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Dealing with distributions: Grain size data
Welcome to this course on Dealing with Materials Data, we are going to look at the collection
analysis and interpretation of materials data. We have already done one module on introduction to

R, and we are learning now how to use R to do descriptive statistics.
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Module: Descriptive statistics

Presenting experimental results: dealing with distributions

{
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And in this we are going to look at how to present experimental results and we have already seen
how to present experimental results taking the conductivity of ETP copper as an example. So, there
were 20 measurements, and we presented those measurements in many different ways and we have

also found, those are rank based reports like histograms and dot charts and things like that.

And then we also made the summary of the data. We have also prepared summary based reports
like mean and the standard deviation and variance and quantities like that, quantiles and quantities
like that. So, in this session, we are going to look at another very common data that you would see
in material science and engineering. Which has a slightly different character compared to the

previous data that we looked at, namely the conductivity of ETP copper.
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Data as distribution

o Copper: conductivity data

o 20 measurements: each slighlty different due to errors and inaccuracies
o Data: normal distribution with a mean and standard deviation

o Single measurement: leads to a distribution

o Grain size is an example

o What is grain? How to determine the grain size?
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So, let us take a look at that. And when we looked at copper conductivity data, there were about
20 measurements, and each was slightly different due to errors and inaccuracies and the data itself
was a normal distribution and the mean was the value that we reported as the conductivity and

standard deviation said how much spread is there about this mean in the data.

When you do experiments, if you repeat the experiments, what are the values and how much away
are they from the mean. So, this, these are the two quantities that completely describe the data. So,
we reported the conductivity itself as mean 101.3 plus or minus standard deviation. It was either
point 1 or 0.1 percent in this case both the relative error and absolute terror happened to be same

numerically, but you can report it in either ways.

However, sometimes a single measurement leads to a distribution of values. Grain size is an
example. So, we will look at what is a grain and how do we determine grain size? So, that is what

we will look at now.



(Refer Slide Time: 2:46)

Polycrystalline copper: Grain structure

Figure: The grain structure in electrolytic tough pitch copper; the colours represent the crystallographic
plane that is perpendicular to the plane of the figure. Image courtesy: Dr. N Harshavardhana.
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This shows the example of polycrystalline copper and the colors represent different grains. So, this
is basically the grain structure in polycrystalline copper. This is the same electronic tough pitch
copper on which the conductivity measurements have been made by Doctor Harshvardhana. This

is actually taken from his thesis.

And there is a color triangle here and this triangle tells you that if you see a grain which is colored
red for example, that means that perpendicular to the plane of this screen, this grain has {001}
family of planes the normal is (001). Similarly, if you see any blue colored the grain that means,
that that grain is oriented in such a way that the in the plane of this screen perpendicular to that is
the normal of (111).

So, this is basically 111 plane and the normal leaves the normal to the plane and so, that is what is
colored as blue, so, near about these, then the color slightly changes. So, anything that is bluish
basically means that the normal perpendicular to the plane of this figure is given by that family of
planes and so this represents the grain structure. And this is for 101 family we use the green. So,

it is you can see that it is mostly blue and some red and some green, yellow and things like that.

So, this is the grain structure. Now, in order to say what is the size of grains in a material, so you
can see this is one single measurement, it is one single micrograph, and it gives you the grain’s
shape, size and distribution and if you look at the different grains, they all have different sizes. For

example, there are some intermediate sized ones, there are big ones, and there are very small ones.



For example, this is very small. So, you can see that there is a variety of grain sizes that are coming
out of one single measurement and this is very, very common. So, most of the materials are
polycrystalline metallic materials and alloys are polycrystalline and one typically measures the
grain size and as you can see, it is not sufficient to give a number and a standard deviation as in
the case of conductivity, because in the case of conductivity most of the values were lying slightly
away from the mean and that deviation was because of random errors or uncertainties in our

measurement, but that is not the case here, the grain size itself is distributed.

And so we need to give this information so sometimes just giving the mean and standard deviation
might not be sufficient or might not represent the true nature of what you are measuring or

observing.
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ASTM grain size

The ASTM grain number is n, if there are 2"~" grains in a square inch of the microstructure
when seen under 100 x magnification: See Raghavan, Materials Science and Engineering, for
example!
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Polycrystalline copper: Grain structure

Figure: The grain structure in electrolytic tough pitch copper; the colours represent the crystallographic
plane that is perpendicular to the plane of the figure. Image courtesy: Dr. N Harshavardhana.
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So, there is this concept called ASTM grain size and it is basically a number indicating what is the
grain size in a material and it is defined as follows. So, you take the microstructure under 100
magnification and in that 100 times magnification microstructure, you take 1 square inch, count
the number of grains and ASTM grain number is the n if there are 2 to the power n minus 1 grains

in that square.

So, we basically take a micrograph and we make sure that the magnification is 100x, and then we
take 1 square inch of that and count the number of grains and based on that, then we give a number

and this is called ASTM grain number for that microstructure or for that material.

And this is described in detail in Raghavan’s book on “Material Science and Engineering” for
example. So, so, we have this grain structure and we have the grain size measured by the ASTM

grain number.
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Two data sets

Q Grain sizes from two samples of steels;

@ Data generated by Mr S Poornachandra;

@ First set: grain ids and the grain sizes;

Q Second set: grain ids, phase ids and grain sizes; microstrucutre consist of two phases
@ Data files are very big.
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Polycrystalline copper: Grain structure

Figure: The grain structure in electrolytic tough pitch copper; the colours represent the crystallographic
plane that is perpendicular to the plane of the figure. Image courtesy: Dr. N Harshavardhana,
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And | am going to show two data sets. Both datasets give grain sizes in some steels, and these are
two different samples of steels. And this data is generated by Mr. S Poornachandra, who is a PhD
student at 11'T Bombay and he has given me this data set and the first set has grain ids and grain
sizes, | will show you the data set itself, we will open it in Libre Office and see and the second set

is slightly more involved because the second set is for a steel which consists of two phases.

So, in addition to grain id you also have a phase id. So, it either say that this is grain of phase 1 or
grain of phase 2 and then it will give the size of that grain, ok. That is because the micro structure

consists of two phases.



On the other hand, if you look at copper for example, it is a single phase everything is copper and
then we are getting the grains sizes. But, sometimes it can happen that there is more than 1 phase
and this is true for most of the alloys that are used in engineering application. Hardly any of them
are single phase materials. So, they will always have more than 1 phase.

And the second set is given to, to deal with such scenarios. So, you have in addition two grain ids
and grain sizes, also the phase ids. These data files are very big. As you will see, it is no longer
practical to enter these numbers by hand. Fortunately for us, these are data files that are generated

from the computer.

So, you can save them in the CSV format, which is what Mr. S Poornachandra has done and given
the data files to us for our study, and we are going to load this CSV data file and we are going to

do the analysis on that.
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Steel: grain size data

o Data stored in GrainSizeDataSet1.csv and GrainSizeDataSet2.csv.
o We can open in LibreOffice and inspect.

o Let us try all the descriptive analytical tools that we learnt.

o It is always a good idea to just plot the data.

o Even though there are several measures of grain size, we will use ASTM grain size in
these exercises

0
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So, the two data sets, one is called grainsizedatasetl.csv and the other one is called
grainsizedataset2.csv. So, as you might have noticed, we want to give names as much as possible
which are intuitive and easy to understand and clear to follow. So, we are willing to open these

files in Libre Office and inspect so let us do that.
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o Data stored i
o We can open

o Let us try all the descriptive analytical tools that we learnt.
o It is always a good idea to just plot the data.

taSet2.csv.

o Even though there are several measures of grain size, we will use ASTM grain size in

these exercises

o Data stored i
o We can open

taSet2.csv.

o Let us try all the descriptive analytical tools that we learnt.
o It is always a good idea to just plot the data.

o Even though there are several measures of grain size, we will use ASTM grain size in

these exercises
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So, let me go to the data and let us open grainsizedatasetl.csv, and so there is this column integer
identifying grain like 1, 2, 3, 4 etc. and these are the number of measurement points in the grain
and the area of grain in square microns is given. So, this is also a measure of the grain size, you
can give the area of the grain in, in square microns and then you can also give let us go here, the

diameter of the grain in micron.

So, obviously, as you are seen the grains are not circular or spherical, but you can get the equivalent
circle of this area, what is going to be the diameter of such a circle. So, it is possible to give an
equal and diameter for grains, that is one way of defining an equivalent diameter, but that need not
be the only way, but this is again another measure this is, this is an area measure, this is a length

to measure.

So, we also have the ASTM grain size, which is like a number so, you can also give a number of
measures. So, there are three different measures of grain sizes that we see here and one is the area
measure, the other one is some length measure, the other one is a number. And for our analysis,
we are going to use the ASTM grain size with the integer identifying grain. So, this is one single
data set and it already gives you large number of grain sizes and so we are interested in looking at
the distribution. So, the data itself is distribution.
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o Data stored i taSet2.csv.

o We can open

o Let us try all the descriptive analytical tools that we learnt.
o It is always a good idea to just plot the data.

o Even though there are several measures of grain size, we will use ASTM grain size in
these exercises

o Data stored i I taSet2.csv.

o We can open -]

o Let us try all the descriptit = — -

o It is always a good idea to ' i

o Even though there are sevt i - : iill use ASTM grain size in

these exercises
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If you look at the second data set, it is very similar to the first 1, except that now there is an extra
column which is called phase identity. So, it again after giving the phase identity, then it gives

integer, which identifies the grain and the number of measurement points in the grain and the area

‘28

243
243
243
243
243
237
237
233
243
243
216
243
243
243

of the grain and diameter of the grain and the ASTM number.

By the way, the number of measurement points in the grain should also be proportional to the size
of the grain because if you are taking measurements at periodic distances, then if you have larger

area, you will have more measurements. So, this is also at some level another measure of the size

of the grain.
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o Data stored i
o We can open o

o Let us try all the descripti s s o £ v

o It is always a good idea to ' >

o Even though there are seve
these exercises
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But as you can see, these data files are too big. So, for example, the grain size too, if you go down
and you can see somewhere of the order of 3600 data points are there. And similarly, the first a
data set that we had that grain size 1, it is not that big, but it is still reasonably big and so I think
this has about 480 or 500 data points. So, so we have about 486 data points.

So, obviously, generating such a data file by putting data, data by hand into R is not practical and
it is also not meaningful because manual entry can introduce its own errors. So, this data comes
from the computer and it is stored as csv so that we can import this data into R and start working

with it.
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Steel: grain size data

o Data stored in GrainSizeDataSet1.csv and GrainSizeDataSet2.csv.
o We can open in LibreOffice and inspect.

o Let us try all the descriptive analytical tools that we learnt.

o It is always a good idea to just plot the data.

o Even though there are several measures of grain size, we will use ASTM grain size in
these exercises
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So, we are going to try all the descriptive analytical tools that we learned while dealing with
connectivity. In looking at this grain size data for both the sets. It is always a good idea to just plot
the data to have an idea of what the data looks like, of course, you can open in Libre Office and
inspect, but that is still very cursory and you can try to get a overall picture of the data just by
trying to plot this data. So, we are going to do that also and we are going to mostly use ASTM

grain size for our exercises.

So, any of the measure of grain size can be used, but we are going to stick to ASTM grain size for

this, for this session, ok. So, let us go.
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Data set 1: Rank based reports

o Scatter plot

o Stem-and-leaf plot and dot chart
o Cumulative distribution

o Histogram plot

o Box-and-whisker plot

— Duslig with Matershs Data e a/9

For the data set 1, let us do this rank based reports. We have learnt about several ranks based
reports, scatter plot, stem-and-leaf plot, dot chart, cumulative distribution, histogram plot and box-

and-whisker plot. So, we are able to do all these rank based reports.
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Property based reports

o Mean, median, standard deviation, variance and quantile
o Plot the data along with property based reports
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And for the data set 1 we are also going to do the property based reports. Those are mean, median,
standard deviation, variance in quantile. And of course, finally, we are going to plot the data and
we are going to indicate this property based values on the plot to have a better understanding of
the data.

So, that is what we are going to do in this session. So, for data set 1 and we will come back to data
set 2 in the next one, ok.

(Refer Slide Time: 14:28)
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R version 3.6.1 (2019-67-05) -- “Action of the Toes"
Copyright (C) 2019 The R Foundation for Statistical Computing
Platforn: x86_64-pc-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY,
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details

Natural language support but running in an English locale
Propagation of uncertainty using higher-order Taylor expansion and

R 15 a collaborative project with many contributors. Monte Carlo simukation
Type ‘contributors()' for more information and

‘citation()' on how to cite R or R packages in publications

[

Type 'deno()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.
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Type 'demo()' for sone demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'a()' to quit R.

> getwd()
[1] "/hone/qurs m:-,op/beallngﬂ\thﬂaterialsoata'

> list, files("lf) 1
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Type ‘contributors()' for more information and
‘citation()' on how to cite R or R packages in publications.

Type 'deno()' for some demos, 'help()' for on-line help, or
‘help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.
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> getwd() IS

[1] "/hone/guru/Desktop/DealingiithMaterialsData” Ironien (pmorien) [yS——
> list, files("Data/") Propagation of uncertainty using higher-order Taylor expansion and
[1] "CubefAnnealedConductivity.csv" Monte Carlo simulation

(2] "Elenents.csv” Dancrptin

(3] "Elenents2.csv" gm0

[4] "ElenentsNaneSor ted. csv" e :
[S] "ElenentsTnSorted.csv" el o WL

[6] "ETPCuConductivity.csv" N, 0, M T 11 TN, 4 88
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(8] "GrainSizeDataSet2.csv*
[9] "SpecificStrength.csv" -
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Type 'contributors()’ for more information and S S p—
‘citation()’ on how to cite R or R packages in publications. Data

X 485 obs, of 5 varfables
Type 'deno()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help,
Type 'q()' to quit R.

> getwd() .- o

[1] "/hone/guru/Desktop/DealingiithMaterialsData” R ST

> list.files("Data/") [ o

[1] "CubefAnnealedConductivity,csv" Propagation of uncertainty using higher-order Taylor expansion and

[2] "Elenents.csv" Monte Carlo simulation

(3] "Elements2.csv" Oevcripton

[4] "ElementsNameSorted.csv"

[S] "ElenentsTnSorted.csv"

(6] "ETPCuConductivity.csv”

[7] "GrainSizeDataSet1.csv”

[8] "GratnSizeDataSet2.csv”

[9] "SpecificStrength.csv"

» X € 13.cv("Data/GrainSizeDataSet1,csv")
tr (X 1
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So, as usual to do the data analysis, we have to open R we have to look at the R version it is 3.6.1
“Action of the Toes’ and we have to find out which directory we are that is by using get working
directory. So, we are in the dealing with materials data directory. So, we are going to load the data
and so to load the data we need to know which are the data files so let us just look at the files in

the data directory.

So, if | say data, so there are all these files and we are interested in grainsizedatasetl.csv and
grainsizedataset2.csv. So, first we are going to deal with grainsizedatasetl.csv. So, let us do that.
So, let us load the data into the variable x. and importing is done by using read csv because it is a
csv file and we are going to say from the data directory, and it is grainsizedatasetldotcsv.

So, let us read it, ok. So, as you can see immediately R tells you that there are 485 observations
and 5 variables which we have already opened in Libre Office and saw so let us get some more
information on the X so it is a data frame. It has 485 observations and 5 variables and those 5
variables are listed here, integer identifying grain, number of measurement points in the green,

area of grain in square microns, diameter of grain in microns and ASTM grain size.

And you can see that integer is for example int, it goes as 1 2 3 4 etc. and the number of
measurement points is 3 769 130 8 etc. area of grain has some 321 levels 0.00624, 0.00935, etc.
and diameter of the grain again is a number it is 0.11 1.75 etc. and as you can see 0.11 and 1.75.
So, number of measurement points is 3 and 769. So, that is also sort of consistent with what one

would expect and the ASTM grain size is given 23.7, 15.7 etc., ok.
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So, the easiest thing to do is to just you can you know without opening even in Libre Office so you
can say head x for example. So, it will give you the first few lines, 5, 6 lines. So, you can do and
you can also do the similar command till to look at the last few lines. So, this is another way of

taking a look at the data, but this is not the complete data.

So, one of the easiest ways to get the complete data is to plot x, like I told you last time, when you
say just plot x for a data frame it makes a table of plots. So, it takes each of these variables, there
are 5 variables and it plots each against all the other variables. So, 5 into 5 there are 25 boxes that

you can see and.



So, you see 4 4 4 4 4, So, 20 plots are there and our interest is with the ASTM grain size. In fact,
we are interested in looking at the integer identifying grain and the ASTM grain size, ok. So, that

IS what we are going to plot and, and see. So, let us do that.

(Refer Slide Time: 18:08)
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So, let us go and look at so, so this is how the figure looks. So, this is a slightly bigger picture. So,

you can clearly see what is there along the diagonals, and how the data plot looks like.

(Refer Slide Time: 18:22)
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3.1 Scatter plots

Even though such tabular plots are useful to get an overall idea of the data, more useful is the plotting of
specific columns of the data, For example, let us say, we are interested in plotting the grain id against their
ASTM grain size. The following script gives such a plot

lot(X(,1),X[,8))




v ~
o o

482 Y L [

483 39 Data

484 6 X 485 obs, of 5 varfables

485 16
Area.of .grain.in.square.nicrons

480 0.00935

481 0.125

482 0.115 .o

483 0.122 P,

484 0.0187

485 0.6499 -
Diameter.of .grain.in.nicrons ASTM.gratn.size { ,

480 0.11 2. U t

481 0.40 20.0 l

482 0.38 20.1 o

483 0.39 20.0

484 0.15 2.1

485 0.25 1.3

> plot(X) ] &2 = il

> plo{(r(,ll,x[,S]) ' R o -

REobBAN@eE

. = 4 .

> plot(X) X 485 obs, of 5 variables
> plot(X[,1],X[,5]))

> X(L1)

(M 1 2 3 4 S5 6 1 8 9
(10 10 11 12 13 14 15 16 17 18
(199 19 20 21 2 23 4 25 26 2
(28) 26 29 31 2 3B MW B N B
(37 4 4@ 4 4 45 4 ®© s 5
[46] 52 53 54 56 57 58 59 60 62
(5] 64 66 61 7 7 719 81 8 8
[64] 85 87 89 92 93 95 160 103 104 °
(73] 107 108 118 119 120 122 123 124 131
(82] 132 133 135 136 137 138 139 140 141
(91] 142 143 144 145 146 147 148 149 150
[100) 151 153 1S5 156 157 159 160 16} 162
[169] 163 164 165 166 167 168 170 171 172
[118) 173 174 175 178 179 181 182 183 184
[127) 185 186 189 190 37640 37641 37642 37643 37644
6] 37645 37646 37647 37648 37649 37651 37652 37653 37654

- - -
- )

- — —
. g
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So, the first thing that we want to do is to make us scatterplot. We want to say that, ok, integer
identifying grain against the ASTM grain size. So, let us just plot that quantity and see. When |
plot that quantity, you see that there are lots of data points, quite close to 0 here and lots of data
points are somewhere about 37,000 or 38,000. We know that there are 485 observations, and all

of them are clustered in two places, and rest of it in the middle is empty.

So, this picture is really not very helpful for me to understand how the data looks. So, | want to
understand why and because everything is clustered around the, the first variable near about O or
near about 30,000. Let us just look at what this integer identifying grains looks like. So, if you do

that, of course, you can see that the numbers initially start as 1 2 3 4 intuitively, that makes sense



and somewhere about 190 suddenly there is a jump to 37,640. And that is why after 190 you do
not see anything before 37,600 and (())(19:44).

So, which means that it is not meaningful plot to plot data like this. So, for the scatterplot let us try

to remove this gap in the figure and trying to make a scatterplot.

(Refer Slide Time: 20:05)

From the output on the screen, it is clear that the gap is between 200 and 37600, So, let us now plot the
data but with a gap in the x-axis for these values. This is achieved using the plotrix library:

Library(*plotriz®)
gap.plot (X[, 1) X[, 8] , gap=c(230,37600) ,gap. axiu="s")

e (i Gole Yow P jeses A Qe e D e

* -

o — - B R an]

[316] 37912 37913 37914 37915 37916 37917 37918 37919 37920  * Avwerwem
[325] 37922 37923 37924 37925 37928 37929 37930 37931 37933  Data
[334) 37934 37935 37936 37937 37939 37940 37943 37944 37949 X 485 obs. of 5 varfables
[343) 37952 37953 37954 37959 37960 37962 37965 37966 37967

[352] 37968 37969 37976 37973 37975 37981 37985 37992 37998

[361) 38002 38003 38006 38007 38008 38010 38011 38013 38015

(376) 38017 38018 38019 38020 38022 38025 38028 38035 38036

[379) 38038 38039 38041 38042 38043 38045 38046 38649 38050 - —

[388) 38052 38054 38064 38065 38067 38069 38074 38076 38077 T
[397) 36078 36080 36085 38086 38088 38090 38091 38695 38699
[406) 38100 38107 38108 38109 38112 38113 38114 38115 38116
[415) 38118 38121 38123 38134 38137 38139 38141 38142 38144
[424) 38151 38153 38156 38157 38158 38159 38164 38165 38171
[433) 38172 38176 38177 38178 38180 38181 38182 38189 38190
[442) 38191 38194 38195 38200 38201 38202 38206 38213 38219
[451) 38220 38221 38222 38223 38224 38227 38230 38235 38237 £
[460) 38245 38248 38249 38252 38253 38254 38256 38259 38260
[469] 38268 38269 38276 38278 38282 38285 38286 38296 38297
[478) 38299 38360 38301 38310 38311 38312 38313 38314

(*plotrix") ) wece sese B

> »
- ——— 08
 —— g )

11,X(,5] ,90pec(2 0),9ap. axiss"x I
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[352) 37968 37969 37970 37973 37975 37981 37985 37992 37998  * Avwerew
[361] 38002 38003 38006 38007 38008 38010 38011 38013 38015  Data
[370) 38017 38018 38019 38020 38022 38025 38028 38035 38036 X 485 obs, of § vartables
[379] 38038 38039 38041 38042 38043 38045 38046 38049 38050

[388] 38052 38054 38064 38065 38067 38069 38074 38076 38077

[397) 38078 38080 38085 38086 38088 38090 38091 38095 38099

[466) 38106 38107 38108 38109 38112 38113 38114 38115 38116

[415) 38118 38121 38123 38134 38137 38139 38141 38142 38144 e e e me v

[424) 38151 38153 38156 38157 38158 38159 38164 38165 38171 Slaat A

[433) 38172 38176 38177 38178 38180 38181 38182 38189 38190
[442) 38191 38194 38195 38200 38201 38202 38206 38213 38219 5 = TR
[451) 38226 38221 38222 38223 38224 38227 38230 38235 38237 . .
[460) 38245 38248 38249 38252 38253 38254 38256 38259 38260 | ob b

[469] 38268 38269 38276 38278 38262 38285 38286 38296 38297 . | [

[478) 38299 38300 38301 38310 38311 38312 38313 38314 i
> library("plotrix") L8
> gap.plot(X[,1],X(,5],08p=c(230,37600) ,9ap. axis="x") G204 || hsesss "
> plot(X[,1],X[,5)) N AT | B A Y
> library("plotrix") :
> gap.plot(X[,1],X[,5],00p=c(230,37600),9ap.axis="x")

> s

hEobhBAN@eE

For doing that, we have to use a library and that library is known as plottricks, ok. So, let us take
these two commands and let us put it in our. So library, I am going to use the plottricks library and
plottricks library allows you to plot a gap plot. So, x1 and x5, that is what we are plotting the first

column versus the fifth column.

But there is a gap and the gap is | am telling that ok the gap is between to the 230 and 37,600. So,
those data points will be left out the gap axis is x, because that is the x axis and | want to leave out
in X these points, and for the rest we are going to plot. So, if you do that, of course, now the data

is easier to visualize.

But there is a difference. You know, when we plotted see the x was labeled 1000; 0, 10,000 20,000
30,000 etc but when you do the gap plot the tick marks have disappeared so we have to get them
back.



(Refer Slide Time: 21:25)

Let us now do a bit more work on the plot and improve it by adding a title, and proper labels for x and y
axes,

Iibrary(*plotriz")
gop plot (X0} X 0,5)  gapee (280, 57600) ,gap, wxise"s" maine"Grain 10 and ASTH gra) S ESERRNERIEHHEIEISIEN

~

Phe (A Colv Yow P jewes N Qv e i b
) ol &0 . -
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(388 38652 38054 38064 38065 38067 38069 38074 38076 38077 Awere
[397) 38678 38680 38085 38086 38688 38090 38091 38695 38699  Data

[406) 38100 38107 38108 38109 38112 38113 38114 38115 38116 X 485 obs. of 5 vartables
[415) 38118 38121 38123 38134 38137 38139 38141 38142 38144

[424] 38151 38153 38156 38157 38158 38159 38164 38165 38171

[433] 38172 38176 38177 38178 38180 38181 38182 38189 38199

[442] 38191 38194 38195 38260 38201 38262 38266 38213 38219

[451] 38220 38221 38222 38223 38224 38227 38230 38235 38237 e mm mewmn mn v

[460] 38245 38248 38249 38252 38253 38254 38256 38259 38260 ‘

[469] 38268 38269 38276 38278 38282 382685 38286 38296 38297 Grain sz vervus Graln 1D plot

[478] 38299 38300 38301 38310 38311 38312 38313 38314 [ 3 w T T

> Wbrary("plotrix") - g " .

> gap.plot(X[,1],X([,5],qap=c(230,37660),gap.axis="x") Al , E . .

> plot(X[,1],X(,51) i
> Ubrary(“plotrix") 1
> gap.plot(X[,1],X([,5],9ap=c(230,37660),gap.axis="x") ;
> library("plotrix")

> gap.plot(X[,1],X[,5],99p=c(230,37660),9ap. axis="x" ,naln="Gra

in size versus Grain 10 plot",xlab="Grain 10", ylab="ASTM Grain
size”) '

G0
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So, we will do that there is a way to get the tick marks, ok. There is also a way to get the other
information. So, ok. So, so, let us go back and do this. So, of course you can get the title, this is

the so the, the labels also says the x little ones, y little ones, etc.

So, let us change, let us say, let us call this plot as grain size versus grain ID lot and x label should
be grain ID and y label should be ASTM grain size. Let us do that. So, we have grain size versus
grain 1D plot, ASTM grain size versus grain ID so that is what is given and that is what this

command is and you can see grain ID versus.

(Refer Slide Time: 22:38)

Grain ID

We see that the plot is much better now. We need one more thing before we can finalise the plot. There are
10 tic marks on the x-axis after we introduced the gap in the plot. Let us fix it

ary(*olatrizt)
gap.prov(X( 1), X[,5) . gapec(230,37600)  gap . axia=*s",
main="GOrain 1D and ASTM grain size®,xlab="Grain ID*,

ylab=*ASTN Grain Size",xticawc(0,100,200,37600,37700,
37800,37900, 3800, 38100, 36200, 38300, 38400) ) |}

REORBRIO®E
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[451] 38220 38221 38222 38223 38224 38227 38230 38235 38237 | A
[460] 38245 38248 38249 38252 38253 38254 38256 38259 38260 Data
[469) 38268 38269 38276 38278 38282 38285 38286 38296 38297 X 485 obs. of 5 variables

[478] 38299 38360 38301 38310 38311 38312 38313 38314

> library("plotrix")

> gap.plot(X[,1],X[,5],90p=c(230,37600),gap.axis="x")

> plot(X[,1],X[,5))

> Library("plotrix") o - -

> gap.plot(X[,1],X[,5),9ap=c(230,37600),9ap. axis="x") Bl

> library("plotrix") Grata 10 a0d ASTM geain aize

> gap.plot(X[,1],X[,5],00p=c(230,37600) ,gap.axis="x" ,main="Gra . — T
in size versus Grain 10 plot",xlab="Grain 10" ,ylabs"ASTM Grain : "
size”)

> gap.plot(X[,1],X[,5],9ap=c(236,37600),gap.axis="x",

+ natns"Gratn 10 and ASTM grain size",xlabs"Gratn I

R1
'

3 .| &ee \ Y X
K 37 gl | Snedoaey )
+ ylab="ASTM Grain Size",xtics=c(0,100,200,37600,3770 e o : TR o’
[ @ % 5, 0
+ 37860,37960, 3800, 381 ) ST IR (8 AR KO R e
00,38200,38300, 38400)) S m e e e wes 00 e
> om0

REobRRAMNO~R

So, now let us also introduce the x tick marks, ok. So, I am going to cut paste this command, ok.
So, let us look at this command again it says is gap plot, 1, which is the first column ID grain ID,
5, which is the fifth column which is the ASTM grain size and we are plotting and it is a gap plot.

So, we are saying that there is a gap in x axis and the gap is from 230 to 37,600 and so, the, the
plot is called grain ID and ASTM grain size plot x label is grain ID, y label is a same grain size,
then we are saying introduce the x tick marks and the technique should go from 0, 100, 200 that is
this part and then 37,600 onwards up to 38,400 because we can see that the data is up to 38 3 on

4. So, 38,400 should about cover the entire range.

If we do that, of course, we have the complete data now plotted the, and, and figure looks very

neat and professional now. So, you can save this figure, ok. So, let us do that.



(Refer Slide Time: 23:53)

0 100 200 37700 37900 38100 38300

Grain ID

Now, the fiigure looks nice and professional, Let us save the figure as a pdf file for later use.

1ibhrary(*olotrix?®)
pdd ("Figures/OraioSizeScasterPlot. pdf*)
gop. plot (X 1), X(,5), gap=c(230,37600)  gap i axsur*s*,
saine*train 10 and ASTH grain size®.xiabs“Grain ID*,

ylab**ASTN Grain 8ize",
38200, 38300, 38400) )

*c(230,37600) ,

D and ASTH grain aize*,xlabs"Grain 10, «*ASTN Grain Size",

P (0 Gol Yew s e DA Qv e D e

Sy AR C Gevement  Wtery (et

> Library("plotrix") O e

> gap.pLot(X[,1],X[,5],9ap=c(230,37600) ,gap.axis="x" ,nain="Gra |03t

in stze versus Grain 1D plot",xlabs"Grain 10" ,ylabs"ASTM Grain | ¢X 485 obs. of 5 variables
size”)

> gap.plot(X[,1],X[,5),9ap=c(230,37600) gap.axis="x",

‘ natn="Gratn 1D and ASTM grain size",xlabs"Gratn I

0",

+ ylab="ASTH Grain Size",xtics=c(0,100,200,37600,3770 s ww mows we voum

0, i i
+ 37800,37960, 3600, 381 Grain 10 and ASTM geain e
00,38200,38300,38400)) . o e im0

> pdf("Figures/GrainSizeScatterPlot.pdf") 5 -

> gap.plot(X[,1),X[,5],9ap=c(230,37660) gap.axis="x", s d . H
+ nain="Grain 10 and ASTM grain size",xlab="Grain I ' § 5 wsglh . ‘

0", ylabs"ASTH Grain Size", ] Al | 25, BT i s
+ xtics=c(8, 100,200, 37660, 37760, 37800, 37960, 3860,3810 & * { ;,,, PG “gﬁ.‘ S 90 v
0,38200, 38300, 38400)) 2 R R AR TN i
> dev.off() o] 8%%% AT R Y
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> library("plotrix”)
> gap.plot(X[,1],X[,5],0:
{n stze versus Grain 10
size”)
> gap.plot(x[,1],X(,5],9
naln="Grain 1

S obs. of 5 variables

‘
0°,
+ ylab="ASTH Gr
9,
00,38200,38300,38400)) - O (O :
> pdf("Figures/GrainSizeScatterPlot.pdf") A 0
> gap.plot(X[,1],X[,5],qap=c(230,37660),9ap.axis="x",

+ natn="Grain 10 and ASTM grain size",xlab="Grain I §
D", ylabs"ASTH Grain Stze", )
+ xtics=c(0,100,200,37600,37700,37800,37900,3800,3810 ; LR «, i
0,38200, 38300, 38400) ) TaBhy
> dev.off()

RStudiotd 1
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> library("plotrix")
> gap.plot(X[,1],X[,5],0
{n size versus Grain 10 ¢
size”)
> gap.plot(X[,1],X[,5],9

natn="Gratn 10

5 obs. of 5 var{ables

+
0%,
+ ylab="ASTM Gr
0,

+
00,38200,38300,38400)) €, 0y ] -
> pdf("Figures/GrainSizeScatterplot.pdf") Y J oo
> gap.plot(X[,1],X([,5],9ap=c(230,37600) 9ap.axis="x", $ P i T

+ main="Grain 1D and ASTN grain size",xlab="Grain I el
0", ylabs"ASTH Grain Stze", }
+ xtics=c(0,100,200,37600,37760,37800,37900, 3600, 3810 2
0,38200,38300,38400) ) |
> dev.off()
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Grain ID and ASTM grain size
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We have done it already. So, we will do once more. This is very common. So, we want to save it
as a PDF in the figures directory, we want to call this as grain size scatterplot dot PDF and that is
what the name of this file be and we are just going to give the plotting commands and device of to

tell our to close this PDF file and come back to showing figures to you on the screen.

So, we do and there is a plot that is generated. So, we can go to the figures directory and see that
there is a file that is generated this is a grain size scatter plotter dot PDF. So, you can look at the
properties and you can see that it is just generated now, ok. So, this is the plot that is generated.

Grain ID versus ASTM grain size, ok. So, what is the next step?

(Refer Slide Time: 25:07)
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32 Stem-and-leaf plot and dot chart
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Stem and leaf plot and dot chart and other measures. So, we will do that next.



