Maths activity: 6raphs and tangent practice.

Skills: Maths, revision technique.

Read through the attached pages using your note-taking skills
Complete practice questions
Produce a mindmap/flashcards answering the following questions

v" What do line graphs show?

How do you draw a line graph or scattergram? Have you CONDENSED your
. notes or just copied out the
How do you use line or scatter grams to spot trends? notes?

?
What do scattergrams show: Which is more effective?

How do you calculate rate using a straight tangent?

R N N NN

How do you calculate rate using a curved tangent?

Make a note of anything you are unsure of and bring this to a tutorial.
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Line Graphs

Line graphs use points connected by lines to show how something is changing.
They can show as many sets of data as you like, so you can use them to compare results. Amazing, | know.

Eam Graphs Are Great For Showing How Something Changes Over d_aoq

Line graphs show how one variable changes as another variable (often time) changes.

Here’s what one might look like:
Each clats point Is
\|3n1rhm with a eress

.\-‘//w The dats painls
%

are foined by
straight lines

The thing that was measured
(dependent variablel goes up
the side {on the y-axis).

Ny

On this graph, the line goes
up for the first two years.

It then goes down for the
three years after that.

So the crop yield increased
for two years then decreased
for the next three years

Crop Yield

The thing that was changed
(independent variabie) goes
along the bottom (on the x-axis). & vear

123456

[ Plot the Points Then Join Them Up |

If you need to draw a line graph of your results, here’s what you do:

1) Decide which variable should go on each axis.

Time after glucose intake
/ minutes

Time should always go along the x-axis. o | 30| 60| 90 |120|150]180

Glucose concentration
in blood / mgdL™

Glucose concentration is the variable that
was measured, so it should go up the y-axis.

76 [118]100] 95 | 82 | 74 | 71

2) Draw your axes so that they've gota sensible scale.

i i 12 [ S ™1
The y-axis needs to include i ||_r I_‘ The glucose concentration
:cacmqm from 71 to 118. g1, I | was measured in 30 minute
Here, it works well to have wmnr Eh Aoo.l\t| - intervals. So it makes sense
big square worth 10 mgdL-~ g E g0l 1L to spread the intervals a
°3 T big square apart on the x-axis.
Uosw ﬁm@mﬁ to _mn_um__ cach o and M Hm 801—1——+
{ e any g
add the units hére are anyl. = m £ ol |_|| a i S
en it comes to plotting

IF there's nothing happening on the bottom part of I - .
the y-axis, you can skip 1t with a little squiggle like this 0 30 60 90 120150180
and start the numbering at a higher value. Time after giucose intake (minutes)

graphs, it's much easier if you've

. made each square a nrce value.
RN R RN R N RR AR ARRENAN

ATV
IARRREAA)

3) Plot the points with neat little crosses. Then draw straight lines to connect each point to the one next to it.

.—NG T I_|r_ .

e On the y-axis, the scale means that
g | Y
FL i every small square is worth 2 mgdL-.
B

Make sure youuse a = § So to plot this point, first find

sharp pencil to plot Q 120 on the x-axis
2 .

the points acurately, Then count up one small square

and use a ruler to ]

from 80 on the y-axis to get 82.
Make a neat cross where the
two points meet on the graph.

draw the lines
0 30 60 90 120150180
Time after glucose intake {minutes)
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_ Line Graphs Are Good For Spotting Trends in Dni

To spot a trend in your data, just look for any patterns in the direction of the

e

The line on this graph is constantly going down,

M but at different rates. So you can state that:

m € Wesley'

Sy “The number of deaths from disease X esieys & 4

=] P spot trends was
2 decreased between 1970 and 2000 always slightly off.
M < from 27 600 deaths to 10 000 deaths.”

W #The number of deaths decreased  gz====" It a good idea to

include relevant values
in your description.

the fastest between 1980 and 1996,
from 24 000 to 12 000 deaths.”

Worked Example . 100
£z z
The graph on the right shows the numbers of rabbits and 3 780 §
foxes in an area of parkland over a period of five years & ) - s
How many foxes were in the parkland at the beginning 2 m:
of year 47 3 40 T
£ L
z 20 &

° Find the axes that you need to look at. =

The variable that you're given a value for is the year,
so you want to look at the x-axis first. Year

0 Draw a line across to the other axis
to find the answer.

You want to know the number of foxes,
so you need to read the value from the
y-axis on the right-hand side of the graph.
WL o
Pay attention .H“ the _mw_m__m_ ,_Ld_ e
graphs and charts — if there's
a scale on both sides, they won't

\M_zm«m 90 up in the same steps
LR RVRN RS RVRATRNNRNEN

Q Draw a line up the graph from the x-axis value.

The number of foxes is shown by the green line.
So draw a straight line up to the green data point.

1000

800
Each small square on

this axis is worth 4.

T,

\

ARNETRNEN

Number of Rabbits

The number of foxes at the
beginning of year 4 was 48.

| Practice Question

Q1 A study was carried out into the mortality rate Year Mortality Rate
from heart disease in one population between / Deaths per 10 000
1980 and 2000. The results are shown in the table. 1980 189
a) Draw a line graph of the results. 00k 1985 176

iy, 1990 17

Use the line between data

b) Describe the trend shown by the graph.

Vi,

poInts o estimate a value = | 1995 152
¢) Use your graph to estimate the mortality =, mo_d: aline graph = 2000 0
ey <

[ERRENEFAN

rate for heart disease in 1989.

| don’t mind tables, but graphs are where | draw the line...
Line graphs are pretty easy (o handle — as long as you pay a bit of attention to what’s on each axis, you’ll have no
problems understanding what's going on If the graph has more than one y-axis, just make sure you read off the right one.

Section Two — GRAPH SKILLS
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Scattergrams show the relationship between
chocolate fountains in your house. If there’s

g?&maoz is the Measurement of a ma..naoamzi

In a scattetgram, one variable is plotted against the other, allowing you

N

to easily spot a correlation. Both variables have to be numbers,
Here's what a scattergram might look like:
The Faws shows ore valiutle A Each data pe is marked With 3
8 ¥ = rrpss, bul thiey're never joined up
ALY 01, e 3 " .
,u. mn.._._mn_..mf:... = .m
= an show twp = m
S independent = and lhe s <
= variables < shows the

TELLE N by

ather varable 7&\ Temperature

ﬁ Plot the Points But Don’t Join Them @

Scattergrams and Correlation

two variables, like the number of friends you have and the number of
a relationship, you can say that there’s a correlation

Wi

2 Seattergrams Can
alsa be ealled
scatter graphs of
seater diagrarms
TR LARAA AL

AT

o

'

If you look at this scattergram, you can
see a relationship — both variables

go up together, As the temperature
increases, absorbance also increases.

4)  On a scattergram, the

Draw the line of best
fit as close to as many
points as possible.

|ﬂ|||mbr 7 i

117

e nu

f

it ey,

rag
o
Y
b
[

i

€

.

Scattergrams and Correlation

points are never joined together. However, you may h

ave to draw a line of best fit.

Anomalous
results don’t fit

in with the rest of
the data — just
ignore them when
you're drawing a

\

It doesn’t need to go

through all the points. 15 16 17 18 19

Frod iy

[y

Average temperature (°C)

line of best fit.

Margaret's method of
getting to the shops was
fairly anomalous.

20

rem——

ﬁ\ﬂ:mwm Are Different Types of Correlation

If you're interested in the relationship between two variables,

1) Positive correlation
This means that as one variable
increases, the other also increases.
Likewise, if one decreases,

2) Negative correlation
This means that as one
variable increases, the
other decreases.

look at the correlation. There are a few different types:

No correlation

This means that the variables
aren’t linked — there is no
pattern in the data.

the oth :
If you need to draw a scattergram from a table full of data, here’s what you do: e other also decreases Esg. Eg
E.g. As the number
1) Look at the highest and lowest values for each variable to work out a scale for each axis. . of hours of ® v
® exercise Ifereases, m m
Average temperature | Average number of The values for this variable g i X ox the fitness scark % 8
. 1€ bees f 241072 - increates & 2
The values for this range from 2410 /2. g . J & £
variable range from 17.0 48 So a scale from 0 to 80 g L ‘l‘\\
will be nice and neat. .
15.0°Cto 19.2 °C. 19.2 24 Hours of watching TV Height
A scale from 15 to 15.0 72 ,
20 will do nicely. - Hours of exercise As the number of hours of watching TV There's no pattern at all
184 64 increases, the fitness score decreases. to the plotted points here.
17.6 36
16.2 64 The closer the points are to the line of best fit, the stronger the correlation, A correlation coefficient
can also be calculated (see p. 69) and this gives you a numerical value for how strong the correlation is.
il always be a number between -1 and +1, and shows:
2) Draw your axesand label them. : . .
at ip between average femperaturg o How closely the variables are linked. L
)nun average number of bees o The type of correlation If the coefficient is close
On the y-axis, the scale 0 moh.|. Your graph should have a title (DRIl |”~ the variables
means that every small & 7 — Just write a description of are very closely related.
sguare 15 worth 4 bees. m 60 | what the graph is showing.
£ .% 40+ —_— Perfect Perfect
mF__o..,o. | .IA Negative No . Pasitive
The lowest temperalure you need R T0] L _ | On the x-axis, the scale Carrelation Correlation Carrelation
to plot =150 *C, 5o you can skip M 5 | # | el g f i L p ' i )
put 134 wsing a hittle squiggte = : P means that every five sma ! ! ! !
: = ﬁuﬂ\_ 15 16 17 18 19 20 squares is worth 1.0 °C. i -1.0 -0.5 0 +0.5 +1.0
Average tempetature (°C} i J,
3) Plot each point with a sharp pencil. Draw each point as a neat little cross. If the coefficient is between 0 and -1, it means If the coefficient is between 0 and +1, it means
that the variables are negatively correlated. that the variables are positively correlated.
. Average
This pair of . Average Number of Bees | 5 80
values gives you Temperature / °C .m 60 ® v
one data point. " S8 m If the coefficient is exactly =10, m If the coefficient 15 exactly +1.0,
£ ) 2 all the points lie on a straight I all the points lie on a straight
19.2 _ 24 806 | e £ line -— the correlation is m line — the correlation is
—\/ﬁ\\&rf(!\ M NCH ) . _ = - perfectly negative = perfectly positive.
O _.m 16 _.,w 18 19 20 Hours of watching TV Hours of exercise
Average temperature (°C)
Secrion Two — GRAPH SKILLS Secrion Two — GRAPH SKILLS
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Scattergrams and Correlation Scattergrams and Correlation

Zoé is investigating the relationship between the time spent T . :
exercising per week and resting heart rate in her classmates. = 30 [ ¥ | QT Mmmwomw%mwﬁﬁmmm:&mﬁ% %thﬂm&hsw M”w%ﬂm it took 13 : ;
Her results are shown in the scattergram on the right. > 80— =] et i = N eC X xX x
a)  One of her classmates had a resting heart rate of 80 bpm. ) 204 k © data is shown in the scattergram on the right. % o
How many hours per week did they spend exercising? z 3 2,4 .
b) Use the scattergram to comment on the relationship £ 60 + a) How many athletes are represented by the scattergram? g X X
between the time spent exercising and the resting heart rate. ® ol . x Fo= . H—rx
I | b)  What does the scattergram tell you about 1
¥ 01 2 3 4 5 & 7 8 the relationship between the athletes’ weights !
Amount of Exercise Per Week (hours) and the time it took them to run 100 metres? e2)

g 3 >
Explain your answer. 60 65 70 75 80 85

Weight (kg)
€ 7o answer part ), find the axis that you need to look at. E gpt :
a
The variable mentioned in the question is the o 80 _ _ » _ _ | _ Q2 Charlotte was studying the effect of temperature on - A
resting heart rate, so you'want to look at the y-axis. = 50 \ % ﬁ the rate of photosynthesis. She decided to use the E 50
5 - _ * amount of oxygen produced by a plant in one hour < ¥
Y ~ T as a measurement of the rate of photosynthesis. 8 4.01 P
2 50 The scattergram on the right shows her results. g 3.0 j % |
G Draw a line across the graph from the value in the question, B 901 2 3 4 5 6 7 & a) How much oxygen was col _mogmwa in the 2 20
Draw the line across until you meet the data point, Amount of Exercise Per Week (hours) experiment conducted at 20 °C? g Tod o
= 3
b) What type of correlation is shown by the results? & 2 _
9 0 >
. . 10 20 30
) Charlotte identified one anomalous result on her graph. © 0 Temperature (°C)
i . . At what temperature was that result recorded?
e Draw a line down to the other axis to find the answer. T ok
ST .w.mc === This must be the
Gl might have 0. = o Bo ! | data point that the
= e i s < k5] question - . & . -
- Seer wtimes J acrass instead. 2 & g4 E ¢ AHEshan Tl 4o Q3 A team of biclogists investigated the use of
real upan o 70 — It the only heart . K . . X . Dist f
z i 5 ' lichen diversity as an indicator of air quality. WEANRRMAN. [ | ndex of diversi
i 3 g0d— rate of 80 bpm ! ! s 1k ndex of diversity
T x They calculated an index of diversity for lichens city centre / km
The classmate spent 4 80’ gy x| found on gravestones at different distances from 0 017
hours per week exercising. T —— L a city centre. They predicted that the closer
€ 2 3 45 & 7 8 the gravestones were to the city, the lower the 2 0.20
Amount of Exercise Per Week (hours) diversity of the lichens growing on them would be. 9 0.15
Their results are shown in the table on the right. 16 0.41
e To answer part b), look at the correlation. a) Draw a fully labelled scattergram 20 0.40
It's a good idea to draw a line of best fit on the graph to help you. of the ﬂmmc_.a in the B_o._m. 24 0.50
The graph shows a fairly strong negative correlation, = Include a line of best fit. 27 0.59
S0 you can say that: 5 . ) . )
= b) - Using your line of best fit, predict the index of diversity of
o : :
As time spent exercising per week 5 lichens found on gravestones 10 km from the city centre.
increases, the resting heart rate decreases. = - .
3 ¢) The correlation coefficient for the data is 0.86.
T : e
It's really important to note that you can’t say something like: Ed What does this tell you about the relationship between the
= diversity of lichens and the distance from the city centre?
Increasing the time spent exercising x &
causes a decrease in the resting heart rate. Amount of Exercise Per Week (hours)
Although there is a negative correlation, there is no way to All my «.m...mm...o.ﬁ__m?mmm seem to go negative pretty fast...

tell from the graph if one variable actually causes the other. An important thing to remember abaut correlation is that just because there'’s 2 relationship between two variables, it

doesn’t mean that one has a direct effect on the other — it could just be a coincidence. Correlation doesn’t miean cause.
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Rates and Gradients

Rates are pretty important in Biology and come up a ot — you've probably heard of breathing rate, growth rate
or rate of reaction. Rate is simply a measure of how much something is changing over time.

A Bigger Change Over Time Means a Faster m.mnmf_

If you plot your results on a graph with time on the x-axis, the steepness of the line
(or curve) shows how fast the rate is. Just look at this:
The curve 1s steeper here than it is here.

The population increases
more between years 5 and 10
than between years 10 and 15.
There is more growth over
the same amount of time.
So the rate of population

0 5 10 15 growth is higher between

Year years 5 and 10.

The same amount of time has passed.

Population Size

Do This Calculation to Work Out the Rate 4

You might need to calculate a rate from a table. If so, you just need to use this equation:

The dependent variable 1s the variable } -

that's measured — eg height. ﬁrm:mﬁ in dependent variable

rale =
m time taken for change
The change 15 a positive number if it's an &

increase, or a negative number if it’s a decrease 11.\
{which will give a negative value for the rate)

You might have to work out
the difference between two
values for each of these bits.

To calculate the rate from a line graph or a line of best fit, you need to work out the gradient of the line.
The gradient is a value that tells you how steep the line is. You find it like this:

— This s the change in the y-axis
change in y [the dependent variable)
rate = gradient =
nrm:mm nx Thiz 15 the change In the x-axis, which
5 the time taken for the change

z A
,m\ 0.6 F—— —
T 051 ) S Wity
E Pick two points on the line that are easy to read. = Ty to mag, o
i 0.4 3 triangle at o
U034 - S rwﬂ the size of
rd | 2
mw 0.2 ‘ur Then draw a vertical line down from one pointand 17,11y ms_“_;_‘.\ '
2 o4 o a horizontal line across from the other to make a triangle.
3
°
= 0=

0

T LI The vertical side of the triangle

: is the change in y.

“T I k=" 50 here, its 0.5- 0.1 = 0.4 cm?.

0.3 ===y == -

02— . .

ol = Ul .M.-. ! ”?m :oﬂ_No:S._ side of the triangle The growth rate
m A/ is the change in x. of Brund's ears
% 4 6 So here, it’s 7.0 — 1.4 = 5.6 minutes. was beginning to

become a concern

Section Two — GRrapH Skiits

Rates and Gradients

Plug the Values into the Formula _

<

[RETFRNITN

2

You've now got the two values you need to plug into the gradient formula.

rate = gradient = — = 0.07

units of the dependent variable

units of time

Rates always need to have units, and these are always: | units =

KU
You might also see these units

written as cm?/min — they -
S

both mean cm® per
[RERRRRANANA

’

Here theyre cm3 min™, so the rate is 0.07 cm? min~'.

KEREEAL

>

This means that the volume of ON consumed 1s
increasing at a rate of O.07 cm® per minute.

Worked Example il

The number of people living in a village in Cumbria was
recorded every ten years as part of a 40 year study. Population | 1114 | 1237 | 1882 | 2795 | 4909
a) What was the population growth rate between 1960

and 1970? Year 1950 | 1960 | 1970 | 1980 | 1990

b) Was this higher or lower than the average
population growth rate over the course of the study?

e To answer part a), work out the change in the population _l/

(the change in y).
. y sy =

be a negative

number.
ARRRVRRURRRRAER

1882 — 1237 = 645 people

In 1960, the population was 1237. = If the popula . cm Population | 1114 K1237 ._wm\@ 2795 | 4909
0 th Jati .= was decreasing, =
In 1970, the population was 1882 = the change somi - Year @Q 1980 | 1990

@ Work out the change in time (the change in x).
The difference in the two dates is 10 years.

Q Divide the change in the population by the time taken for the change to get the rate.
5 Don't forget to include the units for the rate.
@#m_umov_m+._o<mm_‘mumm mumogm%mm:l R <o:nw_.__:m_p_am.n_)m:::m%8:@7@:5&:..

caleulation to help you work it out.

The exact answer 1s 645, but you car't have O5 of a person M

50 round the answer to the nearest whole number,
e To answer part b), repeat steps 1-3 to calculate the population growth rate across the full 40 years.

3795 people + 40 years = 95 people year'

7 A

The change in the population The number of years
(4909 - 1114 = 3795) taken for the change

Now you can compare the two growth rates. ——===» 95 s bigger than 65, so the population growth

rate between 1960 and 1970 was lower than the
population growth rate across the whole study.

Section Two — GrapH SkiLLs




Rates and Gradients

Rates and Gradients

Worked Example 2 A

5.0 T
Janet was investigating the effect of temperature on 4.0 ! L_x20°C Q1 Josie was investigating the rate at which amylase breaks down starch. She used the concentration of
the respiration rate of germinating seeds, She used | ; maltose as a measure of how the reaction was progressing. Her results are shown in the table below.
oxygen OODwCB—U:O: as a measure of _‘Om*u__‘mn_OD. 3.0+

Her results are shown in the graph on the right.

Oxygen Consumption (cm3)

a) The rate of reaction can be found by
Calculate the rate of oxygen consumption for 20 | calculating the rate at which maltose Time/minutes( O | 5 | 10 { 15 | 20 | 25
seeds germinating at 20 °C. <10 °C is produced by the reaction.
Write down the units for the rate of reaction. Maltose
s Concentration | 0.0 | 5.2 [10.7|15.6|19.1|25.2
" . 60 b) Calculate the rate of reaction for the first /gpl
© rFind the line you need to look at. Time (minutes) 20 minutes of the experiment.
The question asks about seeds germinating at 20 °C, A
I line. A . 6
s you need to look af the orange line Q2 An investigation into transpiration rate was |

carried out using two different plant species. _v Species A

t
O
N The average total water loss per 100 g for each 2 !
° Find two points on the line that are easy to read. E 50—y species was recorded every two minutes. T4 T
c , £20°C The results are shown in the graph on the right £ [
) 5 4.0 i o2 A Species B
If the line goes through O on both axes = ) ) s 4
{the origin), you can use that as one point m. 30 a})  Which plant species had I
— it will make the next step a bit easier. 2 ) a faster transpiration rate? e 2
. % 2.0~ Explain your answer. & :
R PCLCU gy i 5 1 ]
= You want to use ponts that have = g 1.0 b) Use the graph to calculate the m \
T adearxand yvalue so use = 2 S transpiration rate for Species B. OF— ; -
= vo.:ﬂ <<,er the line crosses both = t t T ; > 0 5 ) 10 15 20
2, ridlines at once if you gar | = 10 20 30 40 50 60 Time (min)
IR AVRPRPPPIS Time (minutes)
Q3 Kyle was investigating the effect of auxin concentration on plant growth,

He removed the tips from three different shoots and coated each with a different concentration of auxin.

= i . . The table on the right shows a summary of his results. -
£ 507 Make a triangle using the two points. Height / cm
= Then work out the length of its side and base. a) What was the average growth rate for Shoot 12
c
5 4.0 ; ) Give your answer in mmhour-'. Days of growth | Shoot 1 | Shoot 2 | Shoot 3
I [ The scale on the y-axis means that every
E30 ~ small square Is worth 0.2 ¢cm3 NI RER RN AR NN & 0 1.2 3.2 3.5
5 : q ¢ e . 2 You might need to work out a rate in different units to = 5 18 29 2.1
520 So the height of the triangle is: 38 _ - 3.8 cm? 2 the units gwen in the data. It's okay though — just = M 26 5 =3
pM b = convert each value before you pop it into the B:@mﬁ%:, = 5 42 9.2 6.0
g101 =~ The scale on the x-axis means that every = Theres more mwo;,ﬂ no_:_,\_wa_é units on pages & S T ) —— S
W, 04 £ ] \_ a1 small square is worth 2 minutes. Ga0inIC A o= mAN _w.o w._
0 10 20 30 40 50WgO So the base of the triangle is: e . b) Which shoot had the highest growth rate? 30 9, 16. 8.
Time (minutes) 56 ~ 0 = 56 minutes ghest g 9 3 2
ime (minu
O makes a nice k .
easy calculation, & A
. . X Q4 The graph on the right shows the average OF 385 ; :
e Use the equation to find the rate of oxygen consumption. atmospheric CO, concentration in a forest, 28 300l | ;
- 52 H
The rate is equal to the gradient of the line. So put the values from step 3 into this equation: recorded over a period of 8 years. S : !
At what rate did the CO, concentration increase? 2 Z wwm'Uﬂ\. : —
£©5> S , |
) change in v This 1s the height of the triangle, z z 3701 _ A, )
gradient = — 2~ ° & g w |
change in x This Is the base of the triangle. m @ < | | | | i Iy
R z 2000 2002 2004 2006 2008

m Round your answer Year

rate = gradient = 3.8 cm? <+ 56 minutes = 0.068 c*min™ (to 2 s.f.) to a sensible value.

rﬂu Don't forget to include the unts My rate of learning about graphs is at an all-time high...
— itll always be one unit over Being able to calculate a rate can come in really handy, so keep practising until you can do it blindfolded, at night,
the other for rate. upside down... you get the picture. Just make sure to always include the units, or your answer won’t make much sense.

SectioN Two — GRrAPH SKiLLS Section Two — GRAPH SkiLLs
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Rates and Tangents

A tangent is a straight line that touches a point on a curve. It doesn’t sound very exciting, but
drawing a tangent happens to be a nifty way of working out a rate from a curved line on a graph.

The Rate Can Change Over .D.Sm;

ATV ANREA Y
If you need a reminder about

rate, turn back to page 50
RTINS R TR AR

(NRNRS

4

Qi

When a variable is changing over time, the amount of change over time (the rate)
doesn't always stay the same. On a graph, this can give you a lovely curved line.

The rate can increase...

Population Size

...or decrease.

The rate is
faster here...

_than it 1s here.

Population Size

You need a straight line to be able to calculate a rate from a graph (see p. 50).
So to find the rate at a particufar time, you can use a tangent — like this:

5
\.m 4 The tangenl only
S touches the curve
[} 3 at this point
Im 2 (time A
21
0 >
0123456
Time (s)
/,_::__:::\\
I Remember, T
= gradient = rate =
T changemy 2= Therate at time Ais 4 cm3 + 45 =1 cms™,
Z _change M) =

change in x =
ZIRERIERARARN

S

Volume (cm?)

The rate at time B is 2 cm? + 5 s = 0.4 cm3s7.

You Need a Ruler to Draw a ﬂm:@mﬁ

This is a different tangent
on the same curve.

i touches it at
a different point
{time B).

0123456
Time (s)

So the rate of reaction is faster
\ at time A than at time B —
a higher volume is being
produced per second

To draw a tangent to a curve on a graph, you just need to follow these steps:

1) Find the point on the graph
where you want to know the rate.

2) Puta ruler on the graph so that
it's just touching that point.

3) Angle the ruler so that there
is equal space between
the ruler and the curve on
either side of the point.

4) Draw a line along the ruler
using a sharp pencil.

Seeriont T — (GRAPH SKILLS

40—

A
o
L

The gap between the ruler and the

curve 1s the same on both sides.
J The gradient of a

tangent at this pont
will tell you what the
rate was at 8 minutes.

K [RNRRRRN I
= If you want to find the
2 initial rate of reaction,

-
<

\o

you need to position
your ruler at the

point where the time
15 O and estimate

IR REERIRNAN

Volume of Oz produced (cm?)

v

\\|Illl\|II|III\l|\I\

where the curve would
continue if it carried

on below zero
ARERRN [RURYRNAARN

5 10 15
Time (minutes)

2NN RRERER
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Rates and Tangents

Worked Example Emw_’ - e —
The graph on the right shows the area covered by native British Mm\ 100+ ,_ _ :
bluebells in a section of woodland, over a period of six years. ° _ |
What was the rate of population decline in year 32 g ek gl & Ty
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€ Find the point on the curve that you need to look at.

The question asks about the rate of decline in year 3, 0 T

so find 3 on the x-axis and go up to the curve from there. c— 0 I‘_h; (¢
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. 125
@ Place a ruler at that point so =
that it’s just touching the curve. == E
Position the ruler so that you B
= 75
can see the whole curve. e | Look at the gaps on
Fw 50 rither side of the point
= l. _Amm_m E_m&_:% w_w“m
. f = il the
) Adjust the ruler until the space between the ruler < 25- MUMﬂm_M%rno%_w %vwﬁ
and the curve is equal on both sides of the point. 0 [y

Year

° Draw a line along the ruler to make the tangent.
Extend the line right across the graph —
_ it'll help to make your gradient calculation easier
as you'll have more points to choose from.

° Calculate the gradient of the tangent to find the rate.
- You can work out the gradient with this formula:
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gradient = change in y + change in x

The change i <M.mq The: change in Don't forget the
ts — ve
yo 55 mt A e 55 m2 + 4.4 years = 12.5 m?year™ 4 :sm_m_ o ww;ﬁm_.m_
50 it's m? peas”
Practice Question
. T sot S
Q1 Carol was investigating the effect of temperature on = ! ro
the rate that catalase breaks down hydrogen peroxide. .m 40 ] WUE
She used the volume of oxygen produced as a 3 " ' "
measure of the progress of the reaction. 2 304t | — |
The graph on the right shows her results. 5 |
® 5 o ! | 20°C
a) What was the rate of oxygen formation at 3 \\ 1
45 seconds for the reaction at 40 °C? B _ \ =
e 10 7T i
b) What was the rate of oxygen formation 2 \\ _ | |
; 0 : ; >
at 30 seconds for the reaction at 20 °C? > 0 30 60 90

Give your answer in cm?*min™" to 1 decimal place. Time (seconds)

Drawing a tangent may look tricky, but all it takes is a ruler and a bit of practice. Then you can treat it just like a rormal
gradient calculation. Just remember that the tangent can only give you the rate for the point on the curve that it’s touching

SectioN Two — GRAPH SKiLLS



A graph may have a y intercept, an x intercept

An Intercept Is Where the Line Crosses the Axis

)

The y intercept is where
the line crosses the y-axis.
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Concentration
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There's more about how
you can use the y intercept

on the next page. ;
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| The x Intercept is Where y =0 l

\ The x intercept
is where the line
crosses the x-axis.

or both. They're really easy to find if you know where to look...

When he set fire to his
neighbour's rhododendrons,
Jeff knew he had crossed a line

If you need to find the x intercept of a graph, just do this: l 1) Check that the x-axis is positioned where y = 0.
2) Find the point where the line crosses the X-axis.

For example, on this graph the

- A x intercept is 250 pmoles m=s".
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The graph on the right shows a calibration curve to find
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The graph on the et wa
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the water potential of potato cells. The water potential 107
of the cells is equal to the value of the x intercept. =
What is the water potential of the potato cells? é ?
.5?0

o Look along the x-axis (where y = 0). e .54

9 Read the value on the x-axis where the line crosses it.

The water potential of the potato cells is 0.3 M.

Practice Question

Q1 The graph on the right shows the net CO,
uptake of a plant over the course of three hours.

The compensation point is found where the
line crosses the x-axis. Give the time when
the plant reached its compensation point.

Net CO, uptake
(umols m™s™)
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Avoid x when you can — it’'s such a cross Jetter...

Don’t worry, | haven’t forgotten about the y intercept. Just have a little look at the next page... g0 on...
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