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MTHG23 - Tensor Analysis and its Applications (Quiz #1) Quiz Start Time: 07:43 PM, 07 De

Question # 5 of 5 ( Start time: 07:46:37 PM, 07 December 2022 )

Which of the ID”D'.'JII’"N_J is the }_'f‘:l{'_]}'[]Fd'.'_- 3 a contravaria

0 conuwavanant vaecic

Select the correct option -ﬁ Reload Mat
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MTHB23 - T-nlorénuly:ll and its Applications (Quiz #1)

Quiz Start Time: 07:43 PM, 07 December 2022 |

.’

Question # 4 of 5 ( Start time: 07:46:M PM, 07 December 2022) Total Marks: |

e e

Which one of the fﬂlfD'.'.fing is the covaraint tansor of

ofdar a3+

Select the correct option #) Reload Math Equations
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Quiz Start Time: 07:43 PM, 07 December 20

| MTHB23 - Tensor Analysis and its applications (Quiz #1)
: e
Question # 2 of 5 ( Start time: 07:44:56 PM, 07 December 2022 ) Total Mar
____—_—_—_ a - ey —
s onto coordinate axXes

paraliel projectiof

of a vector representits

pSelect the correct option
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MTH623 - Tanmrﬁenﬁlyalt and its Applications (Quiz #1) Quiz Start Time: 07:43 PM, 07 Decomber 2022 |

Question # 2 of 5 ( Start time: 07:44:43 PM, 07 December 2022 ) Total Marks: |

Covariant components of a vector represent its

— 4

|
) Reload Math Equations

Select the correct option

paraliel projections
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Time Leht
MTHE23 - Tensor Analysis and its Applications (Quiz #1) Quiz Start Time: 06:32 PM, 07 December 2022
Question # 4 of 5 ( Start time: 06:34:42 PM, 07 December 2022 ) Total Marks: |

Select the correct option :
& Relood mMath Equations
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select the correct option

Reiond Matn Equations

'I.I'E'|EI-I:II':." WVECTOr 10 a curve

O

Gradient vector to a surfoce

Click to Sove Answear & Move to Next Question
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which one of the following is the covaramnt teansor of order 37

select the correct option

Jeind kMoth EqQuaniong

1Tl
il

O

|'J

@
O
O

Click o Sove Answear & Bove to Mext Question
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The transformation low for o contravarant vector is given by

2ct the correct option

e

_ 1= -ﬂi:
SRR
A = Al-

Click to Sove Answer & Mowe to Next Question




In Cartecion coordinate system the covariont ond controvariant components of a vector are different

select the correct option

oo katn Ecpuobions

true

falea

Click to Sove Answer & Move o Next Question
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____________ QF Q4 VeClor representl ILs pdrdiel projeclions onto Cooraindate axes.

Select the correct option

Covariant components

O

Contravariant components
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Time Lefht
MTHE23 - Tensor Analysis and its Applications (Quiz #1) Quiz Start Time: 08:16 PM, 07 December 2022
Question # 5 of 5 ( Start time: 08:20:23 PM, 07 December 2022 ) Total Marks: |

of o wactor represant ite poraliel proj@aciiaons onio cool linata anes

Select the correct option .
e Reload Math Equations

osariant corm [l a8nils

cContravanant componanis
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BC210407344: MADEEHA RUBAB

Time Lefht
MTHE23 - Tensor Analysis and its Applications (Quiz #1) Quiz Start Time: 08:16 PM, 07 December 2022
Question # 5 of 5 ( Start time: 08:20:23 PM, 07 December 2022 ) Total Marks: |

of o wactor represant ite poraliel proj@aciiaons onio cool linata anes

Select the correct option .
e Reload Math Equations

osariant corm [l a8nils

cContravanant componanis
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MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 3 of 10 ( Start time: 12:43:20 PM, 25 January 2023 )

The covarnant differentiation of a tensor with constant components is zero.

select the correct option

False

O

True




MTHE23 - Tensor Analysis and its Applications (Quiz # 3) Quiz Start Time: 12:

Question # 4 of 10 ( Start time: 12:43:56 PM, 25 January 2023 )

in generalized curvilinear coordinates the divergence of vector paint function A' = A'(zx') is defined as

select the correct option

div(A') = A), + T,

O

d:l'fﬂ{,d'} =F T r:kﬂ*

div(A') = A, + T} A*

div(A') = A, + i A*

L]
O
O




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Quiz start Time: 12:42

Question # 1of 10 ( start time: 12:42:19 PM, 25 January 2023 )

The ordinary dernvative of a tensor is a tensor if and only if coordinote changes are restrictad 1o

select the correct option

O

nona of theza

quadratic transformations

rmon-linear transformotions

O
O
O

inaar transformations

correct


correct 


MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 10 of 10 ( Start time: 12:50:44 PM, 25 January 2023 )

The covariant differentiation of a scalar is equal to

Select the correct option

scalar field itself

O correct

partial derivative of scalar field



correct 
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4623 - Tensor Analysis and its Applications (Quiz # 3) Quuiz Stort Time: 01:19F

stion # 2 0f 10 ( Start thme: 01:19:40 PM, 25 January 2023 )

he ardinary dervative of o tensor is o tensor if ona only f coordinote chongesors restricted to _____

it the correct option

linearn ranslonmatons

S

guadeotic lranaformalions

mar=hnecl thonstormotions

nong of hese




Question # 10 of 10 ( Stort tirme: 01:21:17 PM, 25 Januory 2023 )

fha Christoffal symbols of first ond sscond kind are equal in any coordinote system

Select the correct option

True

False
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MTHE23
- Tensor
Analysis
and
its Applications
(Quiz
#13)

Question
#10
of
10 ( Stort time:
L2117
P,
25
January
2023
)

Fhe
Ch
ristotfe
|
By
ol
s of
first
andt
S8C
ored kind are
Boun
|
Iy
¥y CO
ool
imote
nyst
arm

Select
the correct option

True

Faiso

@,




Question # 2 of 10 ( Start time: 12:42:53 PM, 25 January 2023 )

In the notation l"li.‘j of Christoffel symbol of second, thesymbol ktells____________

Select the correct option

O

none of these

which basis vector points in the direction of this component of the derivative vector

correct

which coordinate is being varied to cause a change in the basis vector

O
O
O

which basis vector's change is being considerad


correct 


MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 3 of 10 ( start time: 12:43:20 PM, 25 January 2023 )

The covariant differentiation of a tensor with constant components Is zero.

select the correct option

False

O

True




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Quiz start Time: 12:42 |

Question # 4 of 10 ( Start time: 12:43:56 PM, 26 January 2023 )

In generalized curvilinear coordinates the divergence of vector paint function A' = A [r'} is defined os

select the correct option

®

div(A') = A" + T,

div{A°) = Ai; + % A"

div(A') = A" 4+ T A

®
O
O

div(A') = A% + T, 4"



‘umﬂ:-remmlﬁhmdiunpplhﬁuH[m#!} Quiz start Time

Question # 1 of 10 ( Start time: 12:42:19 PM, 25 January 2023 )

The ordinary derivative of a tensor is a tensor if and only If coordinote changes arerestnctedto __ .

select the correct option I

nona of these

quadratic transformoations

O

non-linear transforrmations

®

linaar transformations

O




Question # 7 of 10 ( Start time: 12:47:06 PM, 25 January 2023 )

The Christoffel symbols of first kind T'; jk Qre symmaetnc in

select the correct option

L

first two indices

correct

second and third indices

firet and third indiceas

®
O
O

all indices


correct 


MTHB23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 5 of 10 ( Start time: 12:45:22 PM, 25 January 2023 )

The Christoffel symbols of second kind are symmetric in

select the correct option

all indices

O

lower incdices

O correct



correct 


MTHB23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 9 of 10 ( start time: 12:48:57 PM, 25 January 2023 )

The Christoffel symbols of first kind F,Jk are defined by _

Select the correct option

L = %(_gﬂ;i + g j + Ohij)

O

Lije = %(gjk,i + gki,j + i j)

=
Lij = ‘5[9_;&.:‘ + Gkij T 911'.))

Cijk = %(_gﬂ-’»l + ghij + Ghij )
correct

O
O
O



correct 


MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 10 of 10 ( Start time: 12:50:44 PM, 25 January 2023 )

The covanant differentiation of a scalar is equal to

e —

Select the correct option

scalar field itself

partial derivative of scalar field




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 1 of 10 ( Start time: 01:18:32 PM, 26 Jonuory 2023 )

The covanant diffsranticotion of metric tansor is

Select the correct option

tero in oll coordinate systoms

O

rorc i rectanguiar Canesion coordinates only




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 2 of 10 ( Stort time: 01:18:40 PM, 25 January 2023 )

fhe ardinary derivative of a tensor is o tensor it and anly if coordinate changes are restricted to

Select the correct option

inear anslonmmations

O

quadrotic ronaformotions

non= kel trons!oimations

nano of these

O
O
O




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 8 of 10 ( Stort time: 01:20:57 PM, 2§ Jonuary 2023 )

in curvilineor coordinates th= dervotive of avectoralso imcudes __ _ _

Select the correct option

the derivatives of basis vectors

®

he denvatives of unt veciors




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 10 of 10 ( Start time: 01:21:17 PM, 25 January 2023 )

fha Chrstotfal eymbols of first ond sacond kind are egual n any coordinats system,

Solect the correct option

True

Falso




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 2 of 10 ( Start time: 12:42:53 PM, 25 January 2023 )

In the notation I"E. of Christoffel symbol of second, the symbol k tells

Select the correct option

O
®

nona of thasa

which basis vector points in the direction of this component of the derivative vactor

~

which coordinate is being varied to cause a change in the basis vector

4

O

which basis vector's change i1s being considered

O




MTHB23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 3 of 10 ( start time: 12:43:20 PM, 25 January 2023 )

The covariant differentiation of a tensor with constant components is zero.

select the correct option

Falsa

True




MTHE23 - Tensor Analysis and its Applications (Quiz # 3) Quiz §

Question # 4 of 10 ( Start time: 12:43:56 PM, 25 January 2023 )

In generalized curvilinear coordinates the divergence of vector point function A' = Ai{r"} is defined as__

Select the correct option

div(A') = A’ + T,

div(A') = Ai; + T A*

O

div(A') = A’ + T A

O

div(A') = A", + T, AF

O




MTHE23 - Tensor Analysis and its Applications (Quiz # 3) Quiz

Question # 10of 10 ( Start time: 12:42:19 PM, 25 January 2023 )

-

The ordinary denvative of a tensor is a tensor if and only if coordinate changes are restricted to

Select the correct option

none of these

O

quadratic transformations

non-linear transformations

Imaar transformations

O
O
O




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 7 of 10 ( Start time: 12:47:06 PM, 25 January 2023 )

The Christoffel symbols of first kind I",J-.k are symmetnc n

Select the correct option

first two indices

O

second and third indices

first and third indices

all indices

0|l O | O




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 8 of 10 ( Start time: 12:47:54 PM, 25 January 2023 )

The covariant denvative and partial derivatives coincide when are constant

Select the correct option

all components of meatnc tensor

Christoffel symbols




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 5 of 10 ( Start time: 12:45:22 PM, 25 January 2023

The Christoffel symbols of second kind are syrmmetric in_ _

select the correct option

all indices

O

lower indicas

O




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 6 of 10 ( Start time: 12:46:25 PMm, 25 January 2023 )

The Christoffel symbols of first and second kind are equal in any coordinate system

select the correct option

False

True




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 9 of 10 ( Start time: 12:48:57 PM, 25 January 2023 )

The Christoffel symbols of first kind I',‘,k are defined by

S ——

Select the correct option
P = §{~mas + oy + onig)

O

i g
l";,;,k - E(Q;k.j + Gki,j T gJ.-f.j}

O

Li; = ';'[Qﬁ.-,i t Ghij T gh._;]

Tijk = $(—gjki + ghij + sn—r-:)\/

O
®




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 10 of 10 ( Start time: 12:50:44 PM, 25 January 2023 )

The covariant differentiation of a scalar is equal to

Select the correct option

scalar field itself

partial dervative of scalar field

i
i




MTHB23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 1 of 10 { Stort tirme: 01:18:32 PM, 26 Jonuory 2023 )

the covonont diffsrentotion of metric tsrmaor s _ R g

Solect the correct option

ero i all coordinate syslems

ST B TEI'_';UTI_ILJ wior Conasion coordinales cnly




MTHE23 - Tensor Analysis and its Applications (Quiz # 1)

Question # 2 of 10 ( Stort time: 01:19:40 PM, 25 Jonuory 2023 )

Quiz Stort

fhe ordinary dervative of a tensor is o tensor it and only if coordinota changes ars restrictad to

Seolect the correct option

linean ranslonmations

®

quadratic tranafonmotions

nore koo ransfotmotions

O
o
O
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Select

the

correct
option

True

()




MTHB23 - Tensor Analysis and its Applications (Quiz # 3)

Question # B of 10 ( Start time: 01:20:57 PM, 25 Jonuary 2023 )

In curvilineor coordinotas th= denvotive of o veator also incudes__ _

Select the correct option

the derivalives of basis veclors

)

the donvatives of unit veclols




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 7 of 10 ( Stort time: 01:20:51 PM, 26 January 2023 )

Christoffel symbois of first and second kind nclude derivatives of

Select the correct option

Douis voclos

unit vecton

TeElne lenaor

normaoal vaclors




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 8 of 10 ( Start time: 01:20:31 PM, 28 January 2023 )

The Christoftal symbols of first kind T, 4, are defined by

Select the correct option

Uit = (=i + 90iy + Giiy)

ru - 'IL(Q;&. T Py glru}

O
O
O

riﬁ =3 ';'('thu + ﬂl.'l.d 'F'gln,;]

@

I'.,& = %‘[9}&.. by gh..!]




MTHB23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 10 of 10 ( Stort time: 01:21:17 PM, 25 Januory 2023 )

fha Christoffal symibols of tirst ond sacond kind are squal in any coordinots system

Select the correct option

True

Faise




Qaﬂk, ﬂf o Lertor vaﬂi_i&é

The dulvative baﬂ a Teo sxden, Tensar
G;wﬂuﬁ?—m v dive E»:I. oun
. order. Tensel ffmm vl M+
prdaon ALsph..




https://vulms.vu.edu.pk

Question # 5 of 10 ( Start time: 03:06:34 PM, 25 January 2023 )

In any coordinate system r', the covariant derivative with respect to z* of a covariant vector T; isdefined as

Select the correct option l

T L/ e . -
Tip = 5 — LT

T, '
Tix = 5 —IuTh
a7
Tk = Bt _sz
a7
Tik = F““Fhﬂ




The covariant derivative of an arbitrary tensor is a tensor.

Select the correct option

False

O

True




estion # 2 of 10 ( Start time: 12:14:14 PM, 25 January 2023 )

The Christoffel symbols of first kind satisfy the transformation law of a third rank tensor.

lect the correct option

True

False




Question # 3 of 10 ( Start time: 12:16:16 PM, 25 January 2023 )

In generalized curvilinear coordinates the gradient of scalar function ¢ = ¢(z') is defined as __

Select the correct option

Vo = ::
[ ]
Vo = doe;
O
Vo =22,
O correct
o il



correct 


For a diagonal metric which of the following is true?

Select the correct option

!
Liii = 50ij,

@




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 7 of 10 ( Start time: 08:32:40 PM, 24 January 2023 )

The Christoffel symbols of first kind satisfy the transformation law of a third rank tensor.

Select the correct option

False

® correct

True



correct 


Question # 4 of 10 ( Start time: 08:26:32 PM, 24 January 2023 )

Christoffel symbols of first and second kind include derivatives of

-

Select the correct option

unit vectors

@

basis vectors

correct

metric tensor

normal vectors

O
O
O



correct 


Question # 2 of 10 ( Start time: 08:23:11 PM, 24 January 2023 )

The covariant differentiation of o tensor with constant componeants is zero.

Select the correct option

True

O

False




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 10of 10 ( Start time: 08:21:12 PM, 24 January 2023 )

In Cartesian coordinate system all the Christoffel symbols are

Select the correct option

Zero

O

vanish

equal

all options are true

O
O
O




Question # 2 of 10 ( Start time: 08:23:11 PM, 24 January 2023 )

The covariant differentiation of o tensor with constant components is zero.

Select the correct option

True

O

False




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 10of 10 ( Start time: 08:21:12 PM, 24 January 2023 )

In Cartesian coordinate system all the Christoffel symbols are

Select the correct option

Zero

O

vanish

equal

all options are true

O
O
O




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 10of 10 ( Start time: 08:21:12 PM, 24 January 2023 )

In Cartesian coordinate system all the Christoffel symbols are

Select the correct option

Zero

O

vanish

equal

all options are true

O
O
O




Question # 2 of 10 ( Start time: 08:23:11 PM, 24 January 2023 )

The covariant differentiation of a tensor with constant components is zero.

Select the correct option

True

O

Folse




MTHB623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 3 of 10 ( Start time: 08:24:55 PM, 24 January 2023 )

In the notation [’:} of Christoffel symbol of second, the symbol k tells

Select the correct option

none of these

O

which coordinate is being varied to cause a change in the basis vector

which basis vectors change Is being considered

which basis vector points in the direction of this component of the derivative v

O
O
O




MTH623 - Tensor Analysis and its Applications (Quiz # 3)

Question # 3 of 10 ( Start time: 08:24:55 PM, 24 January 2023 )

f- of Christoffel symbol of second, the symbol k tells

In the notation I’ f

Select the correct option

none of these

O

which coordinate Is being varied to cause a change in the basis vector

which basis vectors change Is belng considered

-

which basis vector points in the direction of this component of the derivative v

O
O
O




Question # 4 of 10 ( Start time: 08:26:32 PM, 24 January 2023 )

Christotfel symbols of first and second kind include derivatives of

T — i — —

Select the correct option

unit vectors

@

basis vectors

metric tensor

normal vectors

O
O
O




Question # 5 of 10 ( Start time: 08:28:43 PM, 24 January 2023 )

The covariant differentiation of metric tensor is

- - — -

Select the correct option

zero in all coordinate systems

O

zero in rectangular Cartesian coordinates only




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Question # 7 of 10 ( Start time: 08:32:40 PM, 24 January 2023 )

The Christoffel symbols of first kind satisfy the transformation law of a third rank tensor.

Select the correct option

Falze

True




ne Christolfel 5

yniDois of Tirst kind satisty the tronsformation law of a third rank tensor

Select the correct option




The covanant differentiation of metric tensor is

Select the correct option

=il

zero in all coordinate systems

zaro In rectangular Cartesian coordinates only




MTHE23 - Tensor Analysis and its Applications (Quiz # 3)

Juestion # 9 of 10 ( Start time: 04:31:08 PM, 25 January 2023 )

In generalized curvilinear coordinates the gradient of scalar function ¢ = ¢(x") is defined as _

select the correct option

~
-
o Vi = ope;
® Vo= Lei
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Postulate 1: The principle of relativity.
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Postulate 2: The speed of light is invariant.

ight, regardless of their state of motion.

Postulate 3: Uniform motion is invariant.

The laws of physics are the same in all inertial reference frames.
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All observers in inertial frames will measure the same speed of
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n 1905, AlberEinstein proposed the special theory of relativity
ased on three simple postulates:

Postulate 1: The principle of relativity. T':J[‘:?7
he laws of physics are the same in all inertial reference frames.

>ostulate 2: The speed of light is invariant.
All observers in inertial frames will measure the same speed of

ight, regardless of their state of motion. ;
Postulate 3: Uniform motion is invariant.

& 6 [1ss/+n 0 a &= El=nE

Cwow - 0

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

1Al & (& B (T] (=) E S A 5 T F Xk E S
BeEeESmloomwm )R LRiI0OA/O0cQ2@2EIRC 10 0R-I|AIRE "iA- IV

LA Caeate PDF fiem
Y Canwert PDF 1«

Ymmss-m.pe!' X o

Inertial Frame of Reference

7 éa.
e Non accelerating

e Newton’s 1°' law and other laws of physics are valid

For example:

Inside a bus moving at constant velocity with a ball inside

o Sl .

e et 1 | f..l-..:z Ce - n - 'h n,p__
£ 0 lis71en -6y 8o & CIE Y wew =~ 1]

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

l .»*

It A @ (& Bl (T = = & S Al T E X X EE
B LD e o,ﬂ/mcoztl:zs | — S R Ve 1= S =T - R

Y_n_a_mss -110.pef = »®

Combined. Thus each ewedt b o4AGnes
fon  Cootclinabes (B, 02) white £ b fhe
time  of the  enexds amel(w;'a’;?@ as e
Yoo of the e b 0 hebimarey
&uﬁmﬁdu Covndimales. Such  Conhdinales

lpe  called Spacemnz C oo rdimales . S

& ol 0 a & CE0 % wx -0 n

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

1A & & Bl [T E 5 5 & A5G

=) = i B2 [T} X X
ﬁ§§}00@|“}jl&0ﬁ/[:|90££5ml:l_ _|_-‘x'w::"t |L...‘.F:L "E'f%
Y m 623 58 -110.pef = x\ *’_ﬂy:..;:iw Jiam

e = ~+° 0 -F:l‘l-nmrv_ lmluo EIW\A E’] U:'A

a 0w 0 a &= O = wo% =0 0

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

0l A L (B (T (S (S S A

Al (T> Wy
= T Ve o/“/u:|=0£

y-ﬁmsa -110.pef = X

reAr an

koD gm0 dush thad o [¥ i)
() O - )-8 ] g )

Mohf.ﬂfmwﬂ Hre waumaj_’ Libewa), oA |
nelativiatic thc.e/ bebiwean E,(£%)and E,6¢)

L

wb |

l‘*_% ) — cdﬂ)—c_o',:t’“>-¢°‘ﬂ o4
A O0lsa . =66 é& Ol wes -0 n

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

5 1Al A (& B@__]—'_;éi‘ill
Iglleo-swiwuﬂ )_Lll'u O/I/DQO£.

Ymmss 110.pat =
AT, et
|

(\
Lﬂ Eﬂ
e
|
b
9P
]
i

3) Baps ke 45 CORK

S (@ @ @) + @5

d) Time Like Jﬁ Q’\S) >0 L

5 (A% > (An) 4 “ed) + ()

£ pu=
~ Qnacralilra Intarval- 1 \'..C“ adn Saﬂ‘f .
ﬁf]ﬁ!f“ f ﬁb_ C=l 0o -

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

- 1Al A (& (B (T (5] (F] (F) & A > T [F XX EE
Besiool H-mm| DA kiI0OA/O0=c0 22 5N L oER-IKNARE TiA- IS
) o -

—

The mwad,beTulw E,L*E)MIEAL’CD A
1) Space LiKe ’ﬁ (ds)<o @

= @RS +EdL) + @) >Edx) (S

&) gt like 415 [d8) = e

S (@AY= @) ) r@d*)

d) TimelLike Jﬁ (48D >p 5

o (A S (ART T dl) 4 ()

& 01524 =l 6 & = |_|__[uu.. wos% v (=) 1]

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

-5 |'—\L__fBL__|—I_:-_§ﬁ"

Eéluu i 0 0l s@:swun||4*)_£]|% O/'/DcOﬁ \fE”? ml:l_ —L:;ii"'&\

7!!‘!535! -110.pef =

In its setting the three ordinary dimensions of space are combined with a
single dimension of time to form a four-dimensional spacetime.

Minkowski space is often contrasted with Euclidean space. While a
Euclidean space has only spacelike dimensions, a Minkowski space also has
one timelike dimension.
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Locally flat spacetime:
7/

The use of the Minkowski space to describe physical systems over finite
I'hstunccs apphics only mn the Newtonian himit or systems without
ignificant eravitation.

In the case of significant gravitation, spacetime becomes curved and one é%
ust abandon special relativity in favor of the tull theory of genera

tivity, (Qck
In the presence of gravity, spacetime is described by a curved 4-
dimensional manifold for which the tangent space to any point is a 4-

dimensional Minkowski space. Thus, the structure of Minkowski space
i1s still essential in the description of general relativity.
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light emntted at the origin. Such a flash of light is described by a
spherical wavefront. However, our minds cannot visualize four
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dimensions.
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The simplest of all particle motion is a particle just sitting

somewhere. To indicate the worldline of a stationary particle on a
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- | somewhere. To indicate the worldline of a stationary particle on a
spacetime diagram, we simply draw a straight vertical line that
passes through the x-axis at the spatial location of the particle.
This makes sense because the particle is located at some position

x that does not change, but time keeps marching forward.

=

~

Special relativity tells us that a particle cannot move faster than
the speed of light. On a spacetime diagram. this is indicated by 7
the fact that particle motion is reftricted to occur only inside the
light cone. The region inside the light cone is called timelike.
Regions outside the light cone, which are casually unrelated to

the event E, are called spacelike.
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Four vectors

In special relativity, we work with a unified entity called spacetime —~
rather than viewing space as an arena with time flowing in the
background.

As a result, a vector is going to have a time component in addition

to the spatial components we are used to. This is called a four

—_——

vector.

In general, (VY) is a four vector if it transforms according to the
law|V! —:éa}}/} , where (a;) is the Lorentz matrix.
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Curvature describes how a geometric object such as a curve
deviates from a straight line or a surface from a flat plane. 4
Curvature can be expressed simply as a scalar that represents the
magnilutfc of this deviation. Curvature can also be described as a
vector that takes into account the direction of the curve along withi
the magnitude.

For more complex objects such as surfaces or n-dimensional spaces,
a more complex object is needed to describe theCurvature. One
such object, is the|Riemann curvature tensor.
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ntrinsic objects are those which can be obtained by measuring distances and
omputing the derivatives of those distances in some space.
rd

The metric tensor is an example of an intrinsic object. The metric tensor
describes how to compute distances and lengths of curves in a given space.

Riemann generalized this idea and extended 1t to spaces of n-dimensions. Because
the metric tensor is an intrinsic object, subsequent objects that can be described in
terms of the metric tensor and its derivatives are also intrinsic.

One ahiect that can he derived fraom the metrie tencar ic the Chrictafiel cvmhal’
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The metric tensor is an example of an intrinsic object. The metric tensor
—— . - * . )
describes how to compute distances and lengths of curves in a given space.

Riemann generalized this idea and extended 1t to spaces of n-dimensions. Because
the metric tensor is an intrinsic object, subsequent objects that can be described in
terms of the metric tensor and 1ts derivatives are also intrinsic.

One object that can be derived from the metric tensor is the Christoffel symbol.
The Christoffel symbol describes the variation in basis vectors from one point to
another in curvilinear coordinate systems. The Christoffel symbols measure the
rate of change of the covariant basis with respect to the coordinate variables.

The Riemann tensor, Riccei tensor, and Ricei scalar are all derived from the metric
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A manifold is a space that can be curved but is locally flat.|That
is, near cach point the space resembles Euclidean space. One
cxample of a curved manifold is the surface of a sphere.

The Riemann tensor 1s the most common tool used to describe
the curvature of a Riemannian manifold.

The Riemann curvature tensor is a tool used to describe the
curvature of n-dimensional spaces such as Riemannian

manifolds in the field of differential ecometrv. The Riemann
AT N | IEST s
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Contraction, of the Riemann tensor produces the Ricei
tensor. The Ricci tensor provides a way measure the
degree to which a space differs from Euclidean space.

—

Contraction of the Ricci tensor produces the scalar

curvature orﬁ‘wmaf. he Ricci scalar is the simplest
curvature in¥imant of a manifold.
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pnergy Momentum Tensor:

* The quantity T, i,j = 0,1,2,3 is the so-called energy-momentum-stress
tensor or in a shorter version the energy-momentum tensor or the stress-
energy tensor.

* Jtis arank-2 symmetric tensor encoding all the information about energy
density, momentum density, stress, pressure ete.

* In general relativity, the stress-energy or energy-momentum tensor T/ acts
as the source of the gravitational ficld.

Ta [] T ﬁ
energy energy
density flux
T”ﬁ - T‘-'O T’J-—){;j'-:l_,ﬁ_,‘a
mom. stress
density tensor

3 0 311821 =0 O & Bl = T [

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

M- VT et 7 - P Kgbgatd

SR LkedR BN ONEIEMS I BR-OE I0/A/0=o0 27 2

Vew T Comme-ts Fo=s ‘haefort Feb

Y-rmu-mxﬂ x

U
une & AL -
= T s the 3- momcntum flux or stress tensor, i.c the rate of flow
of the ith momentum component per unit area in the plane
orthogonal to the jth -direction. The component T"encodes the
isotropic pressure in the ith direction while the components

TU with i # jrefer to the viscous stresses of the fluid.
F 4
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Covariant Derivative of Energy Momenfum Tensor:
The covariant derivative of energy momentum tensor is given by:
V}'T” =0
The covariant derivative of energy momentum tensor is actually

the generalization of the conservation of energy and momentum
in flat space.

This relation is called the local conservation of energy-
momentum because it reduces to the conservation law

ar! . : : ot :
— = 0 (in flat spacetime ) in a local inertial frame. howcvcr. it
is not a conservation law like in flat space, as the energy of matter
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The covariant derivative of energy momentum tensor is actually
the generalization of the conservation of energy and momentum

in flat space.

This relation is called the local conservation of energy-
momentum because it reduces to the conservation law

arl : : . b g .
— = 0 (in flat spacctime ) in a local inertial frame. II-Iowcvcr. it
is nét a conservation law like in flat space, as the energy of matter
S not conserved in the presence ol dynamic spacetime curvature
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In this case, there are only two quantities that can be used to describe the

matter ficld in the problem, the energy density and how fast (and in what
dircction) the dust is moving.
The simplest way to obtain the first quantity, the energy density, is to jump
over to the co-moving frame. If you're in the comoving frame, then you're
moving along with the dust particles. In that case there is a number of dust
particles per unit vo]ug; n, and each dust particle has energy m. So the energy
density is given by[p_ = 7min. 1 -

z
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The second item of interest is none other than the
velocity four vector u. This of course will give us the
momentum carried by the dust. Generally speaking, to
get the stress-energy tensor for dust, we put this
together with the energy density. So for dust, the stress-

energy tensor i1s given by /

TY=pu'u’

Where u! is the proper velocity.
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The Components of Energy Momentum Tensor of Dust in Minkowski
spacctime (Flat space)

Here we discuss two cases: when frame is comoving and non comoving.
Casel:
A Trame moving with the TTow of the dust fluid is called comoving frame.
For a co-moving observer, the four velocity reduces to
u' = (c.0.0.0)
In this case, the stress-cnergy tensor takes on the remarkably simple form
TH . ¢uiud 5T7°%=Suu’ = Sc*

c2p 0 00
Tii=|10 0 00
0 0 00
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Case I:

A frame moving with the tlow of the dust tluid 1s called comoving trame.
For a co-moving observer. the four velocity reduces to
ue=(c.0.0.0)
In this casc, the stress-cnergy tensor takes on the remarkably simple form
<4 4 - 1 = 00 Il ] z
TH o (ubud 5T =Suu’= Se

c2p 0 00
Tii=1 0 0 00
o, 0 00
0 0 00O
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Case II:
Now consider the case of a stationary observer seeing the dust
particles go by with four velocity u. In that case, we have

u = (yc,yv*,yv¥,yv?)”

where u! are the ordinary components of three velocity and

. In this casc the stress-energy tensor is

c cv* cv?Y cvE
CU"' (vsz v,rvy v.tvz
vy wu* (vY)? 1’}'1’?
cv? vIp¥  prpy (VF)?
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Energy-Momentum Tensor of Perfect Fluid @

A perfect fluid is a fluid that has no heat conduction or
viscosity. Such fluid is characterized by its mass density p
and the pressure P. The stress-energy tensor that describes a
perfect fluid is

B Y - , 4
19 = (p+ 2) i — P
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THE EINSTEIN FIELD EQUATIONS

» To take into account spacetime curvature, tensor calculus was
necessaryin Einstein’s General Relativity.

THE CINSTEIN FIELD EQUATION

Suy =8 Tuy

“matter tells spacetime how to curve, and curved space tells matter how to move”
J.A. Wheeler
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It is the branch of Physics which deals with rapidly
changing electric and magnetic fields.

Here we will discuss the applications of tensors or use
of tensors in the well known Maxwell field equations
of electrodynamics. /
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Normal and Shear Stresses:

®| 0y; are called the normal styesses acting on plane i.

=| Whereas ag;;: i # j are called the tangential or shear

stresses, acting on the plane perpendicular to the i-axis in
the direction of j-axis.
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Cauchy's first law of motion

According to the principle of conservation of linear momentum, if
the body is in static equilibrium it can be demonstrated that the
components of the Cauchy stress tensor in every material point in
the body satisfy the equilibrium equations. 4
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According to the princCiple of conservation ol angular
momentum, equilibrium requires that the summation
of moments with respect to an arbitrary point is zero, which
leads to the conclusion that the stress tensor is symmetric,
thus having only six indcpenﬁ’ent stress components, instead
of the original nine in three dimensions.
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Principle Stresses:
* The Eigen values of g;; tensor; represented as 6, , o, , g; are
referred to as the principle stresses. The Eigen vectors are the
principle stress directions.
D-l 0 0 = iu.,incf.[’ﬂl gLaess
o 9 Dy,
* The stress tensor is a symmetric 2nd order tensor so its
cigenvalues are real numbers.
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In a hydrostatic state of stress, the stress tensor is isotropic and,
thus, its components are the same in any Cartesian coordinate .
system. As a consequence. any direction is a principal direction
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Reldbton of Tlasticily withe staess and Staaln:

If the amount of stress (£) is infinitesimally small then the amount
of strain (€), which is also infinitesimal, is linearly proportional to
the strain and may be written as:

&= SO
oA T=CE
Where s is the elastic compliance and c is the elastic stiffness. In -
G nlaja: =6 6 é& Bl= T - n
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If the amount of stress (§) is infinitesimally small then the amount
of strain (g) . Which is also infinitesimal, is linearly proportional to
the strain and may be written as:

&= Sg
OA O =C¢C

Where s is the elastic compliance and ¢ f; the elastic stiffness. In
order to relate two second rank tensors, a fourth rank tensor is

necessary. L —
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