 0.8
S
Sl le€t ventricle
$ | heatt beat o 605 = F5bpm
4 left adrivm .
g 0.8 ¢ | mn
. N\ -
_zo 01 0 03 04 05 06 07 08 09 JO x feadl'ﬂs ‘”IIS eype Drgrafh 1S AHL
Time (8)

B3.2 Measurement of blood pressure  AHL

blood pressure : pressore exerted on ackerial (aorkic) walls, fypically expressed os the maximom. over minimom

blood pressure = sysbolic. —> arkecial bload pressure is at its maximom, during systole
diasllic —> arterial blood pressure is at its minimum, during diastole
ex-
...... systalic bload pressure (;zo,m"’)
................. ....................... dliasholic bload pressure (80muH,)

systole . dushols | systole

(A%

diaskolic bload pressure (30mmHg)

£

E Systolic bload pressure (lZOmmHg)
A W

14

%, 80 ; E

one heartbeat




B3.2 Correlation coefficient intecprebation

Correlotion. cefficieat (r): quantifies conelation and the shergth of o linear relationship between Fwo variables

G posi!:ive. = positive correlation and vice-versa. - | and -1 = pel&c.l‘. correlation $o- no correlation
s N 4 3 . : .. ° 8 : ° '. o o .
X X
05 <Kr<| 0.3 <r< 05 0<r<0.3 -0.3<r<0 -05<r<-0.% -l €r<-05
strong moderate weak weak - moderate - shrong -

X Jost because two voriables are correlated, cven strongly, does not prove o causal link

> lhere may be a cavsal link but forther sfudies investigating this is requited.

ex: positive comtelotion behoeen COp and temperature. Further studies confirmed. CO, absorbs infrored radiotion - cavsal
S there may be a third factor (common-cause variable) {hat cavses both variables

ex: positive correlotion behween ice cream sales and pool drswsnings. Heat waves are likely cavsing both
S the relationship may be purely coincidental and Simply correlate by chance

ex: link o many ridiculous examples

BH4.] Transects and. Kite diagrams

Transects are used fo measure chenge in species abundance along an envitonmentsl gradient

> continwous line fransect : every individval touching fape measure is tecorded

> interrupted. line franseck : every individval touching fape measore at regulor intervel is recorded
\> continuous belt franseck : individuals within guadrats placed end~to-end s recorded L L
> inkerrupted belk fransect : individuals within guadrats placed at regular interval is recorded N

Kite diagram.: visvally displays species diskibvtion and abundance

€x: average pucentage cover of alpine plant along transect

$0
Distance/ + Mosses
2m 4
30
0.0 50 —
2.0 100 ag w
0
4.0 50 g !
6.0 30 3—, o
8.0 60 fé 9
10.0 40 5\ 10
12.0 20 ¥
14.0 10 Yo
16.0 0 2
- o 2 y b 8 0 (12 N lo 18 2
. 0
20.0 0 distunce along Hranseck (m)



CL| Interpret relationshipS in graphs

When plotting a scotter plot behween 2 wntinuous variables, fhe type of relatianship can be visualized

étpem)en{: /

variable N linear proportional
independeat variable positive negative ditectly inversely logarithmic

Cll Delermining enzyme- catalyzed reackion rates

rate of o chemical reaction can be mesued as either change in reackant or produck over time

\> fate of reaction can be calcvlated, by determining the slope of the curve

$ product (s) Slope = Ay - A pcoduet  or A reactont

E A x A time A time

] reactant (5)

3 greater /Steeper slope —> greater rate and vice- versa

time

ex: Calcvlake The rate of reaction of 1he \Q:lfouirj reaction  JIH,0, % AH,0 + O, ©

0.5_
5" o4
:&’: 03 sope = DY = A O, production (em®)
3 3 o2 A x A time (s)
g §: ol = OYemd-0.2em® = 00I13cm’s™
< 325 - 13s

o 20 30 wo time /s

ClL2 Colcvlate cote of respirokion using respirometer

ex: rate of fespiration of germinating peas was investigated using a respirometer. In 3 miavtes, the air bubble moved
I0mm 1hroggh o Ymm diameter monometer fube . Calevlate its rale of respiration per minvke.

@ Caleolate radivs c=d/2 =Ymm/2 = 1mm
@ Calcolate rate of respira(:ion +ransp.'rauon cate = Volume Oy (mm‘)
time (min)

= ed = L(Zmm) (10mm) = 419 mmPmin”
t 3 min




Cl.3 Creating ackion spectra from rates of photosyathesis

refe of fhotos/m‘heS;'s can be determined fhrough change in oxygen produckion over time
or thunge in carbon dioxide wnsvmplion over time

> action spectrum: graph plotting the celative efficiency of photosynthesis or photosynthebic rake
vs wavelength. of light (nm)

hiahcsl: rote at these wavelengths

suggests high absorbance of light
. more phobosynthesis

lowest rate at these wavelengths

Suggests low absorbance of light
= less phobosynthesis

relative rate of Fho{oSynH\esis
(% of mox rate)

400 500 600 700  wauelength (nm)
violet  blue green red coloor

CL3 Calevlate Rp valve from results of chromatography

Ckromafosmphy * technique used fo separate components of a mixture, whereby
SCparah() pads (Pigmnl:s) can be identified

p solvent @ Usinﬁ a ruler, messure the distance €rom ocigin to solvent front
front For pigment : measure the distance from origin £o v the center
of the pigment (distonce moved by Piamen‘t?
@< pigment @ Caleolate the retention factor
@ Rf = distonce moved by pigment X valve behseen O-1
\|__origin | distence moved by solvent
\/ @ Compare calewlated Rg valve fo known Rg volves fo deduce pismm't ideality

ex: deduce. the id!ﬂﬁ(’y of pigment X vsing Chromatogram below . Bottom line is baseline and fop is solvent front

0  Rp= 14uits = 042 pigment: Ry
3.9 wits 0.95

S .X va
3.9 0.7l
24 " likely pigment X is chlorophyll-a. | chlorophyll-a.  0.65
5 0 : 0.45

*measvred on iPod but Scals doesnt matter




C2.2 Negative and positive conelations and coefficient of determination (r2)

Correlation : statistical test for degree of association - L
between two variables. Can be positive o negative . T
X B3.2 foc information on Correlation cefficient (r) positive negative none

> linear regression. : straight line that represents celationship behoeen dependent (y) aad independest (%) variable

coefficient of determination (r?) indicates whot peccentage of the variation in fhe dependent variable(y) is explained
by the variation in the independeat variable (x) ie. how close each. data point fits a regression line.

L quantifies how much beler a regression line fils the data relative o the mean
ex: (2= 0.8l —> jhere is 81% less variation acovd a line than the mean
—> 81% of the voriakion in y is explained by vaciation in x,19% by other factors
—> the X/y relationship accounts for 81% of the total variation
ex: * positive correlation between impulse conduction speed and axon diameter
* for myelinated axons, 86% of the variation in speed is predicted by variation
in axon diameter. 1Y% of the variation in speed is predicted by oher factors

\“\‘kcd o { . o, # o« L o . . . Lo
y‘/z-o — or unmyelmahd oxons, ++% of the variation in s’“d is prdsd:ed by variation
i " in axon diameter: 15% of the variation in speed is predicted by oiher factors

nerve impulse
conduction speed (ms")

oxon diameter (]um)

K (s easier fo infespeet and can be vsed Fo beter - explain
ex: how much bedter is r=03 vs =05 7

rt=0.5 ('z0.25 .- (=0.% is twice as good at atcounting for the variakion !

c2.2 Calwlaéing nerve _impulses pec second fom_oscilloscope frace AHL

The Chonse in newron membrane potential during ackion poteatial prapagation can be measured and visvalized with
an oscilloscope producing a trace (mV over time

ex: How many action poteatials ofe propogated o) per second?  b) per minute 7

0) _2  1000ms = 40O impulees /s
S5ms s

membrane potential (mV)

b) Hoo , 605 = 24000 impulses /min
ls min




C3.2 Calewlating minimom nomber of immune individvals for hed immunity ~ extra; not explicitly required

the minimum percentoge of the popalation which should be vaccinated {or o given pathogen can be estimabed
in order for herd. immonity jo be reached and reduce /halt the spread of the pathegen

critical proportion of popoletion necded Ho be immume 1o pathogen = |- (Lgo) xI00 P = mean number of people
infected person in fects
ex: measles has an estimoted R, valve between 12-18. Colcolate critical proportion range.

o <_|> %00 = UN¥% |- <_|> %[00 = 94.9% " Between 9N.7% and 94.9% of +he
Iz 8 popolation need 16 be immone from measles
in order fo reach. herd immonity

(3.2 Calevlabe percentage difference

peccentage diffecence examines fhe difference behveen hoo values as o peccentage of their average

> ved to measure relative size of the difference behween two related valves

pcmntage difference = (valut. A — valve B) x[00
average of ArB

ex: May 15 202), USA reported 32,534,033 (OVID-19 cases and Japan regorted 671,841. Calcvlate % difference

32,534,073 — 6%1,84]
pcmntaae diffecence = ( 2,534,073 + 67,8 ) x100 = 192% Jifference in COVID-19 cases on
2 Hay 15, 2021 between USA and Japan

C3.2 /DY.2 Calevlate percentage change

percentage change examines how o final valve hes changed from an initial valve

S vsed fo measure whether o. quantity has increased or decreased as a percentage

perccntase chm3e= ( new — original > %[00

original

ex: USA reporlec) 163,199 COVID-I9 cases on April | Z020 and 578,268 cases on Apcil 15. Calcvlate 7o change.

pereentage change = (_5?8.268 = ’63.”7) X100 = 254 % increase in USA COVID-19 cases from April | -15 2020
163,199

P posi@.ive valve —> jncreased | nesakive valve — decreased




CH.| using random quadrat sampling fo estimate population size of sessile ofganisms

the population Size for a sessile ogganism can be estimated by cakulating the average fieguenty of the oganism
in quadrats placed randomly in a sampling area

Popula{:im estimate = (mean count pec quadrat)(area of whole site)
area of one guadrat

ex a siudy was done where the number of dandelions were counted in a meadow. Ten 0.5m x0.5m 7uadra+s

were randamly placed in the meadow. The sampledd area of meadow was [Om * Om.
Calculate the estimated total population size of dandelions in this meadow.

Quadrat number 1 2 |3 |4 |5 ‘6 7 |8 |9 |10
Dandelion count 4 |5 |2 |0 1 ‘5 312 |5 |3
@ Calcolate the mean number of dondelions per quadrat x=30/3 =3
= 0.25m?

@Calc:ulak the fotal area. of The quad(ats 05m x0.5m
@ Calcvlate  the fofa) area of sampled area [Om x10m = 100m*

@ Caleviate estimate vsing Lormula (3 dandelions )( I00mz) = 1200
0.25m*

= the is an estimated popolation. size of (200 dandelions in this meadows

CH4.l Calcvlating and interpreting Standard deviakion to assess population spread.

standard deviation (0): measure of speead or dispersion of data around mean of dataset

G allows an vnderstanding of the distribution of a papula{:ion

* ¥ variability
,‘"8‘ o : . ‘l‘variabih'(:y small o . * population more
o * population may be io: evenly spread out
: uneven /clumped P
popvlation mean, popvlation mean

ex: Calwlate the variabilkty Surraunr)u'ng the calculated estimated total population size of dandelions

® Calculate fotal number of quadrats that
£it in habitat loom* = 400
0.25m*

Calevlate standard deviation vsing calcolator

® @ [ev] “I:eait...”
@D enter valves onder L and then quit (o @ moltiply Sx by above valve
[CALC] “l: 1-Var Stats” .36 x Y00 = 704

©,
@ " Calcvlate” @

@ Sx = .76 "~ estimated papula{:ian. size varies by + F0Y dandelions



C'-1 Using Capture-mark,- release- recapture and Lincoln Index 1o estimate population size of motile ofganisms

the population size for a motile ofganism can be estimated by using the Capture-mark - release- recapture
lechnique and calcvlating dhe Lincoln Index
M: number of individvals cavght and marked initially
Estimoted population size = MxN_ N: total number of individvals ceaptured
R R : number of macked individvals cecaptured

€X: In a study, 248 snails were caught in o pond and marked with non-toxic yellow paint on their shells.
After 2 weeks, 1b8 were recaptured, of which Y2 were moarked yellow. Estimate the Snail population

M= 248
N= b8 Estimated population size = 248 %168 = 992 gpails
R= 42 42

CH.1 Use chi-squared. fest for association between fwo species

Chi- squared (%7) test for associabion: Stakistical hypothesis test which examines whether distribution of two
species is independent, of the other, j.e. associated or not

NS vsed fo delermine (€ Species distribution du‘sPlays association with one another:
positive association : gpecles may have motvalistic relationship
negative association : species may have iaterspecific campetition
no association : Species randomly dispersed, no relationship

2
? = E (Obs_‘"L) observed valugs is Jisteibution actvelly recorded
exp expected values is distribution if random

> the caleolated 22 valve s compared to a cribical valve at o particolar o and  degree of freedom
in oider to see if noll hypothesis (Ho) is rejecked or not

¢ = the significance valve assigned fo p value , hpically > 0.05
d¢3r€€- of freedom = number of independent values which can be assiancd to statistical distibotion, here it is |
noll hypathesis (Ho) = There is no significant Jiblerence between the distibution of both gpecies
i.e distabotion js random and there is no association
p-valve = probability of atfining observed effect or laiger in the dakuset if the noll hypothesis is e

S if «? >critical value( 50.05) —> rejeck H,
1f & < critical valve (;50.05) —> fail to reject H,




CH.l Use chi-squared fest for association between two species

ex: the presence and /or absence of two species of seallop, King scallop and Queea scallop was recorded
in ¥ty Im® quadrats on a racky shore. The following distribution. wes recorded :
b both present ; 15 King seallop only; 20 Queea scallop only ; 9 neither present

How l:o solve in m-ﬂrm:
@ write noll and alternative hypotheses :

Ho

1]

thece is no significant Jifference behween 1he distibotion of both species
i.e distnbotion is random and there is no association

Ha = theee is a significant Oifference befween 1he diskibotion of both species
i.e. distabotion is non-random and there is an association
® Complete table of observed values @ Calculate expected valves

from given information (i.e. if distiibation is random)

Queen scallop Queen scallop
Present | Abseat | Total Present | Absent
2126
Q [Present o 21 -*% Present 50
9 “» 29% 26 29x 24
3 29x26 | 29x24
20 9 p) 5 5
_g-) Ab.SCY\{'/ zq ii Ab.Sf.nt = |5.<C>)8 = l3.27_
AL
L .
Total 26 24 50 row total x column total
grand total
22\ (obs —exp)”
@ Calevlate ~* = E obs - ex
CXP
2 2 2
at= (b-1041) | , (10-1508) | (9-192) - 3.9,
10.92 1$.08 13.91
® Determine degrees of freedom. ® Compare 2 valoe with critical valve
of p=0.05 or smaller
df = (rows -1) (columns - l) Probability level (alpha)
= (2-1)(2-1) ¢ 05 010 005 002 001 0001
- 1 0.455 2.706 3.841 5.412 6.635 10.827
b 1 2 1.386 4.605 5.991 7.824 9.210 13.815
2 2.366 6.251 7.815 9.837 11.345 16.268

@ At > eritical valoe at p=o-ol (7?6 >6-635), we (e\',ed'. the noll kypafhes,'s
. there is a signiFiCan(: 0ifPerence bekueen The Jdispibotion of both Species, association s likely



CH.1 Use chi-squared fest for associabion between two species

ex: two species of fir tree are fond along the coast of Sovthern Californio.. These hoo species are
Grand Fir and Noble Fir. Their distribution pattens were established via quadrat Samples:
25 both present ; 30 Noble Fir only; 45 Grand Fir only ; 50 neither present

How 1o solve using calevlator Stat Lonction :
@ write noll and alkernative hypotheses:

Ho

1]

theee is no significant Jifference behween 1he distibotion of both species
i.e distabotion is random and there is no association

HA = theee is a Signif-'ican‘: OiPerence befween 1he distiibotion of both species
i.e distabotion is non-random and there is an association
@ [eor] “i: [A]" species A
MATRIX [A] 7 x 2 (ented , [ 7=
input cbserved valves in table [ 25 | 45 ] _— n oy
30 50

[resT] “C: - Test” (enter)

"Calcvlate™ @ +* = 0.051 p= 081 df=(
compare 2° value o critical valve at p=0-05

EPO® OO

Probability level (alpha)

the

df 05 0.10 0.05 0.02 0.01 0.001
1 0455  2.706 3.841 5.412 6.635 10.827
2 1.386  4.605 5.991 7.824 9.210 13.815
3 2366 6251 7.815 9.837 11.345  16.268

Vot & critical valve at p=0-05 (0.05] < 3.8‘/)) we {ail to re",uE the nall hypothesis
.. there is pot a signheican(: OifPerence bekween 1he distibotion of both species,
association is not likely




CH.1 Construction of energy pyramids

energy pycamidk: illushates the rate per area at which eneigy is contained within the biomass
of organisms ak cach. trophic level

éx: Cons',{ud, a S(Altd. C’\ijy nydmid. '(‘0( ﬂ\e G)llowa‘rg Cwsyskm: Pyramid of Energy for a river ecosystem

Tropic level Energy kim2y?
Tertiary consumers 316
(D choose o scale for bar Imsﬂt ex: lem = 2000 K.Im'zy" Secondary Consumers 1890
@ choose o height o cach bar ex: fem gl
@ calevlate scaled (eagth of each bar
fectiory consumers : 31b /2000 = 0.158em
Sewndury consumers : 1890 /2000 = 0.945em
primary consumers : 8833 /2000 = Y.4lb5cm
producers : 20810 /2000 = 10.405¢m
® draw pyramid with each bar centered over each other
tectiory consumers ” lem = 2000 Kiw'?y”
Sewndary consumers
pn’mary consumers
producers
2000 Kim'ty”!
CH.1 Delermining primary and secondary prduction
Primary production: accumvlation of carbon compounds in biomass by avtotrophs . X vaits = gm™ye!

S 6rass primary production (6PP): {otal biomass of carbon compounds made by avtotrophs
S net primary production (NPP) : biomass of carbon compounds made by avtotiophs NPP = 6PP- R
after_Josses dve Jo cellvlar cespication (R)

Secondary production: accumvlation of carbon compounds in biomass of heferotrophs

> Guoss Sewndary produd:ion (GSP): lotal bijomass of carbon compounds assimilated 65P = food eaten - feacal )oss
by helecotrophs after losses dve jo defecation
G Nt secondary production (NSP) : biomass of carbon compounds assimilated by NSP = 65P - R
hefecotrophs aftec losses ove fo celivlar respication

ex: fable shows Hransfers of energy (KJm'zyr") in a small commonity. Calevlate net prodockivity for all trophic [evels

Gross_ Respiratory Loss to

Trophic Level Production Loss decomposers NPP = 60.7Zq A (3&,20 ¥ 1’77) = Zl"Z? mm-zy‘,-\

EProducers 60724 36120 477 N 59'. - Z’, H2 - ( W.?OO ’30._,2) = 34'90 KJ m.z yf"
1° Consumer 21762 14700 3072 2

2° Consumer 714 576 42 NSP,» = FY - (5?6 'qu) = 96 KJM yr

3° Consumer 7 4 1 Nspao = ?, - (‘If,) = Z mm-zyr-l
Respiratory loss -— 3120 —_—
by decomposers NSPy = (477+ 3092+ 42+1) - 3120 = 471 KIm'Zyc™



D2.I Determine mitotic index AHL

milotic index is a measure of cellvlar prolifcméion. The higher 1he mitotiC index, the greater the
propoction of cells undecqoing mitosis and cell division..

Mitotic index = number of cells in mitosis (?rophaSe + Metaphase + Anaphase + Tiloghasez
total number of cells (ln{erphase + Mitosis)

ex: calcvlate the mitotic index from the mitrigraph. diagram below.

g Cells in Prophase b

Cells in Meta phase [
Cells in Telophase 0
Total nomber of cells 40
Mitotic index = bt [+7+0
40
= 0.225

D2.3 Deduce isotonic solvte concentration

isotonic concenfration: a solution of equal osmolarity (solute conccm‘mEion) to anofher

S by immersing a 4issve i valying solote concentrations and measuring mass change, 1S isotonic point can be
deduced when thee is no change in moss

eX an experiment was carried ovt where tissues of carrot and potato were bathed. in Jifferent sucrose
solutions {or 24 hours. Results shown 0n graph below

100.00 71 N T

; = J { , > l) Deduce the isotonic sucrose solvtion concentration
gl L A for both camot and potato tissves.
60.00-N\ L

40.00

A//_% POEGEOZ 0.25 moldm’.s

20005 N

Change in mass of tissue / %

” B "* i T Z) Stale the mnoe D(" CMCM"'(GHO(‘IS which are
0.00 T . - |
i i ' hypotonic to carrot tissves
_2000-— » Carrot
hypotonic solutions are less concentrated than the

—40.00 +— Potato

: , : tissve, thus tissve will gain mass
~60.00 - e T .~ Solutions less than 0.50 moldm™3

Sucrose concentration / mol dm™




D2.3 Slandard deviation, Standard error and error bars

standard deviedion (o): measvre of speeac or dispersion of data around mean of dataset

standacd ertor (OM): how reliably the mean of o sample represents mean of whole population
the lacger the sample size (), fhe smaller the standard error
X M typically used if trial sample size >30

> either can be used. as error bars on o greph, which represent £ loy or o

{ ......... } overlap suggests } no overlap suggests

there is no difference TN there is a difference
befween both means I between both means

D2.3 Calevlabing water potential AHL

Water potential (\F): potential enerqy of water per uait volume , measured in. KPa or MPa

Water potentia( (Vw) = Solute pntenh'a( (%) + pressure pntenh'a(("'l‘fp)

reduces Y (J L> increases Y
ex: 1) Ifaclls pressuce poteatial is 300 KPa and ils Solute potential is -450KPa what is ils Water potential ?

¥, =¥ +Y¥, = 300kpa +(-4s0kPs) = -150 KPa

2) the cell fom 1) js placed in a beaker of sugar with Solvte potential of -0.4MPa.
in which direction will the net flow of water be?

Ye in open container =0, .. Yo (beaker) = Ws (beaker) -0-YMPa x _[000KPs = -400KPa
Ml
Yo teet) > Yo (beaker) -~ net £low of waker is ovt of cell




D3.2 Calcolate measures of central tendency - mean, median,and mode

central tendency: slatistical measure That identifies a single value as representative of an entire Jistribution

mode

> mean (average) : som of all datapoints divided by aumber of datapoints in o dataset
9 y (]
S median (Qz)’ middle velue of o dataset arranged in ordes of increasing value
mode: most common value in dataset

ex: calelote mean , median, mode {or 1he {leowinj dataset: 31, 10,2, 31, 87, 100, 14, 31, 55, 49

SKewed distribution

@ [eoiT] “I:edit..” ® [ediT] “2:Sort A(”

@ cntcr valves under L1 and then quit @ Sorta(

@ @B [CAC] “I:1-Var Shots” [enT] “Iedit..” (ente)
@ quculate @ cheek for most common valve in list

X (mean) = 4| med (median) = 31 mode =

D3.2 Create box-and - whisker plots to represent continuous data

interquartile range (IGR)

1
l |
| |
T T T T T
display on calevlator : minX Q med. Q, max X
statistical measure :  minimum valve  lower quartile  median  upper quartile  moximum valve

outlier : valve that differs sisns{‘;chy from the cest of the dataset (i& unvsually small oc larse)
' Jower outier < @, - 1.5 (1GR) S upper outlier > @, + 15 (1GR)

ex: diaw a box- and - whisker plot for the (’ollouinj datauget : 3,21,12,%,10,%, 8.8 ,1l,%,3,15

© [eDIT] “l:edit..” (ente] minX = 3

@ cnl:cr valves under L1 and then qui{: Q =1

@ iy [CALC]  “I: 1-Var Stats” @ med = 8

@ “Calcvlate” @ Q = 1.5
® 16R= @,-@, = I.5-F = U5 maxX = 2l

@ lower 00!:||C(<Q-I5(IGR) ¥-1.5(4.5) = 0.25

upper ovtlier > Q, + 1.5 (1aR) = 11.5+1.5 (4.5) = 1815 — 2l isovtlier .. news max = 15
draw appropriate seale and draw plot

| 3 5 7 9 ] 3 s 17 q 21 U

outlier




D3.2 Use chi-squared. fest on dato. from dihybrid crosses  AHL

Chi- squared () "3oodness of fit" fest : assesses if there is a statistically significant Jifference behveen
observed and predicked. values

" in geaetics , it con be used fo assess whether a pair of genes are linked based on the phenokypic ratios
from crosses and whether they agree with the predicted Mendelian 9:3:3:1 o I:1:1:) (atios or not
X see C4l for more information on 27 test and hypothesis testing

ex the frait for smooth peas (R) is dominact over wrinkled pess () and yellow pea coloor (Y)is dominant
to green (g ) A dilybrid cross behween o smooth yellow plant , heferozygovs at both loci and o wrinkled
green ploat is performed. The following phenotypic fiequencies are observed :
157 Smooth. Yellow ; 26 Smooth green. ; 23 wrinkled Yellow ; 1494 wrinkled green

How o solve in lgg- form :

@wﬁ&e noll and alkernative ypotheses:

Ho = there is po significant Jifference behween 1he observed and expected frequencies —> genes are valinked
Ha = there is a significant Jiffecence behween The observed and expected frequencies —> genes are  linked

@ Determine expected ratio of ualinked genes using dihybr-‘d cross

| RY Ry r) ry [:1:1:]
Redy % rryy ry | Redy Rryy redy  rryy

@ Calculate expected freguew'cs (i.e. if Mendelian d;&*{;but;on)

| Smooth. Yellow I Smooth. green |wrinklg Yellow | wrinkled green I Total
Obsecved 157 2b l 2% 194 350
Cxpecked | (350% /4 )=81.5 | (350x 'y )=82.5 | (350x /4 )= 81.5](350x /4 )=815| 350
2 2 2 2
@ 42 =E(obs-c,,,)’ - (157-815) 2 (26-8%5) . (23-8%5) . (144-8%5)" — 1825
exp 87.5 8%.5 §%.5 8%.5
® Determine degrees of freedom ® Compare %' with critical valve of p=0.05 o smaller
Probability level (alpha)
daf = (rows -1)(columns -1) ¢t 05 010 005 002 001  0.001
1 0.455 2.706 3.841 5412 6.635 10.827
= 2— l L, - ' 2 1.386 4.605 5.991 7.824 9.210 13.815
= 3 . 2.366 6.251 7.815 9.837 11.345 16.268

@ ol > ceritical valoe at P:o.ool(l82.5>lb.168), we (gect the null hypothesis
- there is a s;'gniF:‘an(: difference between 1he observed and expected frequencies

genes are likely linked and do not assort independently



D3.2 Use chi-squared. fest on dato. from dihybrid crosses  AHL

ex: the tait for smooth peas (R) is dominant over wrinkled pess (r) and yellow pea colovr (Y)is dominant
to green ( y ). A dihybrid cross behween fuwo yellow smooth peos, helerozygous at both loci is petformed.

The following phenotypic frequencies are observed :
70! Smooth Yellow 5 204 Smooth green ; 243 wrinkled Yellow ; 68 wrinkled green

How 1o solve using calevlator Stat foaction :

@ write null and alternative ypotheses :

Hy = there is no significant Jifference behween 1he observed and expecked frequencies —> genes are unlinked
HA = there is a §¢'3m'£jcgal: Qiffecence befuween 1he observed and expected frequencies —> genes are linked

@ Determine expected catio of unlinked genes using dihybrid cross

RY Ry Y ry
RY [RRYY RRYy ReYY Rrdy

Redy x Redy Ry |RRDy RRyy Redy Rryy L 9:3:50
r) |ReYY  Redy erdY  rrdy
ry IRrdy Rryy rrdy rryy

@ Calcolate ezgegket) freguena'cs (i.e. if Mendelian dis’m‘bution)

| Smooth Yellow | Smooth green | wrinkled Yellow | wrinKled green | Total
Observed ol ‘ 204 ’ 243 68 1216
expecked | (1296 x Yo )= 684 | (12496 % e )=228 | (1240 % %) =228 | (4ux Yiw)=76 | 1216

@ @ [eom] “Pedie..” (=)
@ enter observed values under L1 and_expected values under L2 and then quit
® [TesT] “D: x? GOF - Test® (ente]
@ Debermine degrees of freedom df = (rows—l)(columns-l) = (7—")(‘1") =3
“Caleulate”

X =418 p=0.189 df-3

Compare 2t value £o cribical valve ot f’=o'°5 Probability level (alpha)

df 0.5 0.10 0.05 0.02 0.01 0.001

1 0.455 2.706 3.841 5.412 6.635 10.827
2 1.386 4.605 5.991 7.824 9.210 13.815
3 2.366 6.251 7.815 9.837 11.345 16.268

ot L oeritical valoe at p=0-05 ("i--"g {1815 ), we fail to (e\',ect the noll kypoHuSis
c. there is no significant 0ifPerence behween 1he observed and expected freguencies
genes are likely unlinked and assort independently



DY.I Hardy-Weinberg equation and calcvlations of allele or genotype frequencies  AHL

Hardy - Lcinberg equations are mathematical expressions that can be used fo calewlate ihe allefe and genotype frequeacy
of « popolation ot equilibiivm, i.e. one that is not evalving

QMMMM Pt z =N genoﬁxee frggmcy Pz +r 2 Pi + i’ =/
T 1 T 1 1)
Dominant allele  recessive allele Homozygovs Dominaat heterozygous  Homozygous recessive

ex: a population of rabbits may be brown ( dominant pkzno(:ypc) or white ( recessive pkzno(:ypc). Trait
is condtolled by one gene and demanstrates complete dominaace. The frequency of the homozygous

Dominant genotype is 0.25.
Determine the frequency of heterozygous rabbits and the Dominast and recessive allele .

frequency of B frequency of b frequency of DBb
PZ = 0.35 q= /-0.59 Zp7 = 2(0-5‘7)(0-’4!)
p = No.35 = 0.4/ =0.48
= 0.59

ex: a population of birds contain b individwals with red tail feathers and 3Y4 with blue tail
feathers. Blue fail feathers is dominant over red tail feathers.
Determine the frequency of red and blue alleles and the frequency of homozygous blue birds.

frequency of b frequeny of B frequency of BB
Lo b =1- 057 22 0y3®
p f
bt 34 = 043 =019
= 0.32
7 = '40.32.

0.5%




