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INTRODUCTION

For  generations  of
graduate students and
m a t h e m a t i c i a n s ,
Differential
Topology  by  Victor
Guil lemin  and  Alan
Pollack has been a rite
o f  passage .  F i r s t
published in 1974, this
classic  text  elegantly
b r i d g e s  t h e  g a p
between  advanced
calculus and the deep
geometric  ideas  of
topology.  However,  its
succinct  prose  and

e legant  but  o f ten
cryptic  exercises  have
left  many  a  student
yearning for a guiding
hand. This is where the
S o l u t i o n  O f
Differential
T o p o l o g y  B y
Guillemin  Pollack
comes  into  its  own.
W h e t h e r  y o u  a r e
s t u d y i n g
i n d e p e n d e n t l y ,
preparing for qualifying
exams, or simply trying
to  in terna l i se  the
b e a u t y  o f
transversal ity  and
Morse  theory,  a  well-
c r a f t e d  s o l u t i o n
manual  can  transform
y o u r  l e a r n i n g
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experience.  In  this
comprehensive  guide,
we  will  explore  what
makes  the  textbook
u n i q u e ,  w h y  t h e
s o l u t i o n s  a r e
indispensable, and how
you  can  use  them to
master  the  subject
without falling into the
t r a p  o f  p a s s i v e
learning.

WHY GUILLEMIN
AND POLLACK
REMAIN ESSENTIAL
READING

Before  diving  into  the
solutions,  it  is  worth
app rec i a t i ng  the
t e x t b o o k  i t s e l f .
Differential
Topology by Guillemin
a n d  P o l l a c k  i s
r e n o w n e d  f o r  i t s
geometric intuition and
c l e a n ,  c a t e g o r y -
theoretic  approach.  It
c o v e r s  s m o o t h
manifolds, the tangent
bundle,  the  inverse
funct ion  theorem,

t r a n s v e r s a l i t y ,
intersection theory, the
Euler  characteristic,
Lefschetz  fixed  point
t h e o r e m ,  a n d  a n
introduction  to  Morse
theory.  What  sets  it
apart  is  its  emphasis
on  transversality  as  a
unifying  concept.  The
a u t h o r s  t r e a t
differential  topology
not  as  a  toolbox  of
c o m p u t a t i o n a l
formulas,  but  as  a
c o h e r e n t  w a y  o f
thinking about generic
properties  of  smooth
maps.
Yet  the  textbook  is
famously  terse.  Every
sen tence  ca r r i e s
w e i g h t ,  a n d  t h e
exercises are designed
to force the reader to
fill  in  the  gaps.  The
problems  range  from
s t r a i g h t f o r w a r d
verification  to  deep
conceptual expansions,
often hinting at results
tha t  a re  no t  fu l l y
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developed in the text.
Because of this, many
students  find
themselves  stuck  on
problems  that  appear
simple  but  require  a
firm  grasp  of  the
definitions.  A  good
S o l u t i o n  O f
Differential
T o p o l o g y  B y
Guillemin  Pollack
prov ides  no t  j us t
a n s w e r s ,  b u t  a
r o a d m a p  o f  t h e
reasoning.

WHAT THE
SOLUTION SET
OFFERS: MORE
THAN JUST
ANSWERS

A  typ ica l  so lut ion
manual  for  Guillemin
a n d  P o l l a c k  g o e s
beyond merely writing
the  final  answer.  It
recreates  the  logical
steps,  offers
a l t e r n a t i v e
a p p r o a c h e s ,  a n d
cor rec ts  common

misunderstandings.
The best solutions are
structured  to  mirror
the  chapters  of  the
book,  often  beginning
with  a  restatement  of
the  problem  and  a
clear  definition  of  the
objects  involved.  They
then walk through the
key steps, appealing to
theorems and lemmas
from  the  text .  For
example, a solution to
an exercise about  the
embedding  theorem
might  first  recall  the
Whitney  embedding
theorem’s  statement,
then use transversality
arguments  to  reduce
t h e  d i m e n s i o n
incrementally.
T h e  So lu t ion  O f
Differential
T o p o l o g y  B y
Guillemin  Pollack  is
particularly  valuable
for problems on Morse
f u n c t i o n s .  M a n y
students  struggle  with
constructing  explicit
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Morse  functions  on
arbitrary  manifolds.  A
good solution will show
h o w  t o  u s e  b u m p
functions  and  local
coordinates,  thereby
demyst i f y ing  the
construction.  Similarly,
problems on the Euler
c h a r a c t e r i s t i c
frequently  involve
cellular  decomposition
and the Poincaré–Hopf
theorem. Solutions that
explicitly  compute  the
index  of  a  vector  field
a t  a  z e r o  a r e  a
godsend.

Clarifying
Transvers
ality and
Genericit

y
O n e  o f  t h e  m o s t
confusing  topics  for
beginners is the notion
of  “gener ic i ty”  o f
transversality.  The
textbook  proves  that
transversal  maps  are
dense in the space of
smooth maps, but the
proof is highly abstract.
Many  solution  sets
b r e a k  d o w n  t h e
p a r a m e t r i c
transversality  theorem
into  digestible  pieces,
showing how to  apply
it  to  concrete families
of maps. This is where
t h e  s o l u t i o n  o f
differential  topology
by Guillemin Pollack
t r u l y  s h i n e s :  i t
transforms  abstract
functional analysis into
a c t i o n a b l e
p r o b l e m ‑ s o l v i n g
techniques.
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KEY TOPICS
COVERED IN
TYPICAL SOLUTION

MANUALS

While  every  solution
collection  has  its  own
style,  most  cover  the
core exercises from all
seven chapters  of  the
book.  Here  are  the
most  common  topics
you  can  expect  to  find
clarified:

Chapter 1:
Manifolds and
Smooth Maps –
definitions, the
inverse and
implicit function
theorems,
submersions and
immersions,
embeddings, and
the Whitney
embedding
theorem.
Chapter 2: The
Tangent
Bundle –
tangent spaces,
derivatives, the

tangent bundle,
vector fields,
flows, and the Lie
bracket.
Chapter 3:
Transversality
– the definition,
the parametric
transversality
theorem, the
Whitney C∞
topology, and the
Thom
transversality
theorem.
Chapter 4:
Intersection
Theory –
oriented
intersections, the
degree of a map,
the Euler class,
and applications
to the
Poincaré–Hopf
theorem.
Chapter 5:
Lefschetz Fixed
Point Theorem
– the Lefschetz
number,
relations to
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intersection
theory, and the
Hopf index
theorem.
Chapter 6:
Morse
Functions –
critical points,
the Morse
lemma, handle
attachments, and
the cellular
structure of
manifolds.
Chapter 7: The
h‑Cobordism
Theorem – an
introduction to
the powerful
classification tool
(though often
covered only
superficially in
solutions).

Each of these chapters
con ta ins  a  m ix  o f
computational  and
conceptual exercises. A
c o m p r e h e n s i v e
S o l u t i o n  O f
Differential
T o p o l o g y  B y

Guillemin Pollack will
address  both  types,
ensur ing  that  the
reader understands not
only  how  to  compute
an intersection number
bu t  a l so  why  i t  i s
well‑defined.

HOW TO USE
SOLUTIONS
EFFECTIVELY
WITHOUT
CHEATING
YOURSELF

There  is  a  fine  line
b e t w e e n  u s i n g  a
solution  manual  as  a
learning  aid  and as  a
crutch.  The  goal  of
studying  differential
topology is to develop
a  geometric  intuition
that  will  serve  you  in
research  or  further
c o u r s e w o r k .
Memorising  solutions
will  not  achieve  that.
Instead,  follow  these
strategies  to  get  the
maximum  benefit  from
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t h e  s o l u t i o n  o f
differential  topology
by Guillemin Pollack:

Attempt the1.
problem
yourself first.
Spend at least
20–30 minutes
wrestling with
each exercise.
Write down
definitions, draw
pictures, and try
to apply the
relevant
theorems. Even if
you do not get all
the way, the
struggle will
make the
solution much
more
meaningful.
Use the2.
solution to
check your
reasoning. After
you have a
partial or
complete
attempt, open
the solution.

Compare your
approach step by
step. Where did
you go wrong?
Did you assume
something that is
not yet proven?
This kind of
reflection
deepens
understanding.
Focus on the3.
“why” rather
than the
“what”. Good
solutions explain
the intuition
behind each
step. For
example, when
computing the
index of a vector
field, the solution
might note that
the index is
equal to the
degree of the
Gauss map – and
then show how
to compute that
degree using
transversality.
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Absorb the
reasoning, not
just the final
integer.
Work in4.
groups. If you
are in a class or
study group, use
the solutions as a
springboard for
discussion. You
can compare
your own
solutions with
the published
ones and debate
alternative
methods. This
collaborative
approach turns
the solution set
into a
conversation, not
a monologue.
Skip ahead5.
only when
necessary. Do
not read the
entire solution
manual cover to
cover. Let it be a
reference when

you are truly
stuck. The joy of
differential
topology lies in
the “aha”
moment of
finding your own
path through a
proof.

COMMON
CHALLENGES
STUDENTS FACE –
AND HOW
SOLUTIONS HELP

Even  with  the  best
in tent ions ,  every
student hits walls. Let’s
look  at  a  few  specific
pain  points  where  a
reliable  Solution  Of
Differential
T o p o l o g y  B y
Guillemin Pollack can
rescue your sanity:

1. The
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Inverse
Function
Theorem

Revisited
Many  exercises  ask
you  to  show  that  a
g i v e n  m a p  i s  a
diffeomorphism  onto
its  image.  Novices
often confuse the local
c o n d i t i o n  ( t h e
derivative  being  an
isomorphism  at  each
point)  with  the  global
condition  (injectivity
and  sur ject iv i ty) .
Solutions  routinely
emphasise  that  the
i n v e r s e  f u n c t i o n
theorem  only  gives  a
local  diffeomorphism,
and  that  one  must
separately  verify  that
the map is proper and
inject ive  to  get  an
e m b e d d i n g .  T h i s

distinction  is  crucial
and  often  missed  in
self‑study.

2.
Transvers
ality to a
Submanif
old
The  definition  of
transversality – that at
every  intersection
point  the  sum  of  the
tangent  spaces  spans
the  ambient  tangent
space  –  is  simple  to
state  but  tr icky  to
a p p l y .  T y p i c a l
problems  ask  you  to
perturb a map to make
it transversal. Solutions
illustrate  how  to  use
t h e  p a r a m e t r i c
transversality  theorem
by  constructing  an
explicit family of maps
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(e.g., translating a map
by  a  small  vector).
They  also  show  that
transversality  is  an
open condition,  a  fact
that  is  central  to  the
“generic” philosophy of
the book.

3. Index
of a
Vector
Field at
an
Isolated
Zero
C o m p u t i n g  t h e
Poincaré–Hopf  index
for  vector  fields  on
man i fo lds  can  be
intimidating.  Many
exercises  require  you
to  find  the  index  of  a

vector  field  defined  in
local  coordinates.
Solutions  wil l  walk
t h r o u g h  t h e
computation  of  the
d e g r e e  o f  t h e
associated map from a
sphere  to  itself,  often
using polar coordinates
and the determinant of
the Jacobian. They also
alert  you  to  the  fact
that the index can be
computed by looking at
the sign of the Hessian
of a Morse function – a
connection that  is  the
heart of Morse theory.

4.
Construct
ion of
Morse



Solution Of Differential Topology By Guillemin
Pollack 11

11

Functions
The  textbook  proves
that  Morse  functions
exist (by the density of
f u n c t i o n s  w i t h
non‑degenerate critical
p o i n t s ) ,  b u t
constructing one on an
explicit manifold like a
torus  or  a  projective
s p a c e  c a n  b e
non‑trivial.  Solutions
prov ide  concre te
examples:  they  take
the height function on
an  embedded  torus,
show  that  the  critical
points  correspond  to
the  top,  bottom,  and
saddle  points,  and
compute the Hessian in
coordinates  to  verify
non‑degeneracy.  This
demystifies  an
otherwise  abstract
existence  result.

WHERE TO FIND
QUALITY

SOLUTIONS

It is important to note
that there is no single
“official”  solution
manual  published  by
Guillemin  and  Pollack.
I n s t e a d ,  s e v e r a l
mathematicians  and
graduate  students
have  independently
produced  solutions.
S o m e  a r e  f r e e l y
available  online  (often
w i t h  a  C r e a t i v e
Commons  license),
while  others  are  sold
as  e ‑books .  When
selecting  a  Solution
Of  Differential
T o p o l o g y  B y
Guillemin  Pollack,
look  for  the  following
qualities:

Completeness:
Does it cover all
chapters or just
the first few? A
valuable set will
go through at
least Chapter 6
(Morse theory).



12

12 Solution Of Differential Topology By
Guillemin Pollack

2026-07-19

Clarity: Are the
solutions written
in full sentences,
or are they terse
bullet points?
The best ones
explain each step
in plain English.
Accuracy:
Check a few
problems you
have already
solved to see if
the solutions
match your
reasoning.
Peer‑reviewed
solutions (e.g.,
from a university
course) are
generally more
reliable.
Diagrams:
Some solutions
include
hand‑drawn or
LaTeX diagrams.
For geometric
problems, a
picture can be
worth a thousand
words.

CONCLUSION

T h e  So lu t ion  O f
Differential
T o p o l o g y  B y
Guillemin  Pollack  is
not a shortcut – it is a
l e n s .  W h e n  u s e d
wisely,  it  clarifies  the
e legant  but  o f ten
cryptic  arguments  of
the original text, helps
y o u  b u i l d  r o b u s t
geometric  intuition,
and  saves  hours  of
frustration.  Differential
topology  is  a  field
where  v isua l is ing
manifolds and maps is
as important as formal
rigour. A good solution
manual  demonstrates
how  to  t rans fo rm
abstract  definitions
i n t o  c o n c r e t e
computations, and how
to  connect  the  dots
between transversality,
degree,  and  Morse
theory.  Whether  you
are  preparing  for  a
qua l i f y ing  exam,
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teaching  yourself  the
subject ,  or  s imply
revisiting  a  classic,
keep a reliable solution
set by your side – but
always remember that

the  true  satisfaction
lies  in  grappling  with
the problems yourself.
Let the solutions guide
you,  but let  your own
mind lead the way.


