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1. In the ��4 theory, the interaction is given by

HI =
�

4!
�4

(a) Show that to lowest order in �; the di¤erential cross section for 2 particles elastic scattering in the center
of mass frame is given by

d�

d

=

�2

128�2S

where S = (q1 + q2)
2
; q1; q2 are the momenta of the particles in the initial state.

(b) Show that the 2-point Green�s function satisi�es the relation,�
�x + �2

�
h0 jT (� (x)� (y))j 0i = �



0
��T ��3 (x)� (y)��� 0�� i�4 (x� y)

Verify this relation diagramatically to �rst order in �:

2. Given a sequence of numbers g0; g1; g3; � � � ; the most economical way to encompass them is through the gen-
erating function,

Z (j) =
1X
m=0

gmj
m

m!

so that

gm =
@mZ (j)

@jm

����
j=0

The generating functional for the Green�s functions of scalar �elds is de�ned by,

Z [J ] =

1X
m=0

im

m!

Z
d4x1 � � � d4xmJ (x1) � � � J (xm)G(m) (x1; � � �xm)

where
G(m) (x1; � � �xm) = h0 jT (� (x1) � � �� (xm))j 0i

and can be expressed in terms of generating functional as

G(m) (x1; � � �xm) = (�i)m
�mZ [J ]

�J (x1) � � � �J (xm)

����
J=0

(a) Show that Z [J ] can be written as

Z [J ] =

�
0

����T exp�iZ � (x) J (x) d4x

����� 0�
(b) Show that for the case of free scalar �eld Z [J ] can be written as

Z [J ] = exp

�
� i
2

Z
d4xd4yJ (x)�F (x� y) J (y)

�
where

i�F (x� y) = h0 jT (� (x)� (y))j 0i
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3. Transistion amplitude for a free particle with mass m moving in one dimension is given by

hq0; t0jq; ti =
D
q0je�iH(t

0�t)jq
E

and

H =
p2

2m

(a) Compute this amplitude directly from the Hamiltonian given above.

(b) Compute this amplitude by using path integral method.

4. The Lagrangian for a simple harmonic oscillator is of the form

L =
m

2

�
q
2
� m!2

2
q2

(a) Show that the transistion amplitude has the form,

hqf ; tf jqi; tii =
�
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�
cos! (tf � ti)� 2qfqi
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(b) Show that for an initial wave packet of the Gaussian form

 a (q; 0) =
�m!
�

�1=4
exp

h
�m!
2
(q � a)2

i
the wave function for t 6= 0 satis�es
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2
=
�m!
�
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h
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i
Namely, there is no spread of wave packet.

5. The Lagrangian for electromagnetic �eld is of the form,

L = �1
4
F��F��

where
F�� = @�A� � @�A�

Suppose we add a mass term to the Lagrangian so that

L0 = �1
4
F��F�� +m

2A�A
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(a) Show that the equation of motion is of the form,�
@�@� +m

2
�
A� � @�@�A� = 0

(b) De�ne the generating functional by

W [J ] =

Z
[dA�] exp

�
i

Z
d4x (L0 + J�A�)

�
Show that

W [J ] = exp

�
i
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�
where Green�s function by��
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G�� (x� y) = g���
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Find the Green�s function in momentum space.
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