Center of Mass (CM):

The center of mass is a point which locates the resultant
mass of a system of particles or body.

It can be within the object (like a human standing straight)
or outside the object like an object of an arc shape.

Center of Gravity:

Similarly, the center of gravity (CG) is a point which locates
the resultant weight of a system of particles or body. The
sum of moments due to the individual particles weights
about center of gravity is equal to zero.

when CG extends beyond its support base

AN
i 3m ‘ 111]1|
AL® .. B
I N G 3N
Center of Mass and gravity of a System of Particles:
Consider a system of n particles as shown in the figure. The w,
net or the resultant weight is given as Wr= 2W. J) ¥

Summing the moments about the y-axis, we get:

X WR = xXIW1 + x2W2 + ... + xn Wn

0%
:

Oe—%
=

where: x1 represents x coordinate of W1, etc.. .
W: weight of practical L7
WR: resultant weight ( Total weight ) *

Similarly, we can sum moments about the x- and z-axes to find the coordinates of G.

By replacing the (W ) with a ( M) in these equations, the coordinates of the center of
mass can be found as the following:

B me X, _ Z m;v, m;. is the mass of each particle

X = o T
M ¥ M: is the sum of the masses of all

particles

-~ > m,z, VIV »

zT = &=d - Xi, VYi Zj. is the position of each
M particle with respect to the

origin
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Example:
corners of a square of side a. Locate the centre of mass.

Y
4 3
m 5 C m
A B
m 2m X

Solution:

Take the axes as shown in figure. The coordinates of the four particles are as follows.

Particle Mass x-coordinate y-coordinate
A m 0 0
B 2m a 0
C 3m a a
D 4m 0 a

Hence, the coordinates of the centre of mass of the four particle system are

mO+2ma+3ma+4m .0 a

m +2m = 3m + 4m 2

mO+2m.0+«3ma+4dma Ta

m + 2m + 3m + 4m 10

_ ‘a /a)
The centre of mass is at 210

Center of Mass and Gravity of an Object

A rigid body can be considered as made up of an infinite
number of particles. Hence, using the same principles as -
in the previous section, we get the coordinates of G by 1

simply replacing the discrete summation sign ( £ ) by the -
continuous summation sign (/) and M by dm. :

-

_ [xaw [yaw — _ [zaw
— R . =

J’.ffw' ' J'dw' ' J'dw ;

=l

The center of mass of a rigid body can be determined using the same principles employed
to determine the center of gravity. Therefore, the center of mass of a body can be

expressed as;

E:l_[xdm: f:Lr}'dﬁ?
"-.1'-{. .'.1{"
E:l—rza’m
A -
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Centroid:

The centroid C is a point which defines the geometric ':ib—-|

center of an object. The centroid coincides with the MH:

center of mass or the center of gravity only if the s T
material of the body is homogenous (density or —|——— —— 5 -
specific weight is constant throughout the body). If an i ﬂ

object has an axis of symmetry, then the centroid of
object lies on that axis.

Its location with respect to the origin ( X y and z ) can be determined using the
same principles employed to determine the center of gravity of a body. In the case
where the material composing a body is uniform or homogeneous, the density or
specific weight will be constant throughout the body. These values will be factored
out from the integrals in finding the center of mass and center of gravity and
simplifying the expressions. In this specific case, the centers of mass, gravity and

geometry coincide. .y
= D A, s > Ay,
A T A
_ fxaa . JydA
1€ X = Vy="—" ‘an area.
A A :

-

Note: If the material composing a body is uniform or homogeneous, the density or
specific weight will be constant throughout the body, then the centroid is the
same as the center of gravity or center of mass

Example:
Locate the centroid of the T-section shown in the Fig. , 100 »
10 i 1S T
Solution. Selecting the axis as shown in Fig. 2.29, we can T A | 20 A
say due to symmetry centroid lies on y axis, ie. X = 0. y : _T_c_)‘ i
Now the given T-section may be divided into two rectan- I |
gles A, and A, each of size 100 x 20 and 20 x 100. The ?G
centroid of A; and A, are ¢,(0, 10) and g,(0, 70) respectively. |
.. The distance of centroid from top is given by: fg 100
100x20x10+20x100x 70 |
P =
100 x 20 +20 x 100 ‘l
= 40 mm l
Hence, centroid of T-section is on the symmetric axis at a —{ 20 |+
distance 40 mm from the top. Ans. '

Y
All dimensions in mm
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Centroid of common areas:

Centroid of composite area:

We can break this figure up into a series of shapes and find the location of the local
centroid of each as shown in the following;

a

|‘ xdA +
iy

YA+ L'; dA

Az

X=

Jat[das|aa

Example:

+®
1.5 fi r 55
l ‘ |"l
ke ta—a]
1.5 ft) 1 fl
M. Sc.

‘<

| |
L 2 3
I - ",
W | l |
| | |
TI -]
X -
Y -
y
o e —2.5 ft —
!
2 ft
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Example:

Determine the centroid of the area

I40‘mn\
_%7,\-
I-H)‘mm
Solution:
;I‘ AE EJ'AJ-
Rectangle |100 (200)(280) | (100)[(200)(280)]
4100 1 > 5
Semi-circle g ——z(100) —4{]—["]} lj‘r[]ﬂﬂ}'
3T 2 3T 2
¥ ¥
:l | 1 B!\:“""
S
x.- *i _
um}[[zm}{zaﬂ}]—Mqumf |
T = XA +x AL _ 3 2 D 1T
A, +4, [EDDIEEG]—%E{I-DD]:
Moment of Inertia: v T« ‘

The moment of inertia can be considered as a
shape factor which indicated how the material is
distributed about the center of gravity of the cross-
section. It's also defined as the capacity of a
cross-section to resist bending. It is usually
guantified in m4 or kgm2

So, the moment of inertia has a significant effect

/-éL dA=(dx) (dv)

on the structural behavior of construction
elements. The formulas used for determining the o
moment of inertia are:

]I:Zyzd.a[ 7 -

or by using calculus

.= dd

| x: Moment of inertia about X axis
| y: Moment of inertia about y axis

J e

7. =] x4

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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The physical meaning of moment of inertia:

2m
—osm e tm
Area 1m?2
Moment of 0.02 m*
Inertia
Example:

1m=2

0.08 m#

~--2m

« Moment of Inertia of a Rectangular Area.

v

- dA = bdv

[f‘l.'
..1-.
—

fr é

— dAd = hdx

- (71
3 e
hb*®
s E; <
M. Sc.

0.5m
------- 2met--------------pel-- 4
1m?2 1m2 1m?2
0.33m4 0.55m* 2.79m*
Y - dA = (b/2)dv

f ’_:I

Khalid Ahmed / Engineering College - University of Diyala
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Moment of inertia of common area:

Centroid Location Area Moment of Inertia Centroid Location Area Moment of Inertia
y //A =bh
T / L3
h c X [y = 30l o
| \
| b \ 1113
Iy = zhb
I = tmr
Rectangular area
Semicircular area
Centroid Location Area Moment of Inertia Centroid Location Area Moment of Inertia
y y

A=mr-
L= 1]_(;, mrt
I, l.\' = %n-'.-t

Circular area

3n

Quarter circle area

Centroid Location Area Moment of Inertia
A = %bh
h C | -
J_ / * \ ‘\': ‘[f - Ebh N
I IT iy .
| b I 3

Triangular area

Moment of inertia of composite areas:

Moment of inertia Break into simpler Add (or subtract)
of a complex area shapes, then compute m.o.i. of simple
moment of inertia of shapes

them (using the table)

) = 1 |-© = -
15

VAR & | ’Lse

use eg, xp Gnpute. T4 %
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Parallel Axis Theorem:

If you know the moment of inertia about a centroidal axis of a figure, you can
calculate the moment of inertia about any parallel axis to the centroidal axis using
a simple formula;

I =1+ A4y’

z

[ : moment of inertia around z axis, [ : moment of inertia around z axis
=

A : area of the figure

Y : distance from the centroid to z axis along y axis

Example: find the moment of inertia using parallel axis theorem

LA
h/2 bk’
4 __ _ | x 12
- IT — !
’ 3

b

I_=17I_+.Ad”

B b’

12

+(E:rhj(gj3

Y b’
_|_
12 4

. b’

-
|

¥

X

Where d: is the distance from the centroid to ( X ) axis
A : area of the triangle
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Example:

Compute the moment of inertia of the composite area shown.

100 mum

[e——

A

25 mmn 75 mm

— _\“.
>,

LA

-

75 mm

Solution:

100 mm

L

i 75 munm
ha—

e

r'y

LA

-
i

75mm = (d )q;

X
b . = 2
Ix = (TJRE-:T o (I:r + A{f} jf'i'r'

1 1 2 :
= [3(100)(150)3]&” -5 7(25)" + (7% 25°)(75)*1cs

= 101x10% mm* <—
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Examples & solutions

Example my=4Kkg
7
Find the centre of mass of
.. ) - . 2m
the distribution of particles
shown:
@<——3m —@
m, = 1 kg m, =2 kg
Solution:
. 777 3
Choose a coordinate 2> o
axes (any will do)
7717 715
: : o— »
3 X
L _myx X, X, (DO @S EHG 18, o
X = = —=2.
n1 = 11, 1+2+4 7
oy v, +msy; (DO DO+ 8
Ve = = =—=1.14
m1, + 1, + 1y 1+2+4
y y
Example g ..
+ = ce
_____ [32]
Determine the centroidal x and y distances for the compos- 3 . 3" ‘,‘,‘I
ite area shown. Use the lower left corner of the trapezoid as X = *
the reference origin. 9" L
x=5"
Component Area (4) (in?) X (in.) XA (i) ¥y (in.) yA(in)
. . 2025in°
D =
ol 4 40.5in?
0 9'(3" .
"1 = —(2—) = 135in2 6 81in’ g 54in’ =5ifi
o ¥, X
(@) .
. 945in°
F= 9
, 40.5in
L =2.33in
. 1 Ey 9"(3") =27 in.? 45" 1215in? 15" 40.5in.?
L% |
(b)
A=Y 4=40.5in" > ¥4=202.5in’ > 74 =94.5m.°

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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Example: Find the centroid of the following shape:

1in

1in

Solution:

We can break this figure up into a series of shapes and find the location of the local
centroid of each

1in

1in

| 3in

Make a table contains the parameters as shown;

D Area X; x*Area V; y*Area
(in°) (in] (in°) (in] (in°)

A 2 05 1 1 2

Ao 3 25 7.5 0.5 1.5

A 1.5 2 3 1.333333 2

Ay -0.7854 |0.42441)-0.33333 | 0.42441 |-0.33333

5714602 11.16667 5166667

* oo oy fossE

X =1.9541, y=0.904117  Ans.
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Given: The part shown.

y N L Find: The centroid of
o | \,\_\ the part.
d- = i Plan: Follow the steps
for analysis.
Solution:

1. This body can be divided into the following pieces:
rectangle (a) + triangle (b) + quarter circular (c) —
semicircular area (d). Note the negative sign on the hole!

Steps 2 & 3: Make up and fill the

table using _; N b
parts a. b, C, 3 o L lin.
and d. q— B, m——
Segment Area A X y XA VA
(in?) (in) (in) ( 1n3) (in?)
Rectangle 18 3 1.5 54 27
Triangle 4.5 7 1 31.5 4.5
Q. Circle Om/4 | —43)/Cm | 43)/Cm | -9 9
Semi-Circle —m/2 0 4(1)/ (3 ) 0 -2/3
> | 28.0 76.5 39.83
y
/{\ : o i
£ 3in. &
| g
| — b 6 in. —3in—]

4. Now use the table data results and the formulas to find the
coordinates of the centroid.

Area A XA VA |
| 28.0 76.5 39.83
X =(ZXZXA)/(XA) = 76.51n* 28.0 1n- = 273 1n
_{7 = E*ﬁ’ A)/(XA) = 3983m3/280m?* = 142 1n

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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Example: Centroid of an area

N

R

4

The area can be considered a 1x1 square plus a 4x8 rectangle minus a semicircle with

radiuvsa=1.

From the table in the NCEES Handbook. v, for a square or rectangle 15 one-half the

height.

For a semicircle. the distance from the base to the centroud 1s:

da/(31) = 4(1)/(3m) = 0.424

The base of the semicirele 1s 8 units above the x-axis. so for the semicircle:

ye=8-0.424=7.576
The area of the semicircle is ma’/2 = 1.57

Since the semicircle 1s a negative area. it gets a negative sign in the summation.
The total y, 1s the sum of the individual areas times the individual y, divided by the total

dar<a.

_ > Ay, _ (1.0)(0.5)+ (32)(4.0) + (~1.57)(7.576)

=4.98

1.0+32.0-1.57

Yac Z )

Example: find the moment of inertia using parallel axis theorem

_1' il
s _ 3
fa/2 T N T, = "E;‘z
Fri 2 N
- - - x J_ =
P
I =7 _+ Ad*
b’ 5
= 7= —|—(E?.-i'}){:5)
B s B>
- —+
1= =4
3
I — .-E:-..i*.r

Where d: is the distance from the centroid to ( X ) axis
A : area of the triangle

_ bR?

3

M. Sc. Khalid Ahmed / Engineering College - University of Diyala 13



Example: Find the moment of inertia of a triangle

v
Integrating from y = 0 to y = h. we obtain
Tf — I,=[+"d4
h-v R —y h )
| 2 = | _1‘233 h—) dyv = EJ-(&T' — j‘3:}n{1'
i —dv o ny
| [ 3 4 3
’ h 3 4 12
¥ ' x
B - )
2 B I, =1 _+A4d
I, =1 —Ad*
dA =1 dy '3 5
_bh _(ﬁ)(ﬁjg _ bh
Using similar triangles. we have 12 23 36
i:f?—j‘ ;:bfr—y fﬂ-’l:bh_‘rfﬁ'
b h 1 ho

Examples: Moment of Inertia

(1) Find the moment of inertia for the shape about the x-axis. (All dimensions show are in mm )

(2) Find the moment of mertia about the horizontal centroid of the total shape.
1

T

[ ] os fﬂl
&

(1) Consider the shape as two adjacent rectangles. The bottom rectangle has a moment of
inertia taken about its edge (the x-axis) of I, (lower)= bi’/3 = 0.25 mm* The moment of
inertia for the upper rectangle taken about the axis of 1ts centroid 1s Iy (upper)= bh112 =
5.33 mm”. Use the transfer theorem to move the upper rectangle to the x-axis.

A=({4 mm)(1 mm) =4 mm”

Iy (upper)= I (upper) + Ad> =533 mm*+ (4 nm12)(ﬂ_5 + (4mm/2))" = 30.33 mm*
I total = I, (lower) + I, (upper) = 30.33 mm” + 0.25 mm* = 30.58 mm

(2) The centroid of the total shape 1s:

L, LAY _ (4.0)25) +(3.0)(025)
Y4 40130

=1.536 mm

Use the transfer axis theorem to convert the x-axis to the centroid:
7
L =1, + .xiaj?‘ . ,
I,=1I - Ad"=3058 mm" - (4 mm” + 3 mm?)(1.536 mm)* = 14.07 mm*

M. Sc. Khalid Ahmed / Engineering College - University of Diyala 14



Example:

Determine the moments of inertia of the beam’s cross-sectional area

shown about the x and y centroidal axes.

y

100
T 0
400 —‘
{1003 . £ ox
¢ 400
_ v
100
« 600 — »
Dimension in min
Solution:
100 Y
T
. __T
400 T,
{100 [ 4B I S
Cl%oy || 400
D 3
il
100
« 600 —

Dimension in min
0
L=, +4d )+ T, +Ad )y + (T, + Ad [
1 1 , 1
= [1_" (100)300) +(100x300)200)" ]|+ [F(GDD}(IDDJS + 0]

+H2(100)300)° + (100 300)(200)°]

= 2.9x10° mm* G

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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100
T >
A
400 T*j :

«— 000 —»

Dimension in mm
l[}
= 2 = /12 = 2
I, =(I,+A4d,") ;+ (I, + 49,y + (I, + 4d,"),
1 2 . 1
= [F (300)(100)° + (100 % 300)(250)], + [1_':' (100)(600)* + 0],

+[1% (300)(100)" +(100300)(250)°]

=35.6x10°mm* <

Example: Find the moment of inertia around (Y) and (X) axis

.

N

Solution:

We can divide up the area into smaller
areas with shapes from the table

y 6" 3"~

|

6" I

| 1

I x

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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Since the parallel axis theorem will require the area for
each section, that is a reasonable place to start

ID

Area

(in?)

36

9

27

6"

y

3"_-

We can locate the centroid of each

the y axis.

area with respect

A 6" 3"
D Area Xbar, .
(in?) (in)

| 36 3 6" |

I 9 7 [l

10 27 6 | 11 ‘
| &
|

From the table in the back of the book we find that the
moment of inertia of a rectangle about its y-centroid
axis is

|
I =—bh
12
In this example, for Area I, b=6" and h=6"
1

I =——(~6in)(6in

, =25 (6im)(6in)
I_ =108in"

moment of inertia of the II triangle

- =Lbh3
. 36

I ZL(6}FH)(33}?)3
! 36

I =4.5in"

v
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The same is true for the III triangle

I. = pn?
Y

I. =2 (6in)(9in)’
Y36
7. =121.5in"

Now we can enter the I, for each sub-area into the

table
Sub- "
Area | Area | xbar; | |y, Y ® >
(in?) (in) (in4)
| 36 3 108 I
I 9 7 4.5 | T X
I 27 6 | 1215 6"

We can then sum the I, and the A(d,)? to get
the moment of inertia for each sub-area
Sub- s, *
Area | Area | xbar, lpar | Ad)? | A(dy)?

(in?) (in) (in%) (in%) (in%)
I 36 3 108 324 432
| 9 7 4.5 441 445.5
LI 27 6 121.5 972 1093.5

Where A : area of the figure

dy : distance from the centroid to z axis along y axis

xbar, ybar means x and 37a|ternatively

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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AnNnd if we sum that last column, we have the
I, for the composite figure

Sub- oo
Area | Area | xbar, | L. | AR | A@y
(in?) (in) (in4) (in4) (in4)
I 36 3 108 324 432
| 9 7 4.5 441 445.5
I 27 6 121.5 972 1093.5
1971
l,=1971in*  Ans.
We perform the same type of analysis for the I,
_y I——E"—|~3 ]
Sub- bear + 5[ |
Area | Area | ybar, | .. |A(d)?|A(d)* | b
(in2) | (in) | (in% | (in%) | (in%)
I 36 3 108 324 432
Il 9 2 18 36 54
I 27 -2 54 108 162
648
|, =648 in* Ans.
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Example:

y=105"

.
x=3.05"
Find the moments of inertia (X =3.05", y =1.05). dy1=0.95)
¥ — [/ Yo _d,=055"
l » o o e .__.__
llq-
Ret—"| | dy=255" | g ,=145°
8"
I d, Ad} A d, Ad}?
Component (in.') (in.) (in.*) (in.*) (in.) (in.')
Ye1
g W’ _ 533 | 095 361 way 033 | 255 26,01
Xet VI e ' 7 it '
1.
- 7y )7y
(1)(7)
- ch wrmm——p— - E ——— 5
r 1 1y =058 | 055 212 1y = 2838 | 145 1472
7"
Yl =591 YAd =573 Pl =2891 S Ady = 4073
w=5.91 +5.73=11.64 in* Ans.

= 28.91 + 40.73 = 69.64 in*

Question:

Determine the moments of inertia of the shaded area
with respect to the x and y axes.

v
12 mam |12 mm
[ ] G 11111
8 mum — |— T
24¢11'L‘ﬂl
ot 5 x
24 mmam
v
O 1muam
«—— e » 4
24 mn 24 mm

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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Example: Find the Moment of Inertia of this object around AB

>an

3 3 inA._
Gin.
|.
- i
s 3.
=t
A B
yid
Bodies A Vi Wit A I di=yi-ybar di’A;
1 18 1 18
2 18 5 90
36 108
- E )/’iAi 108 in3 .
V= = —— =3.0 1n
E A, 36 1n”
3 an. 13_2-. 3 i
i
2 | y
= E_ | Gin
2in y:\ x X ‘
= . [ v (% P
Cra= “1|_ i xj, ¥ (orybar) =3
1 it
A B
Bodies A ¥i Wi A li di=yi-ybar di*A,;
1 18 1 18 6 -2 T2
2 18 5 90 54 2 72
|18 | 60 | 144
ybar 3in.
| 204 in*
IX:: :Ixi_'_: :(.}’i_.}’) "41

=60 in" +144 in” = 204 in"

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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Example:

Locate the centroid C of the cross-sectional area for the
T-beam

Solution I ~ y
The y axis is placed along the axis of symmetry so |
that X =0 To obtain ¥ we will establish the x
axis (reference axis) thought the base of the area.l
The area is segmented into two rectangles and the
centroidal location  for each is estabfished.

274 [5in]10in)(2in)+ [11.5in]@ in)@8in) k-

o3 2.4 5 (10in.) 2 in.) + (3 in.)(8 in.)
=8.551n.
Solution II

Using the same two segments, the x axis can be located at the top
of the area. Here
_ 2.4 [-15in]@in) (8in.) + [-8in](10 in.)(2 in.)
R (3in) (8in) + (10 in)2 in)
=—4.45in.

The negative sign indicates that C is located
below the origin, which is to be expected.
Also note that from the two answers

8.551n +4.45 in =13.0 in., which is the depth
of the beam as expected

Solution III

It is also possible to consider the cross- "l'_; =
sectional area to be one large rectangle /ess 13
two small rectangles. Hence we have

10in, |

»

E . 65,

l

==

_,_Z 74 _[6.5in.](13 in) (8in.) - 2 [5 in](10 in.)(3 in.)
& (13 in) (8 in.) —2(10 in.)(3 in.)
=8.55in.

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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Example:

Determine the moment of inertia of the
shaded area with respect to a horizontal axis
passing through the centroid of the section

Solution:

_2FA_1O)+56)D) _, a5
D 4 2(6)+1(6)

L =% (6)(2) +2(6)(2.333-1)* + %(I)(6)3 +1(6)(5—2.333)* =86in*

j?

= i

13

Example:

Determine the moment of inertia of the
beam’s cross-sectional area about the y
axis

Solution:

!7
1 3 1 3 2 = - 4
1_,‘-—-1—2(2)(6) +2[E(4)(D +1(4)(1.5) ] =54.7in

i

1in?" 1in,

Example:

Determine the moment of inertia for Figure 1 relative to the

X-axis
g
2*0 |
| S A
Y L ‘ Al
H___,,-F-""'
x T = a

00

[t 2 e [ ———— - )

M. Sc. Khalid Ahmed / Engineering College - University of Diyala
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Solution:
Step 1 — Determine the moment of inertia for area 1
I.,= f.r'.'_ N Ald'-:
= bR+ b by (G-
=133-10°mm*

Step 2 — Determine the moment of inertia for area 2

= %Sﬂmm -(20mm)’ +1600mm™ - (70mm — 46mm)’
=9.75-10° mm*
Step 3 - Find the total moment of inertia about the x axis
Ir=1I,+1,
=2.3-10°mm*
=2.3-10°mm* - (1.0-107 m/ mm)*

=2.3-10°%m*

Determine the moment of inertia of the following shapes with respect to the x and y axes
Question:

Determine the moments of inertia of the shaded area
with respect to the x and y axes.

1

12 11111:1 12 mm

[ _ ] O 1mim

8 mum —e |— T
24‘*11]_111

T L X

24 mmaim

v
G 111111

«—— e » 4

24 mn 24 mm
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Question:

Determine the moment of inertia of the following shapes with respect to the x and y axes

- 2ot T -
4
£l
T
40
§
20
1
(1 4 20 -
f
20
y
40
X
20
t
=~ 1] B0

Hote: all dimensions are in mm
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Centroids of Common Shapes of Areas and Lines

B X ] Area
Triangular area h bh
3 2
Quarter-circular dr dr i
area e 5= 2
Semicircular area 0 Ar mr?
37 2
Semiparabolic 3a 3h 2ah
h
Parabolic area l 0 % %h
Parabolic span- 3a 3h ik
drel 1 10 3
Circular sector 2r ;21 « 0 ar?
Quarter-circular 2 2 i
arc T T 2
O - - - —
Semicircular arc ﬁ . 0 % mr
r//',\\
Arc of circle ==t 3: — )__ r sior: a 0 Sy
f x
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