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x1 46587 x2 469;:<9>=+=@?BA�?BC8:D5
(x − x1)(x − x2) = x2 − (x1 + x2)x + x1x2 = 0 .

E =0FHGI469>JK5�LM?;C�JKA�N)JO?BC ax2 + bx + c = x2 + b

a
x + c

a
= 0 P NQ:<RI587

x1 + x2 = −
b

a
465�7 x1x2 =

c

a
.

S+/UT 4WV�XY:Z?
x2 + 3

x(x2 + 2)
=

A

x
+

Bx + C

(x2 + 2)
,

?;C#[8A x2 + 3 = A(x2 + 2) + (Bx + C)x
/

E C�=#=0A>JK5�L x = 0 NQ:<RI5�7 A = 3
2 4@5�7 x2 + 3 = 3

2
x2 + 3 + Bx2 + Cx

/
E =0FHGI469>JK5�LM?;C�:�\D=#:Z]H\DJ^:D5W?BA)= 2 x2 P NQ:�RI5�7 B = −1

2

/
_ =`N�\aC�=#=0A;: x = 0 46LW46J^5b?B=cRI5�7d?BCI4@? C = 0

/

e :Z5�\D: x2 + 3

x(x2 + 2)
=

3

2x
−

x

2(x2 + 1)

Tgf V�XY:Z?
3

x(3x − 1)2
=

A

x
+

B

(3x − 1)
+

C

(3x − 1)2

=09 3 = A(3x − 1)2 + Bx(3x − 1) + Cx .E C�=#=0A>JK5�L x = 0 NQ:<RI5�7 A = 3
/

E C�=#=0A>JK5�L x = 1
3 Nh:iR�5�7 C = 9

/
j C�:Z5kA>:Z?;?;JK5�L x = 1 NQ:<RI58: B = −9

/
e :D5�\Z: 3

x(3x − 1)2
=

3

x
−

9

(3x − 1)
+

9

(3x − 1)2

l8/UT 4WVnm+JK58\D: cos(A + B) = cos A cos B − sin A sin B

cos 2A = cos2 A − sin2 A = 1 − 2 sin2 A

T A;JK58\D: cos2 A = 1 − sin2 A V /
m+J^5�\D: sin(A + B) = sin A cos B + cos A sin B P

.



sin 2A = 2 sinA cos A 465�7 sin A = 2 sin
A

2
cos

A

2

= 2 tan
A

2
cos2 A

2
=

2 tan A

2

sec2 A

2

=
2 tan A

2

1 + tan2 A

2

.

m+J^5�\D: cos A = cos2 A

2
− sin2 A

2
= cos2 A

2
(1 − tan2 A

2
) =

1 − tan2 A

2

1 + tan2 A

2

.

Tgf V��I=09 cos 2θ+3 sin θ = 2 [�A>: cos 2θ = 1−2 sin2 θ ?;=i= f ?a46J^5 1−2 sin2 θ+3 sin θ.

J / : / 2 sin2 θ − 3 sin θ + 1 = (2 sin θ − 1)(sin θ − 1) = 0

465�7 sin θ =
1

2
=09 1 J / : / θ =

π

6
,
5π

6
=09 π

2
.

�I=09 sin θ + 2 cos θ = 1 [�A>: ?BC�:c:��+G�9>:DA>A;JK=65 2 =09 sin θ 4@5�7 cos θ J^5�?B:Z9;FHA<= 2 tan θ

2

/
XY:Z? tan θ

2
= t

/ j C�:D5
2t

1 + t2
+

2(1 − t2)

(1 + t2)
= 1

N)C�J^\aC��#J^:��K78A 3t2 − 2t − 1 = (3t + 1)(t − 1) = 0 .

m+= tan
θ

2
= −

1

3
=69 1 465�7 θ

2
= 161.57◦ =09 θ

2
= 45◦ ,

J / : / θ = 323.14◦ =09 90◦ .

T _ =6?;:	�<A>[ f A�?BJ^?;[8?BJ^5�L 2 =69 sine JK5�?BC�: 4 f =�
0: NQ=0[��K7%J^5
6=���
6:b4kA�� [I469;: 9;=#=6?M4@5�7 4
�^=0A;An= 2 A;J^L05dJK5 2 =69;F 4@?BJ^=05b=05dA�� [I4@9;JK58L / VT \ V

sin θ + sin 4θ = 2 sin
θ + 4θ

2
cos

θ − 4θ

2
= 2 sin

5θ

2
cos

3θ

2

46587
sin 2θ + sin 3θ = 2 sin

2θ + 3θ

2
cos

2θ − 3θ

2
= 2 sin

5θ

2
cos

θ

2
.

e :D5�\Z:iNh:�L0:Z?
sin

5θ

2

(

cos
3θ

2
− cos θ2

)

= 0 ⇒ sin
5θ

2

(

−2 sin θ sin
θ

2

)

= 0
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m+= P θ = 0 JKA)4M?B9>JKG �^:<A;=��^[8?BJ^=05 46587 ?;C�:�=6?BC�:Z9;A 469>: �
5θ

2
= nπ ⇒ θ = 5nπ/2

?;C�:D9>:U4@9;:�5�= 
@4 �K[�:ZA)= 2 5d=6?;C�:D9n?;CI465 � ?;CI4@? 469>:<N)J^?BC8JK5b?BC8: (−π, π]
/

θ = nπ ⇒ n = 0, 1

46587 θ = pi JKA)4658=6?BC�:Z9nA;=��^[8?BJ^=05 P 465�7dRI5I4 �����
θ/2 = nπ

N)C�J^\aCk4@LW46JK5 J^An=05 � �bAB4 ?BJKA�RI:D7 2 =09 n = 0 J^5d?;C�:<9;: � [�JK9>:D7 9B465�L6: /

� /�� :�CI4 
0:
ε1 = 1 −

TC1

TH

4@5�7 ε2 = 1 −
TC2

TH

∆ε = ε2 − ε1 =
TC1 − TC2

TH

N)C�J^\aC J^An5�:DL04@?BJ 
0:�J 2 TC2 > TC1

∆ε

ε1
=

TC1 − TC2

TH

TH

TH − TC1
=

TC1 − TC2

TH − TC1

�I=09)4 LW46AnG = NQ:Z9-G�� 465W? ∆ε

ε1
= −15

385
= 0.038 J / : /&l8/��	�b/

�I=09)4�
 �� 5 [�\��^: 469nG �K465W? ∆ε

ε1
= −15

235
= 0.064 J / : /��8/ � �b/

�+/ j C�: 2 =69;FM[ �K4 2 =09"?BC�: f JK5�=0FHJ 4 �I\D=#:Z]H\DJ^:D5W?BA P N)C�JK\aC ?;C�: A>?;[�7�:Z5 ?;A)A;C�=0[��K7 �K=#=�� [�GdJ^5?;C�:DJ^9n5�=6?B:ZA P JKA
nCk =

n!

k!(n − k)!
.

e :D5�\Z:
6C0 =

6!

0!6!
= 1

6C1 =
6!

1!(5)!
= 6 =6 C5

6C2 =
6!

2!(4)!
=

5 · 6

2
= 15 =6 C4

6C3 =
6!

3!(3)!
=

4 · 5 · 6

2 · 3
= 20

e :D5�\Z:
(a + b)6 = a6 + 6a5b + 15a4b2 + 20a3b3 + 15a2b4 + 6ab5 + b6 .
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�8/ m+=6[�5�7�?a4 �@:DA�?BJKFH:M?B= ?;9B4 
0: � 2 9>=0F ?;C�:c\ 469<?B=d?BC8:H= f A;:Z9�
0:Z9 P j C#[8AUJ 2 ?;C�:c= f A;:Z9�
6:D99>:D\D:ZJ�
6:DA�?BC�:cG�[ �^A;: 4@?<?BJ^F :U? P ?BC�:Z5 ?;C�: T 9;: ?a469>7�:D7IV ?;JKFH:M?BC�J^A<A;J^L05I4 � J^A�:DFHJ^?;?;:D7�J^A?UF J^5 [�Ai?;C�: ?;JKFH: ?BC�: A;=0[�587 ?a4 �@:DA ?;=k\Z= 
6:D9 ?;C�:H7�JKA�?a465�\Z: f :Z? Nh:D:Z5 ?;C�:H9;:Z?B469;78:D7G =0A;JO?BJ^=05 = 2 ?BC�:�\ 4@9�?B= ?BC�:�= f A;:D9 
0:Z9 /

j C [�A [t] = t −
[|−→r |]

cs

N)C�:D9>: [|−→r |] =
√

(z − v[t])2 + x2 + y2

T N)C�:D9>: z − v[t] JKA�?;C�:�9;:Z?B469;78:D7 z G =0A;JO?BJ^=05 = 2 \ 469BV
J / : / c[t] − ct = [−→r ]

46587 A��#[�469;J^5�L
c2[t] − 2ct[t] + c2t2 = z2 + v[t]2 − 2zv[t] + x2 + y2

=09
(c2 − v2)[t]2 + 2(zv − c2t)[t] − (x2 + y2) − z2 + c2t2 = 0

46587
[t]2 +

2(zv − c2t)

(c2 − v2)
[t] −

(x2 + y2) + z2 − c2t2

(c2 − v2)
= 0

j C�:i4 f =�
0:iJKA)4 � [I467�9;4@?BJ^\<JK5 [t] P N)C�J^\aC Nh:i5�= N A;= ��
0: f
� \Z=0F G��K:Z?;JK5�LM?;C�:�A�� [I469>: /

� :<RI5�7
[

[t] +
(vz − c2t)

c2 − v2

]2

=
(vz − c2t)2 + (c2 − v2)(z2 + (x2 + y2) − c2t2)

(c2 − v2)2

j C�:i4 f =�
0: P ?B4 � JK5�L ?;C�:�5�:DLW4 ?BJ�
6:<A�� [I469>:i?;=c:D5�A>[�9;:i9;: ?a469>7I4@?BJ^=05 465�7 4 
0:D9 �dA>?;: 467��5�:Z9�
6: �#JK: �K7�A

[t] =
t − vz

c2
− 1

c

√

(z − vt)2 + (1 − v2

c2
)(x2 + y2)

(1 − v2

c2
)

�


