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1 Motivation
Prior to beginning Milnor’s Differential Topology, we need to understand the

notion of manifolds. This would be a sufficient factor before starting the further
discussions of smooth manifolds and smooth maps. Manifolds in topological spaces
consist of three distict properties: Hausdorff Space, second-countability, and locally
euclidean of n-dimensional space. Definitions below generally explain criteria of
topological manifolds.
Definition 1.1. Topological Space
Let X, τ is Topology on X if,

1)X,φ ∈ τ , 2)A,B ∈ τ ⇒ A ∩ B ∈ τ , 3)Ai ∈ τ ⇒
⋃

i→I Ai ∈ τ

Definition 1.2. Hausdorff Space
A topological space (X, τ ) is Hausdorff, ∀x, y ∈ X with x ̸= y

i.e. There is an open neighborhood of x : Ux , y : Uy with Ux ∩ Uy = φ

Definition 1.3. Second-Countable Space
Let (X, τ ) be a topological space, then we define a collection of subsets B ⊆ τ
be a basis of τ . If B is countable for its topology, then X satisfies the second
countability.

i.e For all open set U ∈ τ , there is (Ai)i→I with Ai ∈ B and
⋃

i→I Ai = U

Definition 1.4. Locally Euclidean n-dimensional space
A topological space (X, τ ) is defined to be locally Euclidean of dimension n if,
∀x ∈ X, there is an open neighborhood U ∈ τ and a homeomorphism h : U → U ′

Remark (Homeomorphism). Let M, N be topological space, a map f : M → N is
homeomorphic, i) f is a bijection, ii)f and f−1 are both continous functions.
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2 Smooth Manifolds
Definition 2.1. Smooth Maps
Let Rk be k-dimensional Euclidean space, such that x ∈ Rk as a tuple.
i.e. x = (x1, x2, , , xk). Then we define U ⊂ Rk and V ⊂ Rl be open sets. Here, a
map f : U → V is smooth if it is infinitely differentiable.
Remark (Smooth). All the partial derivatives of f exists and its continuous.
Definition 2.2. Diffeomorphism
For open sets X and Y , a map f denotes X is diffeomorphic to Y . This requires
two conditions: f has a smooth bijection and a smooth inverse.
i.e. f : X → Y is called diffeomorphism, then ∃g : Y → X such that f, g are both
infinitely differentiable, and f ◦ g = idY , g ◦ f = idX .
Corollary 2.2.1. We could also say that f has a 2-sided inverse. Below the
commutative diagram describes the function.

X Y X Y
f g f

idX

idY

Definition 2.3. Smooth manifold
Let X ⊂ Rn and U ⊂ Rk be open sets. For those locally Euclidean spaces Rn and
Rk, if for each x ∈ X has an open neighborhood W ∩X, that is diffeomorphic to
U ⊂ Rk, then we define a subset X is a smooth manifold of dimension k.
Proposition 2.4. Parametrization
A map g in which specifically maps diffeomorphically U ⊂ Rk to W ∩ X ⊂ Rn is
defined as a paramatrization of the region W ∩X.
i.e. The particular diffeomorphism g : U → W ∩X. Clearly, we could observe the
g(U) = x ,such that x ∈ W ∩X.
Example. Milnor provided Sn, a n-dimensional unit sphere as an example of
smooth manifold. Here we define Sn−1 = {xn|Σxi

2 = 1} ⊂ Rn a smooth mani-
fold while containing all the tuples xi = (x1, x2, , , , xn) of locally Euclidean space
Rn.
In the case of S2, the tuples (x1, x2) maps diffeomorphically to (x1, x2, x3) ∈ R3

such as
(x1, x2) +→ (x1, x2,

√
1− x2

2 − x2
3)
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3 Tangent Spaces and Derivatives
Definition 3.1. Derivative
Let U ⊂ Rk such that x ∈ U and h ∈ Rk,

dfx(h) = lim
t→∞

=
f(x+ th)− f(x)

t

Then a derivative of any smooth map f : U → V defined as dfx : Rk → Rl.
Definition 3.2. Tangent Spaces
Let U, V be manifolds such that x ∈ U ⊂ Rk; y ∈ V ⊂ Rl. First, we apply
the notion of the derivative above as a linear mapping in any point of x ∈ U , a
collection of those directional derivatives is called tangent space: TUx.
Furthermore, a smooth map f : U → V such that x ∈ U and y ∈ V , with y = f(x),
we see that dfx : TUx → TVy.
Observe from the linear mapping from the given manifold, we could see that those
TUx and TVy is a submanifold onto Rk and Rl.
Proposition 3.3. Chain Rule
Let U ⊂ Rk; V ⊂ Rl; W ⊂ Rm with f(x) = y ,such that x ∈ U and y ∈ V .
Following commutative diagram describes the chain rule.
If f : U → V ; g : V → W are smooth maps, we have

V

U W
g◦f

f g

,then apply linear mappings in which derives from the smooth maps above

Rl

Rk Rm

dgy

d(g◦f)x

dfx

Hence, we notice that d(g ◦ f)x = dgy ◦ dfx.
Corollary 3.3.1. Identity mapping
Let U ⊂ Rk, such that U ⊂ U ′ be open sets with x ∈ U .
If, i maps U to U ′ diffeomorphically, then dix = i.
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Proposition 3.4. Nonsingular mapping
Let U ⊂ Rk and V ⊂ Rl, such that x ∈ U and y ∈ V . If f : U → V is a smooth
map with f(x) = y, then k = l.

Proof. In respect to the commutative representation from the Propositionn 3.3, a
chain rule, we have

U V U
f f−1

id

Then, the composition of a linear mapping shows that

Rk Rl Rkdfx df−1
y

id

This follows k = l, hence, if f : U → V is diffeomorphism, then dfx is isomorphism.
i.e The linear mapping should be invertible as desired.

Proposition 3.5. Inverse Function Theorem
Let U ⊂ Rk be open sets such that x ∈ U . If dfx : Rk → Rk be a smooth then,
f : U ′ → U is diffeomorphism where U ′ ⊂ U . i.e. Since we already know that dfx is
nonsingular, f maps x ∈ U ′ diffeomorphically to an open set f(U ′).
Remark. A smooth map f need not to be always injective.

4 Regular Values
Definition 4.1. Regular point
Suppose two maninfolds M ⊂ Rk and N ⊂ Rk. If f. : M → N is a smooth mapping
then, we call x ∈ M be a regular point of f . The strict condition applies with an
invertible linear mapping dfx.
Definition 4.2. Regular value
Since we are mapping through same dimensions that are locally Euclidean, we first
set f(x) = y ,such that y ∈ N . If f : M → N is diffeomorphism, then we could
define a regular value matches to each y ∈ N when f−1(y) corresponds only to
regular points x ∈ M .
Remark. This regular values generates from the Proposition 3.5 Inverse Function
Theorem.
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5 The Fundamental Theorem of Algebra
By definition, we already know the fundamental theorem of Algebra: every

nonconstant complex polinomial P (z) must have a zero. However, I sill don’t get
the Milnor’s example of using this notion.

Figure 1: This is a screenshot from my notes.
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Problem8 LetM c IR NC Irdbesmoothmanifolds

Wewant to show T Mxn any TMx x TNy
Since M N are bothsmoothmanifolds M x N C 112kt isalso a smoothmanifold

Now let 71,4 E MXN wedefinetangentspace T Mxn ing bylocal parametrization

f xg U x V S M x N C 112kt of a neighborhood f xg I u xV of KY

in MXN i e Thereexists fxg u u x y givenbyflat K Gcu L

Here if wetake a map f xg as a mapping fromopensubsets U in 112mand V in 112

to 112kt thederivative d fxglan Rmt s 112kt
l

Then our tangentspace TMXN pay is equalto the Imaged itxg aup
112Mt

Now consider parametrizationofeachsmoothmanifold MandN suchthat a eMand y e N

we have f U 7MCIR with flu K 4 g V S NCtrlwithgov L
Thenweseethederivative dfa Irm7112k dgu Irn 71121

Applyingthesamenotionabove TMx Imagedfa 112m of dfu TMy Imagedgu112 ofdgr

Notice TMx xTNy Image dtaxdgu 112Mt

Image dfatal dguly wealreadyknow fol of x inM
glut of y in N

Imaged fig a v Rmt 1 given fluke Gcu y

Hense TIMXNI ix y TMx XTNy o
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Problem9

1 Graph P setofall 12sy EMxNwithfact L f M s N be a smoothmap

Wewanttoshowthat graph f is a smoothmanifold

Let MC IR NCIR beopensets since f M sN is a smoothmapping

foreach X EM FopensetWCIR with Kew a smoothmap F W sIR

inwhichcoincides f throughoutWhM
Hereconsider a parametrization g u sMCIR h v 7Notre

weobservethecommutativemap W F s 1121

gt inU
nofog 1 f f in WhM

NowgraphP is asetofallthesets ex fall in MxN
and wealreadyknowthat f mapssmoothly g u into h V forneighborhoods

goalof x haul of fast

ThismeansgraphP has a subset XXY C 112ktdsuchthat XEX toneY
i.e ix fall e X xY contains a neighborhood WhM diffeomorphic to UxV

oftheEuclideanspace 112Mt INote UCIRM VCIR
Hence grapht is a smoothmanifold
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11 TTing CTMx xTNy graphdfa

considercommutativegramofthelinearmappingwhereUCIRMVCIrn WeIRK

suchthat u gnel v h ly withfry L
wehave irk dtx ppl

n

dgu dhr

IRM y 112

dIntofog
since Mcirk NCIR weseethatdixmapsImagedga intoImagedhu

MoreoverdfxdoesnotalwaysdependontheparticularF so

dfx dhuo dChotog a o dga

Thisgives us thefact dfxTMa S TNy

Now TMx xTNy Image dgux dhr
112Mt

ImageIdgala dhuyl
graphIdfa
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Problem10 Let Meirk TM ixV E MARKIVETM

1 wewanttoshowTMis a smoothmanifold

sincev'sareelementsofthevectorspareThx defined as tangentvectors

to M at X TMx C IR

Now TMis asetofallthesets xTmx where x 12h k be a tuple

Forall xEM dfx carries x homeomorphically toTMx andbothdtx dfix is smooth

it isclearly a diffeomorphism

Then wehave a subsetT CTM suchthat lxVlET has a neighborhood WAT

inwhich is diffeomorphic to an openset U in112m

Hence TM is a smoothmanifold

ii wewanttoshow f M 1 N be a smoothmap soas to df TM TN
where dcg.fi dgodf

Let MeIRK NCIrdsuchthat xEMand yEN if f M 7N is a smooth

thenK l with that L
Applying shainwith a commutativemap M M

Then a linearmapof our composition pk dfa ppldtj ppk

so if f M N is diffeomorphic dfx is isomorphic

Now let TN YWENXIRIIUETNy
Since the Y weset 9 I'y then the TNy

d91 TMX

Thisimplies TM at s TN d4 TM

Hence a linearmap df TM 7TN is isomorphism o
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1 WewanttoshowthatgraphTiny is a smoothmanifold

Let f M Nbe a smoothmap GraphTony x 4 EMXN tix L

Let M c IR N C IR locally Euclideanspaces Notice our May C112kt
l

Nowvisualize ourgraph Irl

oj
tt 11.4 withtha y

c m y y112k

Then consider projectionmap T Ray 7 M

14toll

M May

21 I 7 171feel

since f is a smoothmap we alreadyknowthemapcontains smoothinverseandbijection

Indeed TLand Tl are bothcontinuousandbijectivealongwithsmoothness

concludes to diffeomorphism Now wewilluse localparametrization toconfigure

Ray is a smoothmanifold
Let U V C M xN suchthatopensetsof112kt i e U c 112kt VciRm m Ekth

We set hxg Ux V S MxN C 112kt be a parametrization

i e Thereexists hxg u xV x y givenby h ul x and g v L

Wehave to becareful that y flat where f is diffeomorphism

Hence our totalparametrization hxgmaps UandU totheneighborhoodof x and fix

it isalsodiffeomorphism

Seuk 1






































































































Observethecommutativediagram

Mx N
T

s

In

hxg

Ux V T
S U

The projection map Tc maps MxN to our Imagef M N smoothly

Then Ta g o Te o hxg U xU U is also a smoothprojection

Hence ourprojectionmapTlahas a smoothbijectionandinverse it is
diffeomorphism

between opensets U V C Mayi

Thuswehaveshownthat Tony is a smoothmanifold o
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ii wewanttoshowThay C TM XTNy

FromM C IR NC IR openand f M N besmoothmap wewillparametrize Roxy

givenby g M s May C 112kt
d
i.e g x i s oltall

Then our tangentspace of thegraphTRay Imagedga suchthat IRK 1112ktd

ThismeansThay Tdtha t K EM

If we parametrizeMandN separately suchthat h U 7MCIR ha V NCtrl

of a neighborhood h u of xEMwithhilal x and ha V of ye N where y that

with hacul y then we havethefollowingtangentspaces

TMx Image dhiu and TNy Image dhaul

Now TM XTNy Image dha x dhav

Image dhiu x dhav ly f171 Y

Image dx xd ta c 1122kt
l

Imdiet 112 s112 Imldfin irk 7112kt

Hence TT ay C TMxxTNy o
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1 GivenM C IR we defineTM 1171V1EMXIR I VETM as a Tangentbundlespace

i e TM YeTMx WewanttoshowthatTMis a smoothmanifold

Construct a projectionmapT1 TM 7 M that is smooth

ixV1 N X

ie FVETMx Timapsto AK EM

Clearly TN M STM
x I s iguy

is alsosmooth

Then weseethat ourprojectionmapisdiffeomorphism

Now construct a localparametrizationfromour projection followingthecommutativegram

TM Tilol
h 1122k

T Ti no Tog

M
V

U 9 914 pk

Here if we locally parametrize TM suchthat h Tilo TM c1122k

it followedbysmoothprojection Tl h isalso a smoothmap

Hence TM is a smoothmanifold O

ii Foranysmoothmap t M I N df TM TN

ie ThelinearmappingfromTN to TN

First Theremustbetheexistenceof 2 sidedinverse t g are bothinfinitelydifferentiable

M t in N

É
ThisfollowsMark NCIR suchthat dt is isomorphism
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Let s c IR consistingofpoints x.gl suchthat x t y 1

71 Wewanttoshowthat s is a smoothmanifold

Since S c IR a locally Euclideanspace atanypoint p e s

is a 2 tuple P x y Nowfroma localparametrization of S suchthat u c s with P E d

f U S M CIRK K22 foreachpartialderivatives afaxe 242yd icy exists

Explicitly wecould consider 3 cases from P 71,4 E5

If X Othenwehave a map g Y 7 X for K EX LEY

with g y F or 92141 FE
Notice 9 carries Y to X homeomorphicallyandthegraphPg 5

ii It x 0 then h Y X with hey Fy
Y i in

Fromtheopensubset Y E f 11 CIR h hassmoothbijectionandinverse

Thegraph th 5

ii It x so thenwehave a smoothmap H Y XwithHly Fy
Usingtheresultfrom il forany yeclill HandH is smoothandbijective

Moreoverbecause s CIR andwecould construct 2nd countablebasisfromIR
S isalso2nd countable

Also we canconstruct a openset inanypointsof S suchthat P 79,4 Q 762,42 E S

in

d

Then wefind UpAUg of andthus it is Hausdorff

To conclude s satisfies the properties ofmanifoldsalongwithsmoothness

it is a smoothmanifold
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I 2 Tangentspace TSsay Let pes suchthat P KY

I from a local parametrization of s cir

g

wehaveshownthat g XEXCIR SCIR
170y x i s x y

I
clearly s is a smoothmanifoldof IR

Here foreach pes c IR thederivative is dgp IR s IR

Implicitly wehave a tangent line at lx Y da tdy

Precisely at a point xyl TSay C IR ofdimension I isthetangentspace

of S

I 3 wewanttoshow f S s IR suchthat f x y Y is a smoothmap

Initially wewill construct 2 opensets u u c s suchthat U n v 0

Let U AP KL E S I K Of V It Q NY ES I KCO

Then our map f s y describesbythe following

I Y

o
u g

É
X x

Q
Play

t t

I i
n al

v
f

X X

Q171,41
9 i t I
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1 case U we have u Y f ly It Y
Thederivative dfa dy t dfly 1g 1

it case v we have f V L f y f IT Y
Thederivative dtr l defy Ig 1

Notice fand f are continuousandbijective hence it ishomeomorphism

Also eachcoordinate PE U Q EV hasderivatives

Thus f is a diffeomorphism so it is a smoothmap

74 From a smoothmap f S s IR with f x y I thegrap It
isdefinedby Ray 3171,4 E S xIR 17121,4 L
Wealreadyknowthat s is a smoothmanifold of I dimension
1 From case u Tfa 4171,4 I II E
Rightpart of s x'ty L withheight 1,1 i i

y s y
1 Likewise fromV Ptu 1741 Fy l

x I ILeft half of s x't y L with hell l

att
n yj y

Hence our graph Tff is 2 dimensionmanifold in 1123
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NY
15 atYaYa since f 21,4 s y

wefind f a s YsXo

Atthepoint I't E thetangentlineto s

is implicitlygivenby Idx tf dy
In coordinates x y fatdo I tdy x t y E

sothederivative dfa R s IR maps each aceX onto Is the yEY onto t tdy
Observethatthegraph IdfaC 1122 istheline at y Fh
Also Tfa is thepoint I I suchthat s t Is
Then thetangentspace Tita is a linethatpasses t I 4 2

Hence Idfa T Tta

Seuk 4



 
le

a Ya Ya E S i

f S s IR YaYal
suchthat f 71,41 4 x

since f SCIR SIR

Notice TS CIR of dimensionL

So dfa is a linearmap from TS'a to TIRy where y flat
Then dfa IR IR

p

dfa
7

dfj

identity

1122

Thederivative for a smooth map

we find d f ixY 2ndx 2ydy dy
Then atthepoint Ya Ya ft't s Ye

the derivative is 2 E da t 2 Yady dy

or explicitly F x x 52 y y y y



Sard and Brown
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1 Introduction
Prior to studying Sard’s theorem, we will first review the terms of rank in

smooth maps, regular values, and density. As of preview, the theorem explains
that the smooth map from the set of critical values to other Euclidean space is a
Lebesque measure zero. Throughout history, the basis of the preliminary theorem
was discovered by Arthur Brown in 1935, extended by Morse in 1939, then Sard
proved the theorem presented in the American Mathematical Society in 1942. In
turn, it is also known as Sard-Morse-Brown theorem of analyzing the smooth map
of critical set. Our goal here is to show that why does Brown theorem is a corollary
followed by Sard.
Definition 1.1. Rank in a smooth map
In general, let M → Rk and N → Rl, such that x ∈ M ; y ∈ N with f(x) = y, if
f : M → N be a smooth map between smooth manifolds M and N , then we see
the derivative dfx : TMx → TMy. Here, rank of a smooth map is equal to the rank
of its differential at a point x ∈ M .
i.e dfx has rank(k) so that the image(TMx) has dimension k.
Definition 1.2. Regular values
Let M → Rm and N → Rn, we have a smooth map f : M → N . If for any
x ∈ M , such that the derivative dfx is invertible, we call it as a regular point of
smooth map. Followed by the inverse function theorem, where f may not be always
injective; ∃y ∈ N with f(x) = y if our inverse map f−1(y) has only regular points,
then we define the point y ∈ N to be regular value.
i.e. From a smooth map f : M → N with x ∈ M ; y ∈ N , such that ∀x ∈ f−1(y),
the linear map dfx : TMx → TNy is surjective.
Further observation: Let #f−1(y) be a collection of regular points, f−1(y) ∈ M
with y ∈ N be a regular value. Here, if M is compact manifold from a smooth
map f : M → N , then the set of regular points f−1(y) is finite. Since, both M
and N are manifolds in a smooth map f , there must be a Hausdorffness, second-
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contablility, and locally-Euclidean as a property of topological manifolds. Then
we could consntruct some pairwise disjoint neighborhodds U1, · · · , Uk such that⋃

k∈I

Uk → M from a set of regular points #f−1(y). Likewise, ∃Vk → N disjoint

neighborhoods such that for any y′ ∈ V , we have #f−1(y′) = #f−1(y). Observe
that each neighborhood a map Uk ∈ M to Vk ∈ N is diffeomorphism, then we can
take V ∈ N =

⋂

k∈I

Vk − f(M −
⋃

k∈I

Uk).

Remark. Compactness
Let (X, τ ) be a topological space, such that a collection of open subset Ak → X be
open covering X. i.e.

⋃

k∈I

Ak = X.

Then, X is compact whenever ∀Ak contains finite subcollection that also covers X.
i.e. ∀aj → Ak, then

⋃

j∈I

aj = X

Definition 1.3. Critical values
From our smooth map f : M → N , if ∃x ∈ M such that dfx is singular, we call it
as a critical point of f and the image f(x) ∈ N is a critical value.
i.e. The derivative from a smooth map f at a point x ∈ M , dfx : TMx → 0.
Definition 1.4. Density
Recall from a Basic Topology, let (X, τ ) be a topology on X; let U → X be a subset.
If U = X, then it is everwhere dense. Also, U is dense in X if and only if non-empty
open subset V → X, such that U ∪ V (= ε. However, we need to expand this notion
toward manifold.
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2 Sard’s Theorem
Theorem 2.1. Sard, 1942
Let U ∈ Rm be ann open set, let f : U → Rn be a smooth map.
If

C = {x ∈ U | rank dfx < n}

, then the image f(C) → Rn has Lebesgue measure zero.
Remark. Lebesgue measure zero
Milnor briefly explained that for any ε > 0, to cover imagef(C) by a sequence of
cubes in Rn with total n-dimension volume is less than ε.
i.e. For f(C) → Rn, if the image f(C) is Lebesgue measurable zero, we define as

m(f(c)) =
∑

V olnBi < ε

(the sum of open cubes Bi in total of n-dimension).
Corollary 2.1.1. Brown, 1935
Let M → Rm, N → Rn, from a smooth map f : M → N , the set of regular values is
everywhere dense in N .

Now, we want to show the analysis of Sard’s theorem contains the fact of
Brown’s. First, we will use some concrete example in order to demonstrate Sard’s
theorem.
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b

At thepoint 2,41 in thesmoothmanifold s

First wefindthederivative dstay 271da t 2ydy theslope g
Let x y be facy't Es theequation of thelinearline

y y f x x

Explicitly wehave 24 Y Y t 2K X x

Thisis TSmy C IR ofdimension1

i Y with K C or K then TSsay isthefollowing

i

g

Likewise for x so TSsay 70 1

x I 71 1

i 72 0 then171.41 0,11 or 0 1

since I 4 0I

4 1 TSsay isthelinearline y IL

t o I x

i 4 1
















iii x 0,470 or x o y co
Y ourdy Ey i so

171,4 thefollowinglinearlineshowsTS ay

o x

171,4

iv x so y 0 or 270 yh

I TSsayC112 with IT Ey

fromthiscase
171,41 I

t o z x

I 17,41

combineallthecases TSsay isthelinearlineforall 17441ES

i

x



C
Wewanttoshow f S i IRwith f xy y is a smoothmap

Let UCS VCIR thenwehavethefollowingcommutativediagram

fog
u

Thisgivesrise tothe derivative since UCIR VC IR

IR
df ydtilist

1122
Identity

I 1122

Explicitly constructopensets in S withthefollowing

U 17441E5 I Y
ay

U2 1744 e s t y s y
i

x x

U 171,4 E S I 270

g
44 17,41ES I x of

Is x



Observetheintersections U NUs U A44 UsAUs Ua744
LetWi Unus then f 71,41 s Y shows

it

o ik
t

s y s x

we observethat f Wl s 0,1 C IR
Likewise Wa dinUy then f Wa 0,1

I t

setting W UanU Wa 42144

Ws s O 1 CIR f Wa 0 1

at it

t

y
I K 7 n x

i

it at

a
t

y on x

Y

EachWiWaWaWashowshomeomorphismandpartialderivativesexist

Hence f s 1112 is asmoothmap



C Thepoint a YaYal E S

First wewillfindthetangentspaceTS'a i described as

39 x x

I YaFal Here 12 y la El
o Then our TSa Kt y 52

From a smoothmap f S IR dfa 112 s IR

since f x y L we find dfa Tsa IR suchthat df 7.41 dy

iie The tangentspace TS yaya maps to IR in Y axis

Then thegraph 1 dta c IR is atty Fa dy dz

so thelinearline xty E on a plane 1 2

Since the Taifa is s Xt y I on a plane y Z

TTaifa is the linear line that passes YaYaGa lyingon theplane 1 2

I

xty E with dy dz

y

y



FC 2 consider g x y s IR definedby9171.41 42

since 12,41 Es we findthe graph V94.41 1794,4 as thefollowing

Atthepoint a YaYa g la Ya Pglal lls t s

dga Tsa IR suchthat dy 24

Thismeans TS'a Icty 52 24 with Gla E24

Tdga 174 52,24 is thelinearline acty F on a plane 2 24

g

I la t ll


