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ÐáñÜñôçìá
Ëýóåéò áóêÞóåùí êáé ðñïâëçìÜôùí
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ÊåöÜëáéï 1.1

1. Áðü ôï íüìï ôïõ Âoyle âñßóêïõìå üôé:

P1V1 = P2V2  Þ  �
� �

�
�

� �

�

� êáé ìå áíôéêáôÜóôáóç ôùí ôéìþí

ôùí ìåãåèþí ðñïêýðôåé:

� ����
� � 	

�
�

� 

  Þ  P2 = 1,16atm.

2. ÅðåéäÞ ï üãêïò ôïõ áÝñá ðáñáìÝíåé óôáèåñüò éó÷ýåé:

�

�

�

�
� �

�

�
��

�

�

�
�

�

�
�� � .

Ìå áíôéêáôÜóôáóç ôùí ôéìþí, áöïý ëÜâïõìå õðüøç üôé Ô = 273+È,
ðñïêýðôåé:

� ����


�	�
���   Þ  P2 = 3,21atm.

3. Áðü ôçí êáôáóôáôéêÞ åîßóùóç âñßóêïõìå üôé:

PV = nRT  Þ  ��
�

��
���  PVMB = mRT.

Áí äéáéñÝóïõìå ìå ôïí üãêï ôïõ õäñïãüíïõ ðñïêýðôåé:

PMB = ñRT  Þ  �
���

��
�  êáé ìå áíôéêáôÜóôáóç

� �� ��
� �

�

��� � ��

	�� ��

� 




  Þ  ñ = 0,08kg/m3.

4. Áðü ôçí êáôáóôáôéêÞ åîßóùóç âñßóêïõìå:

PV = nRT  Þ  �
��

��
�  êáé ìå áíôéêáôÜóôáóç

� ����
� �

�

� � �� ��

	�� ��

� �




  Þ  n = 2.697mol.

5. Éó÷ýåé üôé: PV = nRT  Þ  �
���

�
� �

���

�� �
� �  êáé ìå
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áíôéêáôÜóôáóç � � ��
� �

� � �
� �

� � 	�� ��

�� ��  � �� 
�
 




  Þ  P = 3,9.107N/m2.

6. Áðü ôç ó÷Ýóç 
�

�



�
�� � ��� , âñßóêïõìå üôé:

�
��

�
� 
�  êáé ìå áíôéêáôÜóôáóç

� � ��
�



�

 �	 �� ��

�	 ��

 �� ��

�
� � �

�

�

�

�







  Þ  � � �� �!� "

7. Ãéá ôçí êéíçôéêÞ åíÝñãåéá ôïõ äñïìÝá éó÷ýåé:

� �� � � #�$�% � � #�$�%� � � � �
�

�

�

�
	� �� � ���� � " "

Ç êéíçôéêÞ åíÝñãåéá åíüò mol çëßïõ åßíáé:

� � � � �� � � &
�
�

�' ' (
'

� � �

�


�

"

¸ôóé: � ���


�
	��" 
� � �   Þ  Ô = 320,7Ê.

8. Á. Ãíùñßæïõìå üôé

�
��

�
� �

�
� �

�  �	 �� ��
� �

� � �
�


"

¸ôóé ãéá êáèÝíá áðü ôá äýï áÝñéá, ïîõãüíï êáé Üæùôï
Ý÷ïõìå áíôßóôïé÷á:

� � � � � � ��
� �


� �	 �� ��  �� ��

� ��
��	�

� � � � �

�
�

�

�


 


êáé

� � � � � � ��
� �


� �	 �� ��  �� ��

�	 ��
�� ��

� � � � �

�
�

�

�


 


 .

Â. Ç ìÝóç êéíçôéêÞ åíÝñãåéá � , åßíáé ßäéá êáé ãéá ôá äýï áÝñéá,
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áöïý áõôÞ åßíáé ìüíï óõíÜñôçóç ôçò èåñìïêñáóßáò ôïõò. ¸ôóé
âñßóêïõìå:

� �� #�$�% � � #�$�%� � � � � �
� �

�



�
�	 �� �� �	 ��� �
 "

9. ¸÷ïõìå üôé 
�

�
�

��
�

��

�

�
�

�
�

�

�

�




�� �   Þ

�

�
�

�

�
�

�

�

�

� �� � (á)

ÁëëÜ ãéá ôç ìåôáâïëÞ ôïõ áåñßïõ õðü óôáèåñÞ ðßåóç éó÷ýåé

�

�

�

�
�

�

�

�

� (â)

¸ôóé áðü ôéò ó÷Ýóåéò (á) êáé (â) âñßóêïõìå üôé:

�

�
�

�

�

�
�   Þ  V2 = 4V1  Þ  V2 = 20L.

10. Á. Áðü ôç ó÷Ýóç 
�

�



�
��� ��� , Ý÷ïõìå

�
��

�
� �

��

� �'

� � 
� �

êáé ìå áíôéêáôÜóôáóç

� � � � � � ��


� 	�� ��

�	 ��
�!�

� �

�
�

�




Â. Ãéá ôç æçôïýìåíç ìÝóç êéíçôéêÞ åíÝñãåéá Ý÷ïõìå:

� ��
�
�

�
'

� �

�


�  êáé ìå áíôéêáôÜóôáóç ðñïêýðôåé:

� #�$�% � � #�$�%�
�

� �
�

�
	��

 �� ��
�� � � ��

�
�




"

Ã. ÅðåéäÞ ç óýãêñïõóç ôïõ ìïñßïõ ìå ôï ôïß÷ùìá åßíáé åëáóôéêÞ,
ôï ìüñéï áíáðçäÜ ìå áíôßèåôç ôá÷ýôçôá. ÄçëáäÞ

õôåë = -õáñ÷. ¸ôóé áðü ôç ó÷Ýóç )� � �*+, -�� � �
 ðñïêýðôåé üôé:

ÄP = Pôåë - (-Páñ÷) = mõáñ÷ + mõáñ÷  Þ  )� �� � �-�� �� � �
�
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êáé ìå áíôéêáôÜóôáóç âñßóêïõìå:

)� ��
�
�

� )� ��
�
�

�
�

�
� �

�
��

�	 ��

 �� ��
�! ��	 ��



�
��



"

11. ÌåôÜ ôç èÝñìáíóç ç ðßåóç êáé ï üãêïò ôïõ áåñßïõ äéáôç-
ñïýí ôçí áñ÷éêÞ ôïõò ôéìÞ, åíþ ìÝñïò ôïõ áåñßïõ åãêáôáëåßðåé ôï
äï÷åßï. Áí n2 åßíáé ôá mol ôïõ áåñßïõ ðïõ ðáñáìÝíïõí óôï äï÷åßï,
éó÷ýåé:

P2V2 = n2RT2  Þ  P1V1 = n2RT2  Þ

�
� �

��
�

� �

�

�  êáé ìå áíôéêáôÜóôáóç âñßóêïõìå:

� ����

� �� �� ��

	�� ���
�

� �

�

�




  Þ  n2 = 0,045mol.

ÌåôÜ ôçí øýîç ìå ôç âáëâßäá êëåéóôÞ, ôá mol ôïõ áæþôïõ ðá-
ñáìÝíïõí n2 ìå áðïôÝëåóìá íá ìåôáâëçèåß ç ðßåóÞ ôïõ óå ìéá íÝá
ôéìÞ P3. ¸ôóé áðü ôçí êáôáóôáôéêÞ åîßóùóç âñßóêïõìå:

P3V1 = n2RT3  Þ  �
� ��

�


� 

�

�   Þ

� �- 

� ��� 	�� ��

�� ��
�

� �

�
�


 




  Þ  P3 = 0,75.105Pá.

12. ÅðåéäÞ áñ÷éêÜ ðÜíù áðü ôïí Hg õðÜñ÷åé êåíü, ðñÝðåé ç
áôìïóöáéñéêÞ ðßåóç íá åßíáé ßóç ìå ôçí ðßåóç ðïõ ïöåßëåôáé óôç
óôÞëç ôïõ Hg. ÄçëáäÞ:

Páôì = 76cmHg  Þ
Páôì = 105N/m2.

O üãêïò ðïõ êáôáëáìâÜíåé ôï Í
ìåôÜ ôçí åéóáãùãÞ ôïõ óôï óùëÞíá
åßíáé:

V = (h - x + 10cm)S  Þ
V = 14,4 .10-6m3.

Ç áôìïóöáéñéêÞ ðßåóç åßíáé ôþñá
ßóç ìå ôçí ðßåóç ðïõ ïöåßëåôáé óôç
óôÞëç ôïõ Hg êáé ôçí ðßåóç ôïõ áæþôïõ,
ðïõ ç ôéìÞ ôçò åßíáé P.

ÊéíçôéêÞ èåùñßá ôùí áåñßùí
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ÄçëáäÞ: Páôì = 66cmHg + P  Þ

��
  

� 
��� � � �� � � � �. .� �   Þ

P = 0,13.105N/m2.
¸ôóé áðü ôçí êáôáóôáôéêÞ åîßóùóç âñßóêïõìå:

��
�

��
�� � �

����

��
� �   Þ

� �/�
� � � �

�

��� �� �� � �� �	

	�� ��

�  
 




  Þ  m = 2mg.

13. Á. Ç ïëéêÞ êéíçôéêÞ åíÝñãåéá ôùí Í ìïñßùí ôïõ áæþôïõ
åßíáé:

� �� �

� � �� � � � � �0,

�

� �
�

�

�

�
� �

�
�

�
0, �

�
�

 áðü ôçí ïðïßá ìå áíôéêáôÜóôáóç âñßóêïõìå:

� ��0, �
� �� � ��

� � ��



�  �

 � �

  
Þ  mïë = 1,65g.

Â. Áðü ôçí êáôáóôáôéêÞ åîßóùóç Ý÷ïõìå:
PV = nRT (á)

ÁëëÜ � �� � �� �
�

�
� �

� ��� 1

'

� � �

�



�



�



�
2 3

¸ôóé áðü ôç ó÷Ýóç (á) êáé (â) Ý÷ïõìå:

��
�

� �
�

�
� �
�



�


 êáé ìå áíôéêáôÜóôáóç

� � � � � �" ��
� �

�
� �

� � ��

 � ��
�   ��


� � �



. 
 "

14. Á. Áðü ôçí êáôáóôáôéêÞ åîßóùóç âñßóêïõìå:

�� ��� � ��
�

�
�� � �

�� �

��'

'
� � �
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Ìå áíôéêáôÜóôáóç ôçí ôéìþí ôùí ìåãåèþí óôçí ôåëåõ-
ôáßá ó÷Ýóç âñßóêïõìå:

� �
� � � �

�

� ��� � ��  ��

	�� ��

�  �



 ìüñéá  Þ  Í = 4,8.1016ìüñéá.

Â. Áðü ôç ãíùóôÞ ó÷Ýóç 
�

�



�
��� ���  âñßóêïõìå üôé

�
��

�
� �

��

��'

� � 
� �  êáé ìå áíôéêáôÜóôáóç

� � � � � � ��


� 	�� ��

� ��
� 	�

� �

�
�

�



" "

Ã. Ãéá ôç óõìðßåóç ìå óôáèåñÞ ðßåóç éó÷ýåé:

�

�

�

�
� �

�

�
��

�

�
� �

�

  áðü ôçí ïðïßá âñßóêïõìå üôé

� � � � �� � � �
�

�
��� "  ¸ôóé Ý÷ïõìå:

� � � � � � ��


� 	�� ���

� ��
! ��

� �

�
�

�



"

Ðñïöáíþò, áí ç óõìðßåóç ôïõ áåñßïõ ãßíåé õðü óôáèåñÞ èåñ-

ìïêñáóßá, 4 ��  ðáñáìÝíåé áìåôÜâëçôç, áöïý üðùò ãíùñß-
æïõìå åßíáé óõíÜñôçóç ìüíï ôçò èåñìïêñáóßáò ôïõ.

ÄçëáäÞ: � � �� � 	� " "

15. Áöïý ç óõìðßåóç ôùí áôìþí ãßíåôáé õðü óôáèåñÞ èåñìïêñá-
óßá, ìðïñïýìå íá ãñÜøïõìå:

P1V1 = P2V2  Þ  �
� �

�
�

� �

�

�  êáé ìå áíôéêáôÜóôáóç

� ��5��
�� 	

�
�

�
  Þ  P2 = 32mmHg.

Áöïý üìùò óôç èåñìïêñáóßá ôùí 30°C ç ðßåóç ôùí êïñåóìÝíùí
áôìþí åßíáé ðåñßðïõ 32mmHg óõìðåñáßíïõìå ðùò ïé áôìïß Ýðáøáí
íá åßíáé áêüñåóôïé, äçëáäÞ ìåôáâëÞèçêáí óå êïñåóìÝíïõò.

ÊéíçôéêÞ èåùñßá ôùí áåñßùí
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ÊåöÜëáéï 1.2

1. Êáèþò ç ëõ÷íßá óõíèëßâåôáé, ï üãêïò ôïõ áÝñá ðïõ ôçí ðåñé-
âÜëåé áõîÜíåôáé êáôÜ V. Áõôü óçìáßíåé üôé óôá èñáýóìáôá ìåôáöÝ-
ñåôáé åíÝñãåéá ç ïðïßá åßíáé:

W = PV= 105.2,5.10-2Joule  Þ  W = 2.500Joule.

2. Á. Ç èÝñìáíóç ôïõ He ãßíåôáé õðü óôáèåñÞ ðßåóç êáé êáôÜ
óõíÝðåéá éó÷ýåé:
Q = nCPÄÔ, áðü ôçí ïðïßá ìå áíôéêáôÜóôáóç âñßóêïõìå:

6 7���
�

� �
�

 ��

� ��
� !	 ��



   Þ  Q = 1,494.104kcal.

Â. Ãéá ôçí åíÝñãåéá ðïõ áðïäßäåé ôï He åêôïíïýìåíï õðü óôáèå-
ñÞ ðßåóç Ý÷ïõìå:
W= P ÄV = 105.2Joule  Þ  W = 2.105Joule.

3. Á. ÊáôÜ ôçí áäéáâáôéêÞ óõìðßåóç ç ðñïóöåñüìåíç óôï áÝñéï
åíÝñãåéá èåùñåßôáé áñíçôéêÞ êáé äßíåôáé áðü ôç ó÷Ýóç:

8
� � � �

9
�

�
�

�

�
� �

� � � � �

�

� �

� � � � �
 � 

�
� ���

� �� �� � ��

�
�


" 


áðü ôçí ïðïßá âñßóêïõìå, üôé ç ôåëéêÞ ðßåóç åßíáé P2 = 32atm.
Â. Áðü ôïí ðñþôï èåñìïäõíáìéêü íüìï ãéá ôç óõãêåêñéìÝíç

ìåôáâïëÞ Ý÷ïõìå:
0 = ÄU - W  Þ  ÄU = W, äçëáäÞ ç åóùôåñéêÞ åíÝñãåéá ôïõ
áåñéïý áõîÜíåôáé êáôÜ ÄU = 7.200Joule.

4. Á. Ôá äéáôïìéêÜ ìüñéá ôïõ õäñïãüíïõ åêôåëïýí åêôüò áðü ôç
ìåôáöïñéêÞ êßíçóç, ðåñéóôñïöÞ Þ áêüìç êáé ôáëÜíôùóç.
Áí áãíïÞóïõìå ôçí ôáëÜíôùóç ôüôå ãéá ôçí åóùôåñéêÞ
åíÝñãåéá Ý÷ïõìå:

: ��� +;< = � � �
=

�
�

� � �
�

�

�

�

�

�

 .

¸ôóé âñßóêïõìå üôé:

: �
=

� � : � = � 7�� �

: 7�� #�$�% � : #�$�%

�
�� � � � �

� � �

�

�

�

�

���

�
� 		 ��

 � �
 � �

� ��
� 		���




"
"




 "
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Óçìåßùóç: Óôï ßäéï áðïôÝëåóìá èá ïäçãçèïýìå, áí èåù-
ñÞóïõìå üôé ôá ìüñéá ôïõ õäñïãüíïõ åêôåëïýí êáé ôáëÜ-
íôùóç. Íá åðéâåâáéþóåôáé áõôÞ ôç äÞëùóç.

Â. Ãéá ôç æçôïýìåíç èåñìüôçôá Ý÷ïõìå:

6 �= )� 7�� 7�� �

6 #�$�% � 6 #�$�%

�� � � �

� � �

���

�
� 		  � ����

����

� ��
 ���


 "

"



"

5. Ç èåñìüôçôá ðïõ áðïññïöÜ ôï áÝñéï êáôÜ ôçí éóüèåñìç
åêôüíùóç äßíåôáé áðü ôç ó÷Ýóç:

6 ��� �
�

�
�

'

� � 
 ç ïðïßá ìå ôç âïÞèåéá ôçò êáôáóôáôéêÞò åîß-

óùóçò ãñÜöåôáé:

6 � � �
�

�
' '

�

'

� � (á)

Áðü ôçí åîßóùóç ôçò éóüèåñìçò ìåôáâïëÞò âñßóêïõìå ôïí ôåëéêü
üãêï VB ôïõ áåñßïõ:

PA VA = PB VB  Þ  �
�

�
� ��

'

�
'�

� � � � �� ��
�

�
� �

 ��

 ��
� �

�

�
  "

Áíôéêáèéóôïýìå óôç ó÷Ýóç (á) êáé âñßóêïõìå:

6 � #�$�% � 6 � #�$�%� � � � � �� �
�

�
�� �� �� �

� � "

6. Ãéá ôç æçôïýìåíç áðüäïóç Ý÷ïõìå:

-
�

�
� -� � � �

�
� �

 ��

��
�

�

�

��    Þ  á = 99,999997%.

7. ¸óôù Ô1 = 290Ê êáé Ô2 = 250Ê. Óôçí õøçëÞò èåñìïêñáóßáò
äåîáìåíÞ Ô1 ìåôáöÝñïõìå ôåëéêÜ èåñìüôçôá

Q = 1.000cal  Þ  6 #�$�%�
����

� ��
�

"



  Þ  Q1 = 4.167Joule.

ÈåñìïäõíáìéêÞ
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Áðü ôç ÷áìçëÞò èåñìïêñáóßáò äåîáìåíÞ (ðåñéâÜëëïí) áöáéñïýìå
èåñìüôçôá Q2, äáðáíþíôáò åíÝñãåéá W, Ýôóé þóôå:

Q2 + W = Q1  Þ  W = Q1 - Q2 (á)

ÁëëÜ 
6

�

6

�
� 6

�

�
6 #�$�%�

�

�

�
�

�

�
�

���

�!�
�� �� � � "   Þ  Q2 = 3.592Joule.

Ìå áíôéêáôÜóôáóç óôç ó÷Ýóç (á) âñßóêïõìå üôé:
W = (4.167 - 3.592)Joule  Þ  W =575Joule.

8. ÅðåéäÞ ï áëåîéðôùôéóôÞò êáôåâáßíåé ìå óôáèåñÞ ôá÷ýôçôá,
ðñÝðåé ç áíôßóôáóç áðü ôïí áÝñá íá åßíáé áíôßèåôç ìå ôï âÜñïò.
ÄçëáäÞ Á = Â Þ Á = mg Þ Á = 800Í. Óôï ðåñéâÜëëïí ðñïóöÝñåôáé
èåñìüôçôá ìÝóù ôïõ Ýñãïõ ôçò áíôßóôáóçò Á, õðü óôáèåñÞ èåñìï-
êñáóßá Ô, ìå áðïôÝëåóìá íá áõîÜíåôáé ç åíôñïðßá ôïõ áÝñá êáôÜ:
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� � � . ¸ôóé ãéá ôï æçôïýìåíï ñõèìü âñßóêïõìå:
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9. ÃñÜöïõìå ôïí ðñþôï èåñìïäõíáìéêü íüìï ãéá ôéò äýï ìåôá-
âïëÝò:

QAB = ÄUAB + WAB  êáé
0 = ÄUBÃ + WÂÃ

ÐñïóèÝôïõìå ôéò äýï ó÷Ýóåéò êáôÜ
ìÝëç êáé âñßóêïõìå:

QAB = ÄUAB + ÄUÂÃ + WAB + WÂÃ

ÁëëÜ ÄUAB + ÄUÂÃ = 0, ïðüôå:
QAB = WAB + WÂÃ  Þ
QAB = PA (VB - VA) + WÂÃ  Þ
WÂÃ = 48Joule.

10. Ãéá ôç èåñìüôçôá Q êáé ôç ìåôáâïëÞ ôçò åóùôåñéêÞò åíÝñ-
ãåéáò ÄU Ý÷ïõìå:
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=

=
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� � �

�
�

�

�



): 6�


�
  Þ  ÄU = 900Joule,

äçëáäÞ ç åóùôåñéêÞ åíÝñãåéá áõîÞèçêå êáôÜ 900Joule áöïý êáôÜ
ôçí åêôüíùóç ôï áÝñéï èåñìÜíèçêå. Áðü ôïí ðñþôï íüìï âñßóêïõìå:

Q = ÄU + W  Þ  W = Q - ÄU  Þ  W = 600Joule.
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11. Á. Óôï áÝñéï ðñïóöÝôáé èåñìüôçôá ç ïðïßá åßíáé:

6 6 6 ��� �
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Ôï áÝñéï áðïäßäåé èåñìüôçôá ãéá ôçí ïðïßá âñßóêïõìå:

6 6 6 �= � � ��� �
�

�
�

6 � �

6 #�$�%

- 0D EF F) � F E F
)

F

- 0D

- 0D

C "

C "

C "


 


" "

� � � � �

� � � � �

� �

� �

� �

�

��
�

�
	�� �� ��� � 	�� ��



��
����

Ôï ðëÞí óçìáßíåé ðùò ç èåñìüôçôá áõôÞ áðïäßäåôáé áðü
ôï áÝñéï.

Â. Ãéá ôç æçôïýìåíç áðüäïóç Ý÷ïõìå:

-
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�0B
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Ãéá ôçí áðüäïóç ôïõ êýêëïõ Carnot Ý÷ïõìå:

-
�

�
� -� � � � � � � � �� �
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���
�

�


G"�

�

¼ðùò ðåñéìÝíáìå åßíáé á´>á, áöïý ï êýêëïò Carnot Ý÷åé ôç
ìåãáëýôåñç áðüäïóç áðü êÜèå Üëëï êýêëï áíÜìåóá óôéò ßäéåò
èåñìïêñáóßåò, ùò ï êýêëïò ðïõ ðëçóéÜæåé ðåñéóóüôåñï áðü
êÜèå Üëëï ôï ìïíôÝëï ôïõ áíôéóôñåðôïý êýêëïõ.

12. Ãéá ôçí áäéáâáôéêÞ åêôüíùóç ÁÂ Ý÷ïõìå:

QAB = 0, ): �= )� �
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ÁëëÜ QAB = ÄUAB + WAB  Þ  WAB = 2.394,4Joule.
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Ç ìåôáâïëÞ ÂÃ åßíáé éóïâáñÞò óõìðßåóç. ¸ôóé Ý÷ïõìå:
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ÁëëÜ QBÃ = ÄUÂÃ + WÂÃ  Þ
WÂÃ = (-4.157 + 2.994)Joule  Þ
WÂÃ = -1.163Joule.

Ãéá ôç ìåôáâïëÞ ÃÁ âñßóêïõìå:

6 �= )� �
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� � #�$�% �

6 #�$�%
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ÅðåéäÞ ç ìåôáâïëÞ åßíáé éóü÷ùñç Ý÷ïõìå WÃÁ = 0. ¸ôóé áðü ôïí ðñþôï
èåñìïäõíáìéêü íüìï Q = ÄU + W âñßóêïõìå üôé êáé ÄUÃÁ = 4.888,6Joule.

13. Á. Ç êõêëéêÞ ìåôáâïëÞ ôïõ áåñßïõ öáßíåôáé óôçí åéêüíá.

Ãéá êÜèå ìéá ìåôáâïëÞ ôï æçôïýìåíï Ýñãï åßíáé:
WAB = PA(VB - VA) = 2.105 (10 - 5)Joule Þ WAB = 106Joule
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8 ��� �
�

�
F( '

'

F

� � "  ÁëëÜ áðü ôçí êáôáóôáôéêÞ åîßóùóç

Ý÷ïõìå:

PAVA = nRTA, ïðüôå 8 � � �
�

�
F( ' '

'

F

� � "

Ãéá ôïí õðïëïãéóìü ôïõ üãêïõ VÃ Ý÷ïõìå:
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¢ñá:

8 � � �

� � #�$�%

F( � � � � � �

� � �

� �� �
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�� �
�� � � �
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�  

 � � �

� � �

� �

� �

� �
Þ  WÃÁ = -1,7.106Joule (Ôï áÝñéï áðïäßäåé Ýñãï).

Â. Ãéá ôç æçôïýìåíç éó÷ý Ý÷ïõìå:

�
8

�

8

�
8 H 8 8 8 H � � 8���0,

0, '� EF F(� � � � � � � �� � 	 �� "

14. Á. Ç êõêëéêÞ ìåôáâïëÞ óå Üîïíåò P - V öáßíåôáé óôçí åéêüíá.

ÈåñìïäõíáìéêÞ



161

Â. Ôï æçôïýìåíï Ýñãï ãéá êÜèå ìåôáâïëÞ åßíáé:
WAB = PA (VB - VA).

ÁëëÜ áðü ôç ó÷Ýóç � �' '
�  � ��  âñßóêïõìå:

� � � �' '
�  � �� � "

¸ôóé Ý÷ïõìå:
WAB = 160 (8-1)Joule  Þ  WAB = 1.120Joule.
Ãéá ôçí éóü÷ùñç øýîç åßíáé WÂÃ = 0
Ãéá ôçí áäéáâáôéêÞ óõìðßåóç Ý÷ïõìå:
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ÁëëÜ áðü ôç ó÷Ýóç � �F F
�  � ��  âñßóêïõìå
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�	� , äçëáäÞ ôï

áÝñéï áðïäßäåé 180Joule.
Ãéá ôï ïëéêü Ýñãï Wïë = WAB + WÃÁ = (1.120 - 180)Joule Þ

Wïë = 940Joule.
Ã. Ç èåñìüôçôá ãéá ôçí éóïâáñÞ ìåôáâïëÞ åßíáé:

QAB = nCPÄÔ êáé åðåéäÞ PAÄV = nRÄÔ Ý÷ïõìå:
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Ãíùñßæïõìå üìùò üôé 9 �
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. Ç ó÷Ýóç áõôÞ

éêáíïðïéåßôáé ìüíï ãéá ìïíïáôïìéêü áÝñéï ðïõ Ý÷åé = �� �
�

�

êáé = �� �


�
.

¸ôóé Ý÷ïõìå:
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ÁõôÞ åßíáé ç ðñïóöåñüìåíç óôï áÝñéï èåñìüôçôá êáôÜ ôç
äéÜñêåéá ôïõ êýêëïõ.
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Åðßóçò QÂÃ = nCVÄÔ êáé åðåéäÞ ÄP V = nRÄT Ý÷ïõìå:
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Ãéá ôçí áäéáâáôéêÞ ìåôáâïëÞ åßíáé QÃÁ = 0.
Ä. Ç áðüäïóç ôçò êõêëéêÞò ìåôáâïëÞò åßíáé:
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15. Ðñéí ôçí åêôüíùóç éó÷ýåé:

�
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� (á)

Ìå ôçí åêôüíùóç ôï áÝñéï øý÷åôáé óå ìéá íÝá èåñìïêñáóßá Ô2.

¸ôóé: �
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�
�
� �
� (â)

Äéáéñïýìå ôéò ó÷Ýóåéò (á) êáé (â) êáôÜ ìÝëç êáé âñßóêïõìå:
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Áðü ôçí êáôáóôáôéêÞ åîßóùóç ãéá ôçí áñ÷éêÞ êáé ôçí ôåëéêÞ
êáôÜóôáóç ôïõ áåñßïõ Ý÷ïõìå:

P1V1 = nRT1 êáé P2V2 = nRT2.
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¸ôóé áðü ôç ó÷Ýóç (ã), (ä) êáé (å) âñßóêïõìå:
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16. Á. Ç æçôïýìåíç ìåôáâïëÞ öáßíåôáé óôçí åéêüíá:

Â. Ôï áÝñéï áíôáëëÜóóåé Ýñãï ìå ôï ðåñéâÜëëïí ìüíï êáôÜ ôéò
éóüèåñìåò ìåôáâïëÝò ÁÂ êáé ÃÄ, áöïý êáôÜ ôéò äýï éóü÷ùñåò
ìåôáâïëÝò ôï Ýñãï åßíáé ìçäÝí. ¸ôóé âñßóêïõìå:
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¸ôóé ìå áíôéêáôÜóôáóç óôç ó÷Ýóç (á) âñßóêïõìå:
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¢ñá ãéá ôï ïëéêü Ýñãï Ý÷ïõìå:
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Ç æçôïýìåíç áðüäïóç åßíáé:
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Ã. ÅðåéäÞ ïé ìåôáâïëÝò ÁÂ êáé ÃÄ åßíáé éóüèåñìåò éó÷ýåé QAB = WAB

êáé QÃÄ = WÃÄ. ¸ôóé:
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17. Ãéá ôç æçôïýìåíç áðüäïóç Ý÷ïõìå:
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ÁëëÜ Wïë = åìâáäüí êýêëïõ  Þ
Wïë = (ÁÄ) (ÁÂ) = (2V-V) (2P-P)  Þ
Wïë = PV

Åðßóçò ãéá ôéò èåñìüôçôåò QAB êáé QÂÃ Ý÷ïõìå:
QAB = nCVÄÔ = nCVT  êáé  QÂÃ = nCPÄÔ = 2nCPT

Ìå áíôéêáôÜóôáóç óôç ó÷Ýóç (á) Ý÷ïõìå:

-
8

6 6

��

�= � �= �

���

�� = =
�

-
�

� �
�
�

� - �

-

0,

'� EF � � � �

�
�

�
�

�
�

�

�

� �

�

� �


�

�
�
�

�
�

�

�

�� �G

� �




18. Ãíùñßæïõìå üôé ç áðüäïóç ãéá ïðïéïäÞðïôå êýêëï åßíáé:
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¸ôóé ãéá ôï óõãêåêñéìÝíï êýêëï Ý÷ïõìå:
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ÁëëÜ QÃÁ = ÄUÃÁ, åíþ ÄUÃÁ = ÄUÂÁ, åðåéäÞ ÄUÂÃ = 0. Åðßóçò
ÄUÂÁ = WAB. ¸ôóé ôåëéêÜ WAB = QÃÁ êáé
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Áðü ôçí áäéáâáôéêÞ ìåôáâïëÞ Ý÷ïõìå:
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Áíôéêáèéóôïýìå óôç ó÷Ýóç (á) êáé âñßóêïõìå:
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19. Ç éó÷ýò ôçò ìç÷áíÞò åßíáé:
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ÁëëÜ ãéá ôç ìç÷áíÞ Carnott éó÷ýåé:
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Áðü ôéò ó÷Ýóåéò (á) êáé (â) âñßóêïõìå:
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20. Ç ìåôáâïëÞ ôïõ áåñßïõ öáßíåôáé óôçí åéêüíá.
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Ç êáôáóôáôéêÞ åîßóùóç ãéá ôçí áñ÷éêÞ êáé ôçí ôåëéêÞ êáôÜóôá-
óç ôïõ áåñßïõ åßíáé:

PAVA = nRTA êáé
ÑÃVÃ = nRÔÃ,

áðü ôéò ïðïßåò ìå äéáßñåóç êáôÜ ìÝëç âñßóêïõìå:

� �

� �

�

�
� � �'

F
( F

�

�
� � "

ÄçëáäÞ õðÜñ÷åé éóüèåñìç êáìðýëç ðïõ óõíäÝåé ôçí áñ÷éêÞ ìå
ôçí ôåëéêÞ êáôÜóôáóç. ¢ñá:
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21. Á. Ç åëåýèåñç åêôüíùóç áðïäßäåôáé ìüíï ìå äýï óçìåßá Á
êáé Â, üðùò öáßíåôáé óôçí åéêüíá, ãéá ôá ïðïßá ç êáôá-
óôáôéêÞ åîßóùóç åßíáé:
P0V = nRT êáé
PB3V = nRT
áðü ôéò ïðïßåò ìå äéáßñåóç êáôÜ ìÝëç âñßóêïõìå:
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Â. Ãéá ôçí áäéáâáôéêÞ ìåôáâïëÞ ÂÃ Ý÷ïõìå:
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22. Ç ìåôáâïëÞ ôïõ áåñßïõ åßíáé Üãíùóôç êáé Ýôóé óôï äéÜãñáì-
ìá P-V óçìåéþíïõìå ìüíï ôçí áñ÷éêÞ êáé ôçí ôåëéêÞ êáôÜóôáóç Á
êáé Â áíôßóôïé÷á. Åßíáé öáíåñü üôé ôï áÝñéï ìðïñïýóå íá Ýñèåé
óôçí ôåëéêÞ êáôÜóôáóç ìå ìéá Üëëç äéáäéêáóßá, ð.÷. ìå áäéáâáôéêÞ
óõìðßåóç ÁÃ êáé óôç óõíÝ÷åéá éóüèåñìç åêôüíùóç ÃÂ, ïðüôå ç
ìåôáâïëÞ óôçí åóùôåñéêÞ åíÝñãåéá êáé ôçí åíôñïðßá èá Þôáí ç
ßäéá. ¢ñá:

ÄUAB = ÄUÁÃ + ÄUÃÂ = ÄUÁÃ + 0  Þ  ÄUAB = WÃÁ  Þ
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Åðßóçò ãéá ôç ìåôáâïëÞ ôçò åíôñïðßáò Ý÷ïõìå:
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ÁëëÜ PAVA
ã = PÃVÃ

ã, ðïõ ìå ôç âïÞèåéá ôçò ó÷Ýóçò PÃVÃ = PBVB

ãßíåôáé:
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¸ôóé ç ó÷Ýóç (á) ãñÜöåôáé:
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áðü ôçí ïðïßá âñßóêïõìå ôåëéêÜ )> �
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23. Á. Ï æçôïýìåíïò êýêëïò öáßíåôáé óôçí åéêüíá.

Áðü ôçí åîßóùóç ôçò ìåôáâïëÞò ÁÂ Ý÷ïõìå:
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Áðü ôç ìåôáâïëÞ ÂÃ âñßóêïõìå:
P0VB

ã = PÃ (32V0)
ã  Þ  P04

ã = PÃ32
ã (á)

ÁëëÜ P0V0 = PÃ32V0  Þ  �
�

F �
�

�
(â)

Áðü ôéò ó÷Ýóåéò (á) êáé (â) âñßóêïõìå:
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Â. Ãéá ôçí áðüäïóç ôïõ êýêëïõ Ý÷ïõìå:
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Ã. Ãéá ôïí êýêëï ÁÂÃÁ éó÷ýåé:
ÄSAB + ÄSÂÃ + ÄSÃÁ = 0
ÁëëÜ ÄSÂÃ = 0, ïðüôå

ÄSAB + ÄSÃÁ = 0  Þ  ÄSAB = -ÄSÃÁ  Þ  
)>

)>
'�

F(

� ��

24. Á. Ãéá ôéò äýï êáôáóôÜóåéò Á êáé Â âñßóêïõìå:

: ��� � � #�$�% �

: #�$�%

: ��� � � #�$�% �

: #�$�%

' ' ' '

'

E E E E

E

� � � � �

�

� � � � � �

�

�

�



�



�



�
�� �� ��

� ���



�



�



�
 �� ��� ��

 ���

� 

� 

"

"

Â. ÄUÃÁ = UA - UÃ = UA - UB åðåéäÞ ãéá ôçí éóüèåñìç ìåôáâïëÞ
ÂÃ åßíáé ÄUÂÃ = 0, äçëáäÞ UB = UÃ. ¸ôóé
ÄUÃÁ = (7.500 - 6.750)Joule  Þ  ÄUÃÁ = 750Joule.
Áðü ôç ó÷Ýóç ÄSïë = 0 (ãéá ôïí êýêëï) Ý÷ïõìå:
ÄSAB +ÄSBÃ + ÄSÃÁ = 0 (ÄSAB = 0)  Þ

ÄSÂÃ + ÄSÃÁ = 0  Þ  )> )>
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25. Á. W = PÄV = P (2V-V) = PV = nRT  Þ
W = 10.8,31.300Joule  Þ  W = 24.930Joule

Â. Áðü ôçí åîßóùóç ôçò éóïâáñïýò ìåôáâïëÞò Ý÷ïõìå:

�
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�
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Ã. Ç ìåôáâïëÞ ôçò åóùôåñéêÞò åíÝñãåéáò åßíáé:
ÄU = nCVÄÔ = n (CP - R) (TB - TA)  Þ
ÄU = 10 (20,8 - 8,31) 300Joule  Þ  ÄU = 37.470Joule
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Ä. Áðü ôïí ðñþôï èåñìïäõíáìéêü íüìï Ý÷ïõìå:
Q = ÄU + W = (37.470 + 24.930)Joule  Þ  Q = 62.400Joule.

26. ÌåôÜ ôç èåñìéêÞ éóïññïðßá ôï áÝñéï áðïêôÜ ôç èåñìïêñá-
óßá Ô2 ìå ðñïóöïñÜ èåñìüôçôáò Q áðü ôç èÜëáóóá, åíþ ï üãêïò
ðáñáìÝíåé óôáèåñüò. Ç áñ÷éêÞ êáé ç ôåëéêÞ êáôÜóôáóç Á êáé Â
áíôßóôïé÷á öáßíïíôáé óôçí åéêüíá. ÊáôÜ ôç äéÜñêåéá ôçò ìåôáâïëÞò
ç èåñìïêñáóßá ôçò èÜëáóóáò ðáñáìÝíåé óôáèåñÞ, ïðüôå:
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Ç èåñìüôçôá Q ðïõ ðñüóöåñå ç èÜëáóóá åßíáé ßóç ìå áõôÞ ðïõ
áðïññüöçóå ôï áÝñéï, äçëáäÞ

Q = nCVÄÔ  Þ  Q = nCV (T2 - T1) (â)
¸ôóé áðü ôéò ó÷Ýóåéò (á) êáé (â) âñßóêïõìå:
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Ãéá ôç ìåôáâïëÞ ôçò åíôñïðßáò ôïõ áåñßïõ Ý÷ïõìå:
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íôáò ôç ó÷Ýóç �
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Áðü ôç åîßóùóç ôçò éóü÷ùñçò ìåôáâïëÞò ÁÂ Ý÷ïõìå:
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¸ôóé ôåëéêÜ âñßóêïõìå:
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Ìå áíôéêáôÜóôáóç óôç ó÷Ýóç (ã) Ý÷ïõìå:
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27. Á. Ç ìåôáâïëÞ ôïõ áåñßïõ öáßíåôáé óôçí åéêüíá.

Â. ÅðåéäÞ ÄSïë = 0 êáé ÄSAB = 0, ç åëÜôôùóç ôçò åíôñïðßáò êáôÜ
ôçí éóüâáñç ìåôáâïëÞ ÂÃ åßíáé ßóç ìå ôçí áýîçóÞ ôçò êáôÜ
ôçí éóü÷ùñç ÃÁ. Åðßóçò åðåéäÞ ÄUïë = 0 êáé ç åëÜôôùóç
ÄUAB + ÄUÂÃ åßíáé ßóç ìå ôçí áýîçóç ÄUÃÁ ðñÝðåé ÄUAB<-
ÄUÃÁ.

Ã. ÅðåéäÞ Wïë = QÃÁ - QÂÃ êáé Wïë>0 ðñÝðåé íá åßíáé QÃÁ>QÂÃ,
áöïý äéáöïñåôéêÜ ðáñáâéÜæåôáé ï ðñþôïò èåñìïäõíáìéêüò íüìïò.
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ÊåöÜëáéï 2.1

1. Áðü ôçí éóïññïðßá ôçò ôñß÷áò Ý÷ïõìå:

Â = Fçë  Þ  mg = E.q  Þ  P
��

Q
�   Þ  P =�

� �

�

�� �� ��

� ��

 





  Þ

q = 8.10-9C.

2. A. Áðü ôï äåýôåñï íüìï ôïõ Íåýôùíá Ý÷ïõìå:
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  Þ  á = 100m/s2

B. Ãéá ôç æçôïýìåíç ôá÷ýôçôá Ý÷ïõìå:
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3. Ç êéíçôéêÞ åíÝñãåéá ðïõ áðïêôïýí ôá çëåêôñüíéá åßíáé ßóç ìå
ôï Ýñãï ôçò çëåêôñéêÞò äýíáìçò. ÄçëáäÞ:

Ê = WF  Þ  Ê = F. � = E.e. �   Þ
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4. Ãéá ôç æçôïýìåíç Ýíôáóç Ý÷ïõìå:
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Å = 4,9.1011Í/C.

Ãéá ôï äõíáìéêü âñßóêïõìå:
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5. Ç æçôïýìåíç åíÝñãåéá åßíáé ßóç ìå ôï Ýñãï ôçò çëåêôñéêÞò
äýíáìçò. ÄçëáäÞ:

U = WF = eV  Þ
U = 1,6.10-19.1,5Joule  Þ
U = 2,4.10-19Joule
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6. Áðü ôï íüìï ôïõ Coulomb âñßóêïõìå:
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Ãéá ôç äõíáìéêÞ åíÝñãåéá ôïõ óõóôÞìáôïò Ý÷ïõìå:
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U = 76,8.10-21Joule.

7. A. Ãéá ôç ÷ùñçôéêüôçôá Ý÷ïõìå:
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Â. Ï ðõêíùôÞò èá áðïêôÞóåé öïñôßï
Q = C.V = 17,7.10-11.12C  Þ  Q = 212,4.10-11C

8. A. Ãéá ôçí Ýíôáóç ôïõ çëåêôñéêïý ðåäßïõ ôïõ ðõêíùôÞ Ý÷ïõìå:
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Å = 4.106N/C

B. Ãíùñßæïõìå üôé + =

=
�

�

  Þ  C = åC0  Þ

C = 1,5.0,3ìF  Þ  C = 0,45ìF

9. A. Ïé åíôÜóåéò óôï óçìåßï Á áðü ôá äýï öïñôßá Ý÷ïõí ßäéá
ôéìÞ. ÄçëáäÞ:
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¸ôóé ç æçôïýìåíç Ýíôáóç ÅÁ èá
åßíáé:
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Â. Ãéá ôç äýíáìç óôï öïñôßï q Ý÷ïõìå:

R Q P � � R �'� � � � � � �
� ���  � �� ��   

10. Á. Ãéá íá éóïññïðåß ç óôáãüíá ðñÝðåé

ÓF = 0  Þ  mg = Fçë  Þ  mg = E.q =
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Â. Ç äýíáìç Fçë Ý÷åé öïñÜ ðñïò ôá åðÜíù åðåéäÞ üìùò ôï

öïñôßï ôçò óôáãüíáò åßíáé áñíçôéêü ç Ýíôáóç èá Ý÷åé öïñÜ
ðñïò ôá êÜôù, äçëáäÞ èåôéêÜ öïñôéóìÝíç ðñÝðåé íá åßíáé ç
ðÜíù ðëÜêá.

Ã. Ôï öïñôßï ôçò óôáãüíáò äéðëáóéÜæåôáé êáé üðùò ðñïêýðôåé

áðü ôç ó÷Ýóç �
��

%
�

�
 ç äéáöïñÜ äõíáìéêïý õðïäéðëáóéÜæå-

ôáé. ÄçëáäÞ V´ = 20.1012Volt

Ä. Ç çëåêôñéêÞ äýíáìç ìçäåíßæåôáé (ç óôáãüíá åêöïñôßæåôáé)
êáé êáôÜ óõíÝðåéá ç óôáãüíá èá êÜíåé åëåýèåñç ðôþóç.

11. Ç æçôïýìåíç ñïÞ åßíáé:
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12. Ç ïëéêÞ ñïÞ ìÝóù ôùí óöáéñþí áêôßíáò R êáé 2R åßíáé ßäéá,
ßóç ìå:

T
T & �

=

� �

=0, � �
�
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�
� �
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�

���
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Á. Áðü ôçí åðéöÜíåéá 4ðR2 äéÝñ÷åôáé ñïÞ Öïë

Áðü ôçí åðéöÜíåéá S äéÝñ÷åôáé ñïÞ Ö1;

T T
>

�

��
=

� T
&�
=0,� �
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�
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�

�

�
�  � ��

�� ��
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�

C





Â. Áíôßóôïé÷á ãéá ôçí ðåñßðôùóç ôçò óöáßñáò äéðëÜóéáò áêôßíáò

âñßóêïõìå:

T T
>

�

� �

=
�

T
& �

=

0,� �
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13. Óôçí ðñþôç ðåñßðôùóç ç ñïÞ ïöåßëåôáé ìüíï óôï öïñôßï q1

ðïõ âñßóêåôáé åíôüò ôçò óöáéñéêÞò åðéöÜíåéáò. ¸ôóé:

T
P ��

=
� T

&�
=�

�

�

  

��

�

�

��� �� ��

	 	� ��
�� � �

� �

�
�

� �

�� 

"

Óôçí äåýôåñç ðåñßðôùóç ç óöáéñéêÞ åðéöÜíåéá ðåñéâÜëëåé êáé
ôá äýï öïñôßá. ¸ôóé:

T
6 &�

=
�

T
&�

=

0,
�

�

    

��

�

�

�

�� �� �� � �� ��
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"

14. Á. Èåùñþíôáò ôï öïñôßï óôï êÝíôñï ôçò óöáéñéêÞò óôáãü-
íáò, ôï äõíáìéêü óôçí åðéöÜíåéÜ ôçò åßíáé:

� �
6

�
�

�
�6

�
� � � 7�

�

� �
� � � �

�
�

� �! ��  �� ��

 ��
!

!   

�

Â. Ç íÝá óôáãüíá Ý÷åé üãêï ïêôáðëÜóéï ôçò áñ÷éêÞò.
ÄçëáäÞ:

�


	
�


� C C� � � � �� � � �

Åðßóçò ôï öïñôßï ôïõò åßíáé Q = 8q. ¸ôóé

� �
6

�
�

P

�
���� �

� ����

� �
�
� � �

� � �

� �

� �
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15. Á. Ãéá ôçí êéíçôéêÞ êáé ôç äõíáìéêÞ åíÝñãåéá ôïõ çëåêôñï-
íßïõ âñßóêïõìå:

� �� (,,K R R �

�
%

�
�

�

�
� �� �

%

�

4, �� �

� �

�

�
�

�

�

�
�

�

"

"

¸ôóé Ý÷ïõìå: � �
%

�
�
�

�

�

.
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Åðßóçò : �
P P

�
� : �

%

�
� � �

� �
�

H æçôïýìåíç åíÝñãåéá åßíáé ßóç ìå áõôÞ ðïõ ðñÝðåé íá ðñïóöåñ-
èåß óôï çëåêôñüíéï, þóôå íá Ýñèåé óôï Üðåéñï ìå ìçäåíéêÞ ôá÷ýôç-
ôá. ¸ôóé:

: � 8 � 8 �
%

�
? ?� � � ��

�

�

16. A. Áðü ôç äéáôÞñçóç ôçò ìç÷áíéêÞò åíÝñãåéáò ìåôáîý ôçò
áñ÷éêÞò êáé ôçò ôåëéêÞò èÝóçò ôïõ óùìÜôéïõ âñßóêïõìå:
U1 + Ê1 = U2 + Ê2  Þ

�
PP

?
�
PP

?
�� � �

�P

�?
� � � �� � � � ��

�

�

�
�� ���

�

"

Â. Ôï óùìÜôéï áðïêôÜ ìÝãéóôç ôá÷ýôçôá óôï Üðåéñï üðïõ ÓF = 0.
¸ôóé âñßóêïõìå:

: � : � � �
P

?
�� �

�
�P

�?
� � � �

� � � �

�
�

�

� �
�
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 � �	�

� � � � � �

� �

��?

��? ��? "

17. Ìüëéò ôá óùìÜôéá áëëçëåðéäñÜóïõí, ôï ðñþôï áñ÷ßæåé íá
åðéâñáäýíåôáé, åíþ ôï áñ÷éêÜ áêßíçôï íá åðéôá÷ýíåôáé. Ç ìåôáîý
ôïõò áðüóôáóç ãßíåôáé åëÜ÷éóôç ôç óôéãìÞ ðïõ áðïêôïýí ôçí ßäéá
ôá÷ýôçôá õ. ¸ôóé áðü ôç äéáôÞñçóç ôçò ìç÷áíéêÞò åíÝñãåéáò Ý÷ïõìå:

�

�
�

�

�

�

��
� � �

�

�� �� �� �
P

?
-� � � �

�V�

2 3

ÅðåéäÞ üìùò ôï óýóôçìá ôùí äýï óùìáôßùí åßíáé ìïíùìÝíï, èá
éó÷ýåé ç áñ÷Þ äéáôÞñçóçò ôçò ïñìÞò. ÄçëáäÞ:

mõ0 + 0 = mõ + mõ      (â)
Áðü ôï óýóôçìá ôùí åîéóþóåùí (á) êáé (â) âñßóêïõìå:

?
�P

��
@-A �

�
�V� � �

�

�

�

�
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�

18. Áí ôï óùìÜôéï åßíáé áñíçôéêü, èá êéíçèåß ðñïò ôï óçìåßï Â
ìå áðïôÝëåóìá ç óõíéóôáìÝíç äýíáìç óõíå÷þò íá ìåãáëþíåé. Áõôü
óçìáßíåé üôé ç ôá÷ýôçôá ôïõ äåí åßíáé äõíáôüí íá ìçäåíéóôåß ìåôá-
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îý ôùí óçìåßùí Á êáé Â. ÐñÝðåé ëïéðüí ôï óùìÜôéï íá Ý÷åé öïñôßï
èåôéêü. Áí ç ôá÷ýôçôá ìçäåíéóôåß óôéãìéáßá óôï óçìåßï Ó Ý÷ïõìå:

0 + (VM - VÓ) Q = 0  Þ  VM = VÓ  Þ

�
P

'�
�

P

��
�

P

'� �W
�

P

�� �W
� �

�
�

�

� �

Áðü ôçí ðáñáðÜíù ó÷Ýóç ãñßóêïõìå ôåëéêÜ ÌÓ = 1,5cm.

19. A. Áðü ôçí éóïññïðßá ôïõ óùìÜôéïõ Ý÷ïõìå:

�� �
6 P

?
� ? �� �

�
��


Â. Áðü ôï èåþñçìá ìåôáâïëÞò ôçò êéíçôéêÞò åíÝñãåéáò Ý÷ïõìå:

0 + (VÃ - VÓ)q - mg(ÃÓ) = 0  Þ  �
6
?

�
6

?
FW

P �� FW

� �
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�

�

�
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� � �

áðü ôçí ïðïßá âñßóêïõìå ôåëéêÜ ÏÓ = 0,2m.
Ç ôá÷ýôçôá ôïõ óùìáôßïõ ãßíåôáé ìÝ-
ãéóôç óôï óçìåßï Á, üðïõ ÓF = 0. ¸ôóé
âñßóêïõìå:
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20. Áñ÷éêÜ ðñïóäéïñßæïõìå ôï óçìåßï Ó, ãéá ôï ïðïßï éó÷ýåé:

EA = EB  Þ  �
P

?
�

P

� ?

�

 
� �
�

�� �
 áðü ôçí ïðïßá âñßóêïõìå

ôåëéêÜ üôé x = 4R.
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Ãéá ôçí áðáéôïýìåíç åíÝñãåéá W âñßóêïõìå:

8 8 �
P
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8 �
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21. Á. Áñ÷éêÜ õðïëïãßæïõìå ôçí áðüóôáóç ÁÌ (ýøïò ôïõ ôñéãþ-
íïõ)

'� -
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� (X
-

� � �
�

�

� �


Ãéá ôçí Ýíôáóç óôï óçìåßï Ì Ý÷ïõìå: 
� � � �
S S S SX ' � F� � �

êáé åðåéäÞ ôá äéíýóìáôá 
�
S�  êáé 

�
SF åßíáé áíôßèåôá âñß-

óêïõìå:

S S �
P
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�

P

P
� Q

�P

-
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Ôï äõíáìéêü óôï óçìåßï Ì åßíáé:

� � � � �
P

-
�

P
-

�
P
-
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Â. Ãéá ôç æçôïýìåíç åíÝñãåéá W ðïõ åßíáé ßóç ìå ôï Ýñãï WF
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ôçò äýíáìçò F ðïõ áóêïýìå âñßóêïõìå:

0 + WF + WFçë = 0  Þ  WF = -WFçë = � � P� � ��� �� �   Þ

WF = 5,15
�P

-

�

22. A. Áí C ç áñ÷éêÞ ÷ùñçôéêüôçôá ôïõ ðõêíùôÞ åßíáé:

=
>

� ��
�
  êáé  8

6

=
= �� �

�

�

�

�

�
�

Ìå ôçí åëÜôôùóç ôçò áðüóôáóçò ôùí ïðëéóìþí ç ÷ùñç-
ôéêüôçôá áõîÜíåé êáé ãßíåôáé:

=
>

=� � ���
� ��

�

 �

Áõôü óôçí ðåñßðôùóç ðïõ ï ðõêíùôÞò åßíáé åëåýèåñïò
áöÞíåé ôï öïñôßï ôïõ óôáèåñü êáé Ýôóé üðùò ðñïêýðôåé

áðü ôç ó÷Ýóç 8
6

=
�
�

�

�

 ç åíÝñãåéÜ ôïõ åëáôôþíåôáé êáé

ãßíåôáé 8
8

� �
�

ÄçëáäÞ Ý÷ïõìå åëÜôôùóç 75%.

Â. Óôçí ðåñßðôùóç ðïõ ï ðõêíùôÞò åßíáé óõíäåäåìÝíïò ìå ôçí
ðçãÞ ç ôÜóç ðáñáìÝíåé óôáèåñÞ êáé Ýôóé óýìöùíá ìå ôç

ó÷Ýóç 8 =��
�

�
�  ç åíÝñãåéá ôïõ áõîÜíåôáé êáé ãßíåôáé W´ = 4W,

äçëáäÞ Ý÷ïõìå áýîçóç êáôÜ 300%.

23. Á. Áðü ôçí ôéìÞ ôçò äéçëåêôñéêÞò áíôï÷Þò âñßóêïõìå:

Q
�

�
�

Q
7� � 7�� � � �

�
� �

��

 ��

�

��
B. Ç ÷ùñçôéêüôçôá ôïõ ðõêíùôÞ åßíáé:

=
> �

� �
=

� � �� � � �
� �

� �

�

�� �

�C

C  êáé ìå áíôéêáôÜóôáóç

R = 7cm.

24. Áñ÷éêÜ ç ÷ùñçôéêüôçôá ôïõ ðõêíùôÞ åßíáé =
>

� ��
�
 åíþ

Çëåêôñéêü ðåäßï



180

ìåôÜ ãßíåôáé =
>

� � � ��
�
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ÁëëÜ C = C´  Þ  � � �
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�> >

�
� � � �
�

�
�

�
  Þ

� ��
�
� �

�

�

��

� �
� �







�

25. Á. Ôï óùìÜôéï á Ý÷åé öïñôßï q = + 2e.
¸ôóé ç êéíçôéêÞ åíÝñãåéá ðïõ áðïêôÜ åßíáé
Êá = WFçë = qV = 2e.V  Þ  Êá = 2.1,6.10-19.5.105Joule  Þ
Êá = 16.10-14Joule.

Â. Ãéá ôçí êéíçôéêÞ åíÝñãåéá ôïõ ðñùôïíßïõ Ý÷ïõìå:
Êð = WFçë = qV = eV  Þ  Êð = 1,6.10-19.5.105Joule  Þ
Êð = 8.10-14Joule.
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26. Á. Áðü ôï èåþñçìá ìåôáâïëÞò ôçò êéíçôéêÞò åíÝñãåéáò Ý÷ïõìå:

�

�

�

�
�
� ��� 8 ��R4, F� �  äçëáäÞ ç êéíçôéêÞ åíÝñãåéá áõîÞ-

èçêå êáôÜ ÄÊ = WFçë  Þ  ÄÊ = F.d  Þ  ÄÊ = Å q d.
B. ÅðåéäÞ ç êßíçóç ãßíåôáé óôï óõíôçñçôéêü çëåêôñéêü ðåäßï, ç

ìç÷áíéêÞ åíÝñãåéá ôïõ óùìÜôéïõ ðáñáìÝíåé óôáèåñÞ ìå áðï-
ôÝëåóìá ç äõíáìéêÞ åíÝñãåéá íá åëáôôþíåôáé, üóï áêñéâþò
áõîÜíåôáé ç êéíçôéêÞ, äçëáäÞ êáôÜ Å q d.

Ã. Áðü ôç ó÷Ýóç Y -��
�

�
� , âñßóêïõìå:

�
Y

-

Y
QP
�

� �
�Y

QP
� � �

� � �

Áðü ôï íüìï ôïõ Íåýôùíá 
�

�

R
)�

)�
�  ðñïêýðôåé üôé ç ìåôáâïëÞ

ôçò ïñìÞò )Z
�
 åßíáé äéÜíõóìá ìå öïñÜ ðñïò ôá ðÜíù, üðùò

êáé ç äýíáìç, ðïõ ôï ìÝôñï ôçò åßíáé:
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)� R )� QP
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27. A. Ãéá ôçí êáôáêüñõöç áðüêëéóç y Ý÷ïõìå:
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ÁëëÜ d = õ0
.t  Þ  �

Y

�
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�

, ïðüôå ìå áíôéêáôÜóôáóç óôç

ó÷Ýóç (á) âñßóêïõìå: [
QPY
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Â. Ãéá ôç ãùíßá è ðïõ ó÷çìáôßæåé ç ôá÷ýôçôá õÃ ìå ôçí ïñéæü-
íôéá äéåýèõíóç âñßóêïõìå:
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Ã. Åßíáé ÄÊ = Êôåë - Êáñ÷ = WFçë  Þ  ÄÊ = Åqy  Þ  )�
S P Y
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� � �
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Ä. Áðü ôï èåþñçìá ìåôáâïëÞò ôçò êéíçôéêÞò åíÝñãåéáò Ý÷ïõìå:
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28. A. Áðü ôï èåþñçìá ìåôáâïëÞò ôçò êéíçôéêÞò åíÝñãåéáò ìåôá-
îý ôùí óçìåßùí Á êáé Ã âñßóêïõìå:

P� �� � �
P�

�
F F� �

�

�

�� "

ÄçëáäÞ ìåãáëýôåñç ôá÷ýôçôá óôï óçìåßï Ã Ý÷åé ôï óù-
ìÜôéï ìå ìåãáëýôåñï ëüãï q/m.

B. Ãéá ôçí êáôáêüñõöç áðüêëéóç y Ý÷ïõìå:
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R
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Y
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SP
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Y �
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QY
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ÄçëáäÞ êáé ôá äýï óùìÜôéá ðáñïõóéÜæïõí ôçí ßäéá áðüêëéóç.
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ÊåöÜëáéï 2.2

1. Ïé äýï åíôÜóåéò óôï óçìåßï Ì Ý÷ïõí áíôßèåôç êáôåýèõíóç.
¸ôóé éó÷ýåé:

E
N \

-

N \

-
� �

N \

-
� � �
�

� �



�
� � �

C C C
"

2. Ïé åíôÜóåéò óôï óçìåßï Ï, ðïõ ïöåßëïíôáé óôá ñåýìáôá Ýíôá-
óçò É, åßíáé áíôßèåôåò. ¸ôóé ãéá íá åßíáé ç Ýíôáóç óôï óçìåßï áõôü
ìçäÝí, ðñÝðåé ôï ñåýìá óôï óçìåßï Ë íá äçìéïõñãåß Ýíôáóç åðßóçò
áíôßèåôç áõôÞò ðïõ äçìéïõñãåß ôï ñåýìá óôï óçìåßï Í. Áõôü óç-
ìáßíåé üôé ôï ñåýìá óôï óçìåßï Ë åßíáé ßäéáò êáôåýèõíóçò êáé ôéìÞò
ìå áõôü óôï óçìåßï Í.

3. Ç Ýíôáóç ôïõ ðåäßïõ ðïõ äçìéïõñãåß ï ñåõìáôïöüñïò áãùãüò
ðñÝðåé íá åßíáé áíôßèåôç ôçò Ýíôáóçò ôïõ ïìïãåíïýò ìáãíçôéêïý
ðåäßïõ. ÄçëáäÞ íá Ý÷åé ôéìÞ Â´ ôÝôïéá þóôå

Â´ = Â  Þ  
N \

�
� �

�
� � 7��

� �
�

�

� �� ��

�
� �� �

C

C

C
"�

� �
� � �

�
�

Áõôü óçìáßíåé üôé ôá æçôïýìåíá óçìåßá ðñÝðåé íá âñßóêïíôáé óå
åõèåßá ðáñÜëëçëç ìå ôïí áãùãü áðü ôïí ïðïßï áðÝ÷åé áðüóôáóç
R = 5cm. Ç åõèåßá áõôÞ âñßóêåôáé óå åðßðåäï ðïõ ðåñéÝ÷åé ôïí
áãùãü êáé óôï ïðïßï ç Ýíôáóç Â åßíáé êÜèåôç.

4. Ïé åíôÜóåéò � @-A E� �  óôï óçìåßï Á Ý÷ïõí áíôßèåôç êáôåý-

èõíóç. Ç Ýíôáóç E�  åßíáé êÜèåôç óôï åðßðåäï ôçò óåëßäáò ìå öïñÜ

ðñïò ôá êÜôù êáé ôéìÞ

E
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Ç Ýíôáóç E�  Ý÷åé ôéìÞ:

E
N \
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¸ôóé ç Ýíôáóç (óõíéóôáìÝíç) óôï óçìåßï Á Ý÷åé ôçí êáôåýèõíóç
ôçò ìåãáëýôåñçò, äçëáäÞ ôçò Â1 êáé ôéìÞ:

B = B1 - B2  Þ  Â = 3.10-5Ô.
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5. Áðü ôç ó÷Ýóç E &
N \

/
�

�

�
 âñßóêïõìå:

\
E/

N �
' � ] '� �

� � � �
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C
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6. Ôá ìÞêç � �@-A �  ôùí äýï áãùãþí åßíáé áíôßóôïé÷á:

� �� � � � �� � � �C C C/ @-A / /
¸ôóé ãéá ôéò áíôéóôÜóåéò ôïõò Ý÷ïõìå:
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/

>
@-A � �

/

>
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ÈÝëïõìå íá éó÷ýåé:
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7. Ç ôñï÷éÜ ôïõ çëåêôñéêïý öïñôßïõ éóïäõíáìåß ìå êõêëéêü áãù-

ãü ï ïðïßïò äéáññÝåôáé áðü ñåýìá Ýíôáóçò ]
6

�

P

�
P H� � � .

¸ôóé ãéá ôç æçôïýìåíç Ýíôáóç Â Ý÷ïõìå:

E
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8. Ïé äýï åíôÜóåéò óôï êÝíôñï Á Ý÷ïõí áíôßèåôç êáôåýèõíóç
(åßíáé êÜèåôåò óôï åðßðåäï ôçò óåëßäáò).

Ãéá ôçí ôéìÞ êÜèå ìéáò Ý÷ïõìå:

E
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¸ôóé ç Ýíôáóç óôï Á åßíáé êÜèåôç óôï åðßðåäï ôçò óåëßäáò ìå
öïñÜ ðñïò ôá êÜôù êáé ìÝôñï:

� � � � � E �� � � �
�
�
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9. Ãéá íá éóïññïðåß ï áãùãüò ðñÝðåé ç äýíáìç FL áðü ôï ìáãíç-
ôéêü ðåäßï íá åßíáé áíôßèåôç ôïõ âÜñïõò ôïõ. Áõôü áðáéôåß ôï

ìáãíçôéêü ðåäßï íá åßíáé êÜèåôï óôï åðßðå-
äï ðïõ ïñßæåé ï áãùãüò ìå ôç äéåýèõíóç ôïõ
âÜñïõò mg.

¸ôóé âñßóêïõìå:
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10. Ï áãùãüò ìðïñåß íá åðéôá÷ýíåôáé ðñïò ôá ðÜíù Þ ðñïò ôá
êÜôù. ¸ôóé ãéá êÜèå ðåñßðôùóç âñßóêïõìå:
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11. Á. Ãéá íá åßíáé ôá åëáôÞñéá óôï öõóéêü ôïõò ìÞêïò ðñÝðåé
íá éó÷ýåé:
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Â. Óôçí ðåñßðôùóç ðïõ ôá åëáôÞñéá åßíáé åðéìçêõìÝíá âñßóêïõìå:
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ÄçëáäÞ ôï ñåýìá Ý÷åé áíôßèåôç öïñÜ, êÜôé ðïõ ôï áíáìÝíáìå
áöïý ç FL ðñÝðåé ôþñá íá Ý÷åé öïñÜ ðñïò ôá êÜôù.

12. Ìå ôï êëåßóéìï ôïõ äéáêüðôç ôï ðëáßóéï äéáññÝåôáé áðü
ñåýìá Ýíôáóçò É ãéá ôçí ïðïßá âñßóêïõìå:
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� /
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Ôï ñåýìá äçìéïõñãåß äõíÜìåéò Laplace óôéò êáôáêüñõöåò ðëåõ-
ñÝò â ôïõ ðëáéóßïõ, ðïõ âñßóêïíôáé ìÝóá óôï ìáãíçôéêü ðåäßï, ïé
ïðïßåò üìùò Ý÷ïõí óõíéóôáìÝíç ìçäÝí. ¸ôóé ìüíï ç äýíáìç Laplace
ðïõ áóêåßôáé óôçí åíôüò ôïõ ðåäßïõ ïñéæüíôéá ðëåõñÜ á, êáé ç
ïðïßá Ý÷åé öïñÜ ðñïò ôá ðÜíù åßíáé áõôÞ ðïõ êáôáóôñÝöåé ôçí
éóïññïðßá ôïõ ðëáéóßïõ. Ãéá ôçí áðïêáôÜóôáóç ôçò éóïññïðßáò
áðáéôïýíôáé åðéðëÝïí óôáèìÜ Ýôóé þóôå:
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13. Óôï Á ïé äýï åíôÜóåéò ðïõ ïöåßëïíôáé óôïõò ñåõìáôïöüñïõò
áãùãïýò Â êáé Ã, ó÷çìáôßæïõí ãùíßá è = 60° êáé Ý÷ïõí ôçí ßäéá
ôéìÞ ç ïðïßá åßíáé:

E E E
N \

-
E F� � �

�

�C

¸ôóé ç óõíéóôáìÝíç Ýíôáóç óôï óçìåßï Á åßíáé:

E E E E EB�;M � E E0, 0,� � � �
� � � "

Ç æçôïýìåíç ëïéðüí äýíáìç ðïõ áóêåßôáé óôïí áãùãü ìÞêïõò �
åßíáé:
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14. Ç Ýíôáóç ôïõ ìáãíçôéêïý ðåäßïõ åßíáé êÜèåôç óôçí ôá÷ýôç-
ôá ôïõ çëåêôñïíßïõ êáé Ý÷åé ôéìÞ Â ãéá ôçí ïðïßá âñßóêïõìå:
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¸ôóé ôï çëåêôñüíéï äÝ÷åôáé äýíáìç ãéá ôçí ïðïßá âñßóêïõìå:
F = B qõ = 8.10-5.1,6.10-19.108Í  Þ  F = 12,8.10-16N.

15. Ãéá ôéò äýï äõíÜìåéò ðïõ äÝ÷åôáé ôï öïñôéóìÝíï óùìÜôéï Ý÷ïõìå:
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16. Ç ôá÷ýôçôá õ ôïõ óùìáôßïõ ôç óôéãìÞ ðïõ ìðáßíåé óôï
ìáãíçôéêü ðåäßï õðïëïãßæåôáé áðü ôï èåþñçìá ìåôáâïëÞò ôçò êéíç-
ôéêÞò åíÝñãåéáò:

P� ���
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�
� (á)

Ãéá ôçí áêôßíá ôïõ çìéêõêëßïõ Ý÷ïõìå:
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EP
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êáé ìå áíôéêáôÜóôáóç óôçí (á) âñßóêïõìå:
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17. Ãéá íá ìçí åêôñáðåß ç äÝóìç ôùí çëåêôñïíßùí ðñÝðåé ç
çëåêôñéêÞ êáé ç ìáãíçôéêÞ äýíáìç, ïé ïðïßåò Ý÷ïõí áíôßèåôç êá-
ôåýèõíóç íá Ý÷ïõí êáé ßäéá ôéìÞ. ÄçëáäÞ:
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18. Á. Áõôü óçìáßíåé üôé ôï çëåêôñüíéï äéáãñÜöåé çìéêýêëéï
äéáìÝôñïõ á. ÄçëáäÞ:

�
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� � �
�
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Â. Ïé äõíÜìåéò Laplace (êåíôñïìüëïò) óôá óçìåßá Á êáé Ä ôÝ-
ìíïíôáé óôï óçìåßï Ê ðïõ åßíáé ôï êÝíôñï ôçò êõêëéêÞò ôñï-
÷éÜò ôçí ïðïßá äéáãñÜöåé ôï çëåêôñüíéï êáèþò êéíåßôáé óôï
ìáãíçôéêü ðåäßï. ¸ôóé Ý÷ïõìå:

� '� - �_
��

� P
� � � �

�
(á)
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ÁëëÜ �_ � - - �` -�` - � �`
-� � � � � �� � �


�
� � � � � � � (â)

Áðü ôéò ó÷Ýóåéò (á) êáé (â) âñßóêïõìå:
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19. Ãéá íá êéíçèåß ôï óùìÜôéï ïñéæüíôéá, äçëáäÞ êáôÜ ôçí êá-
ôåýèõíóç ôçò áñ÷éêÞò ôïõ ôá÷ýôçôáò ðñÝðåé ç ìáãíçôéêÞ äýíáìç íá
åßíáé áíôßèåôç ìå ôï âÜñïò ôïõ.

Áõôü ðñïõðïèÝôåé üôé ç Ýíôáóç èá Ý÷åé ôçí
êáôåýèõíóç ðïõ öáßíåôáé óôçí åéêüíá êáé åðé-
ðëÝïí èá éó÷ýåé:
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ÊåöÜëáéï 2.3

1. Óôïí áãùãü åìöáíßæåôáé ååð ãéá ôçí ïðïßá åßíáé:

+ + ++ + +E� E
�

�
� ���� � ����C C C "� � � � �� � � �

��

�
��

2. Ç ñÜâäïò ðåñéóôñÝöåôáé ìå ðåñßïäï Ô = 1s. Óôá çëåêôñüíéá ðïõ
âñßóêïíôáé óôï Üêñï ôçò áóêåßôáé äýíáìç FL ãéá ôçí ïðïßá éó÷ýåé:
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3. Á. Ïé äõíÜìåéò Laplace óôá åëåýèåñá çëåêôñüíéá ôïõ áãùãïý
ôá ìåôáêéíïýí ðñïò ôï Ýíá ôïõ Üêñï. Áõôü óçìáßíåé äç-
ìéïõñãßá äéáöïñÜò äõíáìéêïý ìåôáîý ôùí Üêñùí ôïõ ìå
ôáõôü÷ñïíç åìöÜíéóç çëåêôñéêïý ðåäßïõ ôï ïðïßï áóêåß
áíôßèåôçò êáôåýèõíóçò çëåêôñéêÝò äõíÜìåéò. ¼ôáí ïé ìá-
ãíçôéêÝò êáé ïé çëåêôñéêÝò äõíÜìåéò ãßíïõí áíôßèåôåò ç
ôÜóç óôáèåñïðïéåßôáé, äçëáäÞ Ý÷ïõìå ôç äçìéïõñãßá ôçò
ôÜóçò áðü åðáãùãÞ óôï Üêñï ôïõ áãùãïý.

  Â. Ç ôéìÞ ôçò ôÜóçò áðü åðáãùãÞ åßíáé:

+ ++ +
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4. Á. Ìåôáîý ôïõ óçìåßïõ Ï êáé ôùí Üêñùí Á êáé Ã ôïõ áãù-
ãïý, äçìéïõñãïýíôáé ïé ôÜóåéò áðü åðáãùãÞ å1 êáé å2

áíôßóôïé÷á, üðùò öáßíåôáé óôçí åéêüíá.
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Ãéá ôçí ôéìÞ êÜèå ìéáò áðü ôéò ôÜóåéò áõôÝò âñßóêïõìå:
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Â. ¸÷ïõìå üôé: å1 = V0 - VÁ  êáé
å 2 = V0 - VÃ

Áí áöáéñÝóïõìå êáôÜ ìÝëç ôéò ðáñáðÜíù ó÷Ýóåéò Ý÷ïõìå:
å2 - å1 = V0 - VÃ - V0 + VA  Þ
VA - VÃ = å2 - å1  Þ
VA - VÃ = 2,36Volt

5. Ãéá ðåñéóôñïöÞ ôïõ áãùãïý êáôÜ 60° Ý÷ïõìå:
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Ãéá ðåñéóôñïöÞ 120° âñßóêïõìå:
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Ãéá ðåñéóôñïöÞ êáôÜ 180° âñßóêïõìå:
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6. Ëüãù ôçò ðåñéóôñïöÞò ôïõ ðëáéóßïõ äçìéïõñãåßôáé ôÜóç áðü
åðáãùãÞ ìå áðïôÝëåóìá ôçí êõêëïöïñßá çëåêôñéêïý ñåýìáôïò áðü
åðáãùãÞ óôï êëåéóôü ðëáßóéï. ¸ôóé ôï æçôïýìåíï çëåêôñéêü öïñôßï
åßíáé:

6 ] )�
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7. Óôïí áãùãü äçìéïõñãïýíôáé ïé ôÜóåéò áðü åðáãùãÞ å1 êáé å2

ãéá ôéò ïðïßåò âñßóêïõìå üôé Ý÷ïõí ôéìÞ:
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+
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Ãéá ôç äéáöïñÜ äõíáìéêïý VÁÃ Ý÷ïõìå:

� E ? H E H ? ? �

� E H ?

(F

(F

+ +� � � � � �

� �

� �
� � � �

�

C C

C "

� �

� �

� �
� �

Ôï æçôïýìåíï äéÜãñáììá öáßíåôáé óôçí åéêüíá.
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8. Á. Ãéá ôçí ôéìÞ ôçò ååð Ý÷ïõìå:

++
)T

)�

E)>

)�C � � , üðïõ ÄS ôï åìâáäüí ðïõ äéáãñÜöåé ç

ñÜâäïò óå ÷ñüíï Ät. Ãéá ðáñÜäåéãìá óå ÷ñüíï Ät = T ôï

åìâáäüí åßíáé )> �C "�
�  ¸ôóé âñßóêïõìå:

+ ++ +
E

�
E H ���� � ����C C

C
C C

C
"� � � �

�
�

�
� � �

�
��

Â. Ãéá ôç æçôïýìåíç äéáöïñÜ äõíáìéêïý VAO Ý÷ïõìå:
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Ã. ÅðåéäÞ ç ñÜâäïò óôñÝöåôáé ìå óôáèåñÞ ôá÷ýôçôá ÷ùñßò ôñé-
âÝò, ðñÝðåé ç ðñïóöåñüìåíç éó÷ýò íá åìöáíßæåôáé üëç ùò
çëåêôñéêÞ éó÷ýò. ÄçëáäÞ:

� J \
� �

�

J 8��� � J 8���

� 4, + + +
+

� �

+ + +
C C C C

C

C C "
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9. Á. Ìå ôçí åðßäñáóç ôùí äõíÜìåùí F êáé Ô ï áãùãüò îåêéíÜåé
åðéôá÷õíüìåíïò. Áõôü ðñïêáëåß ôçí åìöÜíéóç äõíÜìåùí Laplace
óôá çëåêôñüíéÜ ôïõ êáé ôåëéêÜ ôçí åìöÜíéóç ååð, Éåð êáé
FL üðùò öáßíåôáé óôçí åéêüíá.
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Â. Ôï WF åêöñÜæåé ôçí åíÝñãåéá ðïõ ðñïóöÝñåôáé óôï êýêëùìá.
Ôï WFL

 åêöñÜæåé åêåßíç áðü ôçí ðñïóöåñüìåíç åíÝñãåéá ðïõ
ìåôáôñÝðåôáé óå çëåêôñéêÞ êáé ôåëéêÜ óå èåñìüôçôá ðÜíù
óôçí áíôßóôáóç. ÔÝëïò ôï WÔ åêöñÜæåé åêåßíç áðü ôçí ðñï-
óöåñüìåíç åíÝñãåéá ç ïðïßá ìåôáôñÝðåôáé êáôåõèåßáí óå èåñ-
ìüôçôá ëüãù ôçò ïëßóèçóçò ôïõ áãùãïý.

Ã. Ç ôá÷ýôçôá ôïõ áãùãïý ãßíåôáé ìÝãéóôç Þ ïñéáêÞ üôáí áõîá-
íüìåíç ç FL éêáíïðïéÞóåé ôç ó÷Ýóç:
ÓF = 0  Þ  F = T + FL  Þ

R � �] � R � �
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10. Á. Óôïí êéíïýìåíï áãùãü áóêïýíôáé ïé äõíÜìåéò F êáé FL. Ç
äýíáìç FL óýìöùíá ìå ôï íüìï ôïõ Lentz Ý÷åé áíôßèåôç
êáôåýèõíóç êáé ç ôéìÞ ôçò åßíáé:
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ÅðåéäÞ ï áãùãüò êéíåßôáé ìå óôáèåñÞ ôá÷ýôçôá èá åßíáé
ÓF = 0. Áõôü óçìáßíåé ðùò õðÜñ÷åé ôñéâÞ Ô, Ýôóé þóôå
íá éó÷ýåé:
F = FL + T  Þ  Ô = (2 - 1,5)Í  Þ  Ô = 0,5Í.

Â. Ç ðñïóöåñüìåíç åíÝñãåéá åêöñÜæåôáé áðü ôï Ýñãï ôçò äýíá-
ìçò F. ÄçëáäÞ:
Åðñ = WF = Fx = Fõt = 2.6.2Joule Þ Åðñ = 24Joule.
Áðü ôçí ðñïóöåñüìåíç åíÝñãåéá, èåñìüôçôá óôçí áíôßóôáóç
R ãßíåôáé ç ðïóüôçôá:
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 d e
Áðü ôá 24Joule ãßíïíôáé èåñìüôçôá ôá 14,4Joule
Áðü ôá 100Joule ãßíïíôáé èåñìüôçôá ôá x;

x = 60%
Ã. Ôï æçôïýìåíï öïñôßï åßíáé:
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11. Á. Ï áãùãüò ÁÃ äéáññÝåôáé áðü ñåýìá Ýíôáóçò Éåð üðùò
öáßíåôáé óôçí åéêüíá.

¸ôóé âñßóêïõìå:
VÁÃ = -I RAK - I RÌÃ  Þ
VÁÃ = -I (RAK + RÌÃ)  Þ

�
E�

� � � �
� � �(F � �

�

�

�
�

f
f� � , üðïõ R* = 0,5Ù/m.

¸ôóé
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Â. Ç æçôïýìåíç èåñìüôçôá åßíáé ßóç ìå ôï Ýñãï ôçò FL. ¸ôóé
âñßóêïõìå:
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12. Á. Ï áãùãüò áðïêôÜ ïñéáêÞ ôá÷ýôçôá üôáí
ÓF = 0  Þ
F = T + FL  Þ
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Â. Ãéá ôï æçôïýìåíï öïñôßï q âñßóêïõìå ôçí ôéìÞ:
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Ç æçôïýìåíç èåñìüôçôá åßíáé ßóç ìå ôï Ýñãï ôçò FL. ¸ôóé
áðü ôï èåþñçìá ìåôáâïëÞò ôçò êéíçôéêÞò åíÝñãåéáò Ý÷ïõìå:
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13. Á. Ãéá ôçí ïñéáêÞ ôá÷ýôçôá âñßóêïõìå:
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Â. Ôç óôéãìÞ ðïõ ãßíåôáé õ = õïñ ç Ýíôáóç ôïõ ñåýìáôïò åßíáé:

]
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��
�

Ï æçôïýìåíïò ñõèìüò 
)T

)�
 åßíáé ç éó÷ýò ÑR óå êÜèå áíôßóôáóç.
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¸ôóé âñßóêïõìå:
PR1

= I2R1 = 102.0,05Watt  Þ  PR1
= 5Watt  êáé

PR2
= I2R2 = 102.0,15Watt  Þ  PR2

= 15Watt
Ã. Ç óõíïëéêÜ ðáñáãüìåíç èåñìüôçôá åßíáé ßóç ìå ôï Ýñãï ôçò

FL êáé õðïëïãßæåôáé áðü ôï èåþñçìá ìåôáâïëÞò ôçò êéíçôéêÞò
åíÝñãåéáò:
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8 8 �� �

8 6 ��g �� � 6 #�$�%

� R 0�

R 0, 0� 0,

^
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Ç ðáñáãüìåíç óå êÜèå áíôßóôáóç èåñìüôçôá åßíáé áíÜëïãç
ôçò ôéìÞò ôçò. ¸ôóé âñßóêïõìå:
Óôçí (R1 + R2) ðáñÜãåôáé èåñìüôçôá 18Joule
Óôçí R1 Q1

6
�

� �
� 6 #�$�%�
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ÊáôÜ óõíÝðåéá ãéá ôç èåñìüôçôá Q2 Ý÷ïõìå:
Q2 = Qïë - Q1  Þ  Q2 = 13,5Joule

14. Á. Ìðïñïýìå íá õðïëïãßóïõìå ôï æçôïýìåíï çëåêôñéêü öïñ-
ôßï ãñáöéêÜ, åðåéäÞ ç Ýíôáóç É, åßíáé ãñáììéêÞ óõíÜñôç-
óç ôïõ ÷ñüíïõ. ÐñÜãìáôé éó÷ýåé:
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 (1)

ÐáñéóôÜíïõìå ôç ó÷Ýóç (1) ãñáöéêÜ êáé âñßóêïõìå üôé:
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(Íá ðñïóðáèÞóåôå íá âñåßôå ôï æçôïýìåíï öïñôßï ìå Üëëï
ôñüðï).

Â. Áðü ôï äåýôåñï íüìï ôïõ Newton Ý÷ïõìå:
F - mg - FL = má  Þ  F =má + mg + FL  Þ

R �- �� � � � R �� � � � �� � � � � � �
 
 

Ãéá ôç äéáöïñÜ äõíáìéêïý VÁÃ Ý÷ïõìå:
VÁÃ = ÉR = 0,4t.3  Þ  VÁÃ = 1,2t.

Ã. Ï æçôïýìåíïò ñõèìüò ìå ôïí ïðïßï ðñïóöÝñåôáé åíÝñãåéá åß-
íáé ç éó÷ýò ôçò äýíáìçò F. ¸ôóé âñßóêïõìå:
PF = Fõ  Þ  PF = (2,4 + 0,4t) át  Þ  PF = 12,8Watt.
Åðßóçò ï ñõèìüò ìåôáôñïðÞò ôçò åíÝñãåéáò óå èåñìüôçôá Joule,
åßíáé ç éó÷ýò ôïõ ñåýìáôïò P óôçí ïëéêÞ áíôßóôáóç ôïõ êõ-
êëþìáôïò. ¸ôóé âñßóêïõìå:
P = I2Rïë = (0,4t)2 (R + r)  Þ  P = 3,2Watt.

15. ÌåôÜ ôï êëåßóéìï ôïõ äéáêüðôç Ý÷ïõìå ôåëéêÜ ôç äçìéïõñãßá
ååð êáé ñåýìáôïò Ýíôáóçò É üðùò öáßíåôáé óôçí åéêüíá.

Ãéá ôç æçôïýìåíç éó÷ý Ý÷ïõìå:
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 ¸ôóé âñßóêïõìå:

�
E�

� /
8��� � � 8���+ +�

�

�
�

� � �

�
�

�
��

�� � � �

� � � �
��


 

"

S hB4i �
E�

� /
/ �

� ���� � � ����

(F

(F (F

+ \/ + +
C


 


 "

� �
�

�

� �
� � �

�

�
��

�
	
 �

� �

�

��
�� � � �

� � � �
� � !

ÇëåêôñïìáãíçôéêÞ åðáãùãÞ



197

16. Á. Ãéá íá ðáñáìåßíåé ï áãùãüò ÁÃ áêßíçôïò ðñÝðåé
FL = mg  Þ
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Â. Ç äýíáìç Laplace ãßíåôáé ôþñá ìéêñüôåñç êáé ï áãùãüò ÁÃ
êéíåßôáé ðñïò ôá êÜôù. Ìå ôïí ôñüðï áõôü Ý÷ïõìå ôåëéêÜ ôçí
åìöÜíéóç ååð, É êáé FL, üðùò öáßíåôáé óôçí åéêüíá.

Ï áãùãüò áðïêôÜ ïñéáêÞ ôá÷ýôçôá, üôáí
FL = mg  Þ
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Ç æçôïýìåíç äéáöïñÜ äõíáìéêïý åßíáé:
VÁÃ = å1  Þ  VÁÃ = 5Volt.

17. Á. Ìåôá ôï êëåßóéìï ôïõ äéáêüðôç ç êáôÜóôáóç ðïõ äçìéïõ-
ñãåßôáé óôï êýêëùìá öáßíåôáé óôçí åéêüíá.
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Ï áãùãüò áðïêôÜ ïñéáêÞ ôá÷ýôçôá üôáí:
ÓF = 0  Þ  FL = 0  Þ
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Â. Ï áãùãüò áðïêôÜ ðÜëé õïñ, üôáí ÓF = 0, äçëáäÞ
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Ãéá ôç æçôïýìåíç ôÜóç âñßóêïõìå:
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18. Á. Ãéá ïðïéáäÞðïôå èÝóç ôïõ áãùãïý ôï ôñßãùíï ÏÆÇ åßíáé
éóüðëåõñï, äçëáäÞ ÏÆ = ÆÇ = ÏÇ. ¸ôóé ãéá ôçí ôõ÷áßá
èÝóç ôïõ ìåôÜ áðü ÷ñüíï t ç ïëéêÞ áíôßóôáóç åßíáé:
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ÅðåéäÞ ï áãùãüò êéíåßôáé ìå óôáèåñÞ ôá÷ýôçôá åßíáé:

R R �] _5 �

R �]
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Ôá æçôïýìåíá äéáãñÜììáôá åßíáé:

Â. Ç æçôïýìåíç þèçóç ôçò äýíáìçò åßíáé ßóç ìå ôï áíôßóôïé÷ï
åìâáäüí. ÄçëáäÞ:

l � � � l & �� � �
�

�
� � � "
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19. Ãéá üóï ÷ñüíï äéáñêåß ç åßóïäïò ôïõ ðëáéóßïõ (0 Ýùò 0,04s)
Ý÷ïõìå:
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Ãéá ôï ÷ñüíï 0,045 Ýùò 0,12s, ðïõ ôï ðëáßóéï êéíåßôáé ïëüêëçñï
ìÝóá óôï ðåäßï âñßóêïõìå:
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ÔÝëïò áðü 0,12s Ýùò 0,16s ðïõ äéáñêåß ç Ýîïäïò ôïõ ðëáéóßïõ
Ý÷ïõìå:
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Ãéá ôá æçôïýìåíá äéáãñÜììáôá Ý÷ïõìå:

20. ÌåôÜ ôçí åßóïäï ôïõ ðëáéóßïõ óôï ðåäßï, ç ôÜóç áðü åðá-
ãùãÞ êáé êáôÜ óõíÝðåéá ôï ñåýìá êáé ç äýíáìç Laplace ìçäåíßæï-
íôáé. ÄçëáäÞ óôï ðëáßóéï ðñÝðåé íá áóêïýìå äýíáìç F áíôßèåôç ìå
ôçí FL, ìüíï ãéá üóï ÷ñüíï äéáñêåß ç åßóïäïò, þóôå íá äéáôçñïýìå
ôç óôáèåñÞ ôá÷ýôçôá.

Á. Ç æçôïýìåíç åíÝñãåéá åßíáé ßóç ìå ôï Ýñãï ôçò äýíáìçò F Þ
ôçò FL, Þ ßóç ìå ôçí çëåêôñéêÞ åíÝñãåéá ðïõ åìöáíßæåôáé óôï
êýêëùìá. ÄçëáäÞ:
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Â. Ãéá ôï öïñôßï âñßóêïõìå:
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21. Á. Ãéá ôï ÷ñïíéêü äéÜóôçìá ðïõ äéáñêåß ç åßóïäïò ôïõ ðëáé-
óßïõ  Ý÷ïõìå:
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Ãéá ôï ÷ñïíéêü äéÜóôçìá ðïõ ôï ðëáßóéï âñßóêåôáé ìÝóá

óôï ðåäßï 
-

�
�

-

�
� �

�
�

�
	

�

  Ý÷ïõìå äýï ßóåò ôÜóåéò áðü åðáãùãÞ

üðùò öáßíåôáé óôçí åéêüíá.

Áõôü óçìáßíåé üôé åßíáé åïë = 0 êáé êáôÜ óõíÝðåéá êáé
É = 0. ¼ìùò ãéá ôç æçôïýìåíç VÁÃ Ý÷ïõìå üôé:
VÁÃ = å = Âõá  Þ  VÁÃ = 4Volt.
ÔÝëïò êáôÜ ôçí Ýîïäï ôïõ ðëáéóßïõ åìöáíßæåôáé ôÜóç
áðü åðáãùãÞ å3 óôçí ðëåõñÜ ôïõ, ðïõ âñßóêåôáé åíôüò
ôïõ ðåäßïõ, üðùò öáßíåôáé óôçí åéêüíá.
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Ãéá ôï ñåýìá êáé ôç äéáöïñÜ äõíáìéêïý âñßóêïõìå:
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Â. Ãéá ôá äéáãñÜììáôá Ý÷ïõìå:

22. Á. Ç æçôïýìåíç ìÝóç ÇÅÄ áðü åðáãùãÞ ãéá ðåñéóôñïöÞ
êáôÜ 90°, 180°, 270° êáé 360° áíôßóôïé÷á åßíáé:
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Â. Ãéá ôç ìÝóç ôéìÞ ôïõ öïñôßïõ Ý÷ïõìå:
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23. Á. Ãéá ôï æçôïýìåíï ðëÜôïò ôçò åíáëëáóóüìåíçò ôÜóçò âñß-
óêïõìå:
å0 = ÍùÂS = Í2ðfBS = 200.2ð60.0,5.5.6.10-4Volt  Þ
å0 = 113Volt

Â. Ç åîßóùóç ôçò åíáëëáóóüìåíçò ôÜóçò åßíáé:
å = å0 çìùt  Þ  å = å0 çì2ðft  Þ  å = 113çì120ðt

24. Á. Ãéá ôï ðëÜôïò âñßóêïõìå:
V0 = 1Volt.

Â. Ôï ðëÜôïò ôçò Ýíôáóçò ôïõ ñåýìáôïò åßíáé:

]
�

�
' � ] (�

�
�

�

��
��� � � 
 "

Ã. ÅðåéäÞ óôçí ùìéêÞ áíôßóôáóç ç ôÜóç åßíáé óõìöáóéêÞ ìå ôçí
Ýíôáóç ðñÝðåé üôáí V = V0 íá åßíáé êáé É = É0.

Ä. Ç éó÷ýò äßíåôáé áðü ôç ó÷Ýóç Ñ = V0I0çì
2ùt. ¢ñá åßíáé ìÝãé-

óôç, üôáí çìùt = 1 êáé Ý÷åé ôéìÞ
Pmax = V0I0  Þ  Pmax = 0,1Watt.
Ç ôéìÞ ôçò ãßíåôáé åëÜ÷éóôç êáé ìÜëéóôá
Pmin = 0, üôáí çìùt = 0.

25. Á. Áðü ôç ó÷Ýóç \ m \ 4Na��  âñßóêïõìå üôé:

�
� m \ 4N�� m \� �
�

�
�� ��� \ (� 
 "

¸ôóé Ý÷ïõìå: ]
\

� \ (+; +;� �
�

�
��
 "

Â. Våí = Éåí R  Þ  Våí = 1,4.20Volt  Þ  Våí = 28Volt.

26. Ï ñõèìüò ìå ôïí ïðïßï ðáñÜãåôáé èåñìüôçôá óôçí áíôßóôáóç
R åßíáé ç éó÷ýò ôïõ ñåýìáôïò P, ãéá ôçí ïðïßá éó÷ýåé:

�
�
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(á)

Ç éó÷ýò ãéá ôçí åíáëëáóóüìåíç ôÜóç åßíáé:
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27. Õðïëïãßæïõìå ôï ñåýìá êáíïíéêÞò öùôïâïëßáò êáé ôçí áíôß-
óôáóç ôïõ ëáìðôÞñá:
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Ãéá íá öùôïâïëåß ôï ßäéï ï ëáìðôÞñáò, ðñÝðåé ç åíåñãüò Ýíôá-
óçò íá åßíáé ßóç ìå ôçí Ýíôáóç É ôïõ óõíå÷ïýò ñåýìáôïò. ÄçëáäÞ:

\ \ �
�

�
\ �

�

�
\ � � ]� �

� ���� � � ����

+;
+;

0, 0,
0,� � � �

� � � �

�
�

� �

�
�

�
�


�	 ��� ����� � 
 "

28. Ãéá ôçí ôñïöïäïóßá ôïõ ëáìðôÞñá ìå óõíå÷Þ ôÜóç Ý÷ïõìå:
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Ãéá ôçí ôñïöïäïóßá ìå åíáëëáóóüìåíç âñßóêïõìå:

�
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29. Á. Ç ôéìÞ ôçò áíáðôõóóüìåíçò ÇÅÄ åßíáé:

+ +X
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Â. Áðü ôçí ßäéá åîßóùóç ðïõ äßíåé ôçí ôéìÞ ôçò ÇÅÄ âñßóêïõìå:
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30. Ìå ôç äéáêïðÞ ôïõ ñåýìáôïò óôï ðçíßï Ð1 ìçäåíßæåôáé êáé
ç ìáãíçôéêÞ ñïÞ óôï ðçíßï Ð2.

Áõôü óçìáßíåé ðùò óôï ðçíßï Ð2 åìöáíßæåôáé ÇÅÄ áðü åðáãùãÞ
ãéá ôçí ïðïßá éó÷ýåé:
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ÁëëÜ ãéá ôçí ÇÅÄ ðïõ âñÞêáìå éó÷ýåé:
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31. Á. Ãéá ôï óõíôåëåóôÞ áõôåðáãùãÞò L âñßóêïõìå:
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Â. Áðü ôç ó÷Ýóç + ^
)]
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^
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 âñßóêïõìå:
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Ã. Ç éó÷ýò êáôáíáëþíåôáé óôçí áíôßóôáóç ôïõ ðçíßïõ êáé åßíáé:

P = I2 R = 0,72.10Watt  Þ  P = 4,9Watt.

Ä. 8 ^] #�$�% � 8 #�$�%� � � �
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32. Á. Ôï ñåýìá áðïêôÜ ôåëéêÜ Ýíôáóç ðïõ åßíáé:

\
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Â. Áðü ôï íüìï ôïõ Ïhm âñßóêïõìå:
V = IR = 2.2Volt  Þ  V = 4Volt.
Áðü ôï 2ï êáíüíá ôïõ Kirchhoff Ý÷ïõìå:
å - åáõô. = IR + Ir  Þ  åáõô. = å - I (R + r)  Þ  åáõô. = 12Volt.
ÁëëÜ ç ôéìÞ ôçò åáõô. åßíáé:

+ +
-�*

-�*^
)\
)�

�
)\
)� ^

' � �
)\
)�

' �"
"



"� � � �

��
��

���

ÇëåêôñïìáãíçôéêÞ åðáãùãÞ



207

ÂÉÂËÉÏÃÑÁÖÉÁ

Åðéóôçìïëïãßá ôùí Öõóéêþí Åðéóôçìþí

ÊÜëöáò Â.: (1997) ÅðéóôçìïíéêÞ Ðñüïäïò êáé Ïñèïëïãéêüôçôá,
Åêäüóåéò  ÍÞóïò.

Ðåñß êáôáóêåõÞò: ÐñáêôéêÜ åñãáóôçñßïõ ôçò ÅÌÅÁ  Åêäüóåéò
ÍÞóïò 1996

Bondi H .: (1990) Ó÷åôéêüôçôá êáé ÊïéíÞ ËïãéêÞ, Åêäüóåéò  Ôñï-
÷áëßá.

Born Max: (1993) Ôï Ðåßñáìá êáé ç Èåùñßá óôç ÖõóéêÞ, Åêäü-
óåéò  Ôñï÷áëßá

Brown H.: (1994) Ç Óïößá ôçò ÅðéóôÞìçò, Åêäüóåéò  Äßáõëïò.
Brown H. I.: (1993) Áíôßëçøç, Èåùñßá êáé ÄÝóìåõóç, Ðáíåðé-

óôçìéáêÝò Åêäüóåéò  ÊñÞôçò.
Carnap R.: (1975), Öéëïóïößá êáé ëïãéêÞ óýíôáîç ÌåôÜöñáóç

ÉùÜííá Ãüñäïõ. Åðéì. Í. ÁõãåëÞò, Åêäüóåéò  Åãíáôßá
Einstein A., Infeld L.: (1978) Ç ÅîÝëéîç ôùí Éäåþí óôç ÖõóéêÞ,

ÌåôÜöñáóç - ÓõìðëÞñùìá Å. ÌðéôóÜêçò, Åêäüóåéò  Äùäþíç.
Feyerabend P.: (1982) ÅíÜíôéá óôç ÌÝèïäï, ÌåôÜöñáóç Ãñ.

ÊáõêáëÜò, Ã. Êïõíôáñïýëçò, Åêäüóåéò  Óýã÷ñïíá ÈÝìáôá.
Foucalt M.: (1986) Ïé ëÝîåéò êáé ôá ðñÜãìáôá Ìéá áñ÷áéïëïãßá

ôùí åðéóôçìþí ôïõ áíèñþðïõ ÌåôÜöñáóç ÊùóôÞò Ðáðáãéþñãçò
Åêäüóåéò  “Ãíþóç”

Kraft V.: (1986)Ï Êýêëïò ôçò ÂéÝííçò êáé ç ÃÝííçóç ôïõ Íåï-
èåôéêéóìïý Sclick Wittgenstein Carnap Popper ÌåôÜöñáóç ÃéÜííç
ÌáíÜêïõ “Ãíþóç”

Kuhn T.: (1987).Ç äïìÞ ôùí åðéóôçìïíéêþí åðáíáóôÜóåùí Ìå-
ôÜöñáóç Â. ÊÜëöáò Óýã÷ñïíá ÈÝìáôá

Lakatos I.: (1986) Ìåèïäïëïãßá ôùí Åðéóôçìïíéêþí Ðñïãñáì-
ìÜôùí ÅðéóôçìïíéêÞò ̧ ñåõíáò ÌåôÜöñáóç Áéì. Ìåôáîüðïõëïò  Åêäüóåéò
Óýã÷ñïíá ÈÝìáôá

Rae Alastair: (1987)  Êâáíôïìç÷áíéêÞ: ðëÜíç Þ ðñáãìáôéêüôç-
ôá,  Åêäüóåéò  ÊÜôïðôñï.

 Éóôïñßá ôùí Öõóéêþí Åðéóôçìþí

ÁñéóôïôÝëïõò: ÖõóéêÞò Áêñüáóéò (Ôá öõóéêÜ), ÌåôÜöñáóç Ê.Ä.
Ãåùñãïýëç, Åêäüóåéò  ÐáðáäÞìá.  (1972)

ÊÝíôñï Íåïåëëçíéêþí Åñåõíþí: Ïé ÅðéóôÞìåò óôïí Åëëçíéêü ×þñï
(ÐñáêôéêÜ óõíåäñßïõ, Éïýíéïò 1995), Åêäüóåéò  Ôñï÷áëßá.

ÖÜññéíãêôïí Â.: (1969) Ç ÅðéóôÞìç óôçí Áñ÷áßá ÅëëÜäá, Ìå-
ôÜöñáóç ÑáÀóçò Í., Åêäüóåéò  ÊÜëâïò.

Asimov I.: (1998) Ôï ×ñïíéêü ôùí Åðéóôçìïíéêþí Áíáêáëý-
øåùí, ÐáíåðéóôçìéáêÝò Åêäüóåéò  ÊñÞôçò.



208

Dampier W.C.:  (1979) A history of Science and its relations
with Philosophy & Religion, Cambridge University Press.

Grant E.: (1993) Ïé ÖõóéêÝò ÅðéóôÞìåò ôïí Ìåóáßùíá . Ìåô.
Óáñßêáò Æ. Ðáí. Åêäüóåéò   ÊñÞôçò.

Harman M. P.: (1993) ÅíÝñãåéá, Äýíáìç êáé ¾ëç Ç åííïéïëï-
ãéêÞ åîÝëéîç ôçò ÖõóéêÞò ôïí 19ï áéþíá  ÅðéóôçìïíéêÞ åðéìÝëåéá
Ê. Ãáâñüãëïõ ÌåôÜöñáóç Ô. Ôóéáíôïýëáò ÐáíåðéóôçìéáêÝò Eêäü-
óåéò ÊñÞôçò

Leicester H.: (1993), Éóôïñßá ôçò ×çìåßáò, Åêäüóåéò  Ôñï÷áëßá.
Narlikar J .: (1999) Ç Åëáöñüôçôá ôçò Âáñýôçôáò, Åêäüóåéò

Ôñï÷áëßá
Prigogine Ilya:  (1997), Ôï ôÝëïò ôçò âåâáéüôçôáò, Åêäüóåéò

ÊÜôïðôñï.
Prigozin I., Stengers I.: (1986) «ÔÜîç ìÝóá áðü ôï ×Üïò»

ÌåôÜöñáóç Ì. ËïãéùôÜôïõ. Åêäüóåéò   ÊÝäñïò.
Schrodinger E .: Ç öýóç êáé ïé ¸ëëçíåò. Ï êüóìïò êáé ç öõóé-

êÞ . Ðñþôç äçìïóßåõóç 1954. Ó÷üëéá êáé åðåêôÜóåéò Michel Bitbol.
1992. Åêäüóåéò   Ð. Ôñáõëüò, ÊùóôáñÜêç Å,. 1995.

Weisskopf V.: (1994) Ç ÊâáíôéêÞ ÅðáíÜóôáóç, Åêäüóåéò  ÊÜôï-
ðôñï.

ÐáéäáãùãéêÜ- ÄéäáêôéêÞ

Êüêêïôáò Ð.: (2000) (Åðéì.) ÄéäáêôéêÝò ðñïóåããßóåéò óôéò öõóé-
êÝò åðéóôÞìåò-Óýã÷ñïíïé ðñïâëçìáôéóìïß  Åêäüóåéò   ôõðùèÞôù.

Êüêêïôáò Ð.: (1998) Óýã÷ñïíåò ðñïóåããßóåéò óôç äéäáóêáëßá
ôùí Öõóéêþí Åðéóôçìþí. – Ç åðïéêïäïìçôéêÞ ðñïóÝããéóç ôçò äéäá-
óêáëßáò êáé ôçò ìÜèçóçò .

Êüêêïôáò Ð .: (1998)  ÄéäáêôéêÞ ôùí Öõóéêþí Åðéóôçìþí Åêäü-
óåéò Ãñçãüñç .

ÊïõëáúäÞò Â.: (1995) (Åðéì.) ÁíáðáñáóôÜóåéò ôïõ öõóéêïý êü-
óìïõ  Åêäüóåéò Gutenberg

Ìáôóáããïýñáò Ç.: (1995) (Åðéì.) Ç åîÝëéîç ôçò äéäáêôéêÞò. ÅðéóôçìïëïãéêÞ
èåþñçóç  Åêäüóåéò   Gutenberg

ÐáôÜðçò Ó.: (1995) Ìåèïäïëïãßá ôçò äéäáóêáëßáò ôçò ÖõóéêÞò
Â’ ¸êäïóç

Óôáõñßäïõ Å.: (1995)  ÌïíôÝëá Öõóéêþí Åðéóôçìþí êáé äéáäé-
êáóßåò ìÜèçóçò  Åêäüóåéò ÓáââÜëáò

ÔóáðáñëÞò Ã.: (1991) ÈÝìáôá äéäáêôéêÞò ÖõóéêÞò êáé ×çìåßáò
óôç ÌÝóç Åêðáßäåõóç Åêäüóåéò   Ãñçãüñçò

Arons A. B.: (1992) Ïäçãüò äéäáóêáëßáò ôçò ÖõóéêÞò ÌåôÜöñá-
óç ÂáëáäÜêçò ÁíäñÝáò  Åêäüóåéò Ôñï÷áëßá

Bernstein B.: (1991) Ðáéäáãùãéêïß êþäéêåò êáé Êïéíùíéêüò Ýëåã÷ïò
ÅéóáãùãÞ -ÌåôÜöñáóç -Óçìåéþóåéò ÉùóÞö Óïëïìþí Åêäüóåéò    ÁëåîÜíäñåéá



209

Bertrand Y.: (1994) Óýã÷ñïíåò ÅêðáéäåõôéêÝò èåùñßåò Ìåô. Óé-
ðçôÜíïõ Á., ËéíÜñäïõ Å. Åêäüóåéò   ÅëëçíéêÜ ÃñÜììáôá

Driver R., Guesne E., Timberghien A.: (Eds) Ïé éäÝåò ôùí
ðáéäéþí óôç ÖõóéêÞ ÌåôÜöñáóç Êñçôéêüò È., Óðçëéùôïðïýëïõ-
Ðáðáíôùíßïõ Â.,Óôáõñüðïõëïò Á. ÅÍÙÓÇ ÅËËÇÍÙÍ ÖÕÓÉÊÙÍ,
ÔÑÏ×ÁËÉÁ 1993

Driver R., Squires A., Rushworth P., Wood-Robinson V.: (1999).
Ïéêïäïìþíôáò ôéò Ýííïéåò ôùí Öõóéêþí Åðéóôçìþí- Ìéá Ðáãêü-
óìéá óýíïøç ôùí éäåþí ôùí ìáèçôþí Åðéì. Ð. Êüêêïôáò, Ìåô. Ì.
×áôæÞ, Åêäüóåéò   ôõðùèÞôù

Hayes N.: (1993) ÅéóáãùãÞ óôéò ÃíùóôéêÝò Ëåéôïõñãßåò Åðéì. Á.
ÊùóôáñÜêïõ-Åõêëåßäç Åêäüóåéò   åëëçíéêÜ ãñÜììáôá

Lemeignan G., Weil-Barais A.: (1997) Ç ïéêïäüìçóç ôùí åí-
íïéþí óôç öõóéêÞ-Ç äéäáóêáëßá ôçò ìç÷áíéêÞò Åðéì.-Ìåôáö. Äáðü-
íôåò Í. ÄçìçôñáêïðïýëïõÁ., Åêäüóåéò   ôõðùèÞôù

Maturana H., Varela F.: (1992) Ôï äÝíôñï ôçò ãíþóçò. Ïé âéï-
ëïãéêÝò ñßæåò ôçò áíèñþðéíçò íüçóçò  Åêäüóåéò Êáôïðôñï

ÖõóéêÞ

Áëåîáíäñüðïõëïò Í. Ã., Èåoäùñßäïõ - ÊáñáäÞìá Å., óõíåñãá-
óßá Êþôóç Ê. È.: (1996) ÓõìðõêíùìÝíç ¾ëç êáé Áêôßíåò X, ÉùÜí-
íéíá.

Áëåîüðïõëïò Ê.Ä., Ìáñßíïò Ä. É.: (1998) Íåþôåñá áðü ôç Öõ-
óéêÞ, Åêäüóåéò  ÓáââÜëáò.

Áëåîüðïõëïò Ê.Ä., Ìáñßíïò Ä.É.: (1980) ÖõóéêÞ, ôüìïé Á´-Â´, ÁèÞíá.
Áëåîüðïõëïò Ê.Ä .:  (1966) ÃåíéêÞ ÖõóéêÞ, ôüìïé 1-5. ÁèÞíá.
Âáñþôóïò Ð., Áëåîüðïõëïò Ê. Ä.:  (1995) ÖõóéêÞ ÓôåñåÜò Êá-

ôÜóôáóçò, Åêäüóåéò  ÓáââÜëáò.
ÂëÜ÷ïò É.: (1990) ÌáèçóéáêÝò äñáóôçñéüôçôåò ãéá ôçí ðñþôç

Ëõêåßïõ: Ãåíéêïý-Ðïëõêëáäéêïý, Åêäüóåéò  “Ç Ýêöñáóç”.
ÂëÜ÷ïò É., ÆÜ÷ïò Ê., Êüêêïôáò Ð., ÔéìïèÝïõ Ã.: (1998) ÖõóéêÞ

Ã’  Ëõêåßïõ  Ï.Å.Ä.Â.
ÄáíÝæçò Ì., Èåïäïóßïõ Ó.: (1999) Ôï Óýìðáí ðïõ ÁãÜðçóá-

ÅéóáãùãÞ óôçí ÁóôñïöõóéêÞ, ôüìïé Á´, Â´, Åêäüóåéò  Äßáõëïò.
Êüêêïôáò Ð., ÊñÝìïò Ä.:  (1995) ÖõóéêÞ Á´ Ëõêåßïõ, Åêäüóåéò

Ï.Å.Ä.Â.
Ìáõñßêçò ×., ÔéìïèÝïõ Ã.:  (1982) Ìåèïäïëïãßá áóêÞóåùí Ìç-

÷áíéêÞò, Åêäüóåéò  ÁíáóôáóÜêç.
Ìðüôóçò Ê., Ðåñéóôåñüðïõëïò Ð., ÓöáñíÜò Í.: (1993) Åã÷åéñß-

äéï ÖõóéêÞò Ã´ Ëõêåßïõ, Åêäüóåéò  ÍÝùí Ôå÷íïëïãéþí.
Ïéêïíüìïõ Å. Í.:  (1985) Óõìâßùóç ÷ùñßò ìÝëëïí - ÐõñçíéêÜ

¼ðëá êáé Áíèñþðéíïé Ðïëéôéóìïß, ÐáíåðéóôçìéáêÝò Åêäüóåéò  ÊñÞôçò.
Ïéêïíüìïõ Å. Í.:  (1991) Ç ÖõóéêÞ ÓÞìåñá (Ïé ÄÝêá Êëßìáêåò

ôçò ¾ëçò), ÐáíåðéóôçìéáêÝò Åêäüóåéò  ÊñÞôçò.



210

Ðåñéóôåñüðïõëïò Ð., Óêéáèßôçò Åì.: (1983) Ïäçãßåò ãéá ôç äé-
äáóêáëßá ôçò ÖõóéêÞò óôç Â´ Ëõêåßïõ .

ÔéìïèÝïõ Ã.: (1986) ÖõóéêÞ Ã´ Ëõêåßïõ, Åêäüóåéò  Ðáðáäçìç-
ôñüðïõëïõ.

Abbott A.:  (1982) Ordinary Level Physics, Heinemann Ed.
Books, third Edition.

Avison J.:  (1989) The World of Physics, Nelson.
Bausor J. et al.: (1978) Advanced Physics project for Independent

Learning (APPIL) Units 1-10, John Murray (Publishers).
Born M.:  (1951) The restless Universe, Dover Publications.
Breithaupt J.:  (1994) Physics, Stanley Thornes (publishers)

Ltd.
Breithaupt J.:  (1997) Key Science: Physics (new edition), Stanley

Thornes (publishers) Ltd.
Dorn F., Bader F .:  (1985) ÖõóéêÞ, ôüìïé 1-4, Åêäüóåéò  Êôß-

óôç, ÁèÞíá, (óõíïäåýåôáé áðü âéâëßï ãéá ôïí êáèçãçôÞ).
Epstein L.C.:  (1989) Thinking Physics - Practical lessons in

critical thinking (second edition), Insight Press.
Feynman R.:  (1990) Ï ×áñáêôÞñáò ôïõ Öõóéêïý Íüìïõ, ÌåôÜ-

öñáóç ÅëÝíç Ðéðßíç, ÐáíåðéóôçìéáêÝò Åêäüóåéò  ÊñÞôçò.
Gamow G. and Cleveland J.M.: (1978) Physics: foundations

and frontiers (third edition) Prentice-Hall of India.
Haber-Schaim U., Dodge J., Walter J .:  (1990) P.S.S.C ÖõóéêÞ,

ÌåôÜöñáóç È. Êùóôßêáò, Åêäüóåéò  ºäñõìá Åõãåíßäïõ.
Halliday D. Resnick R.:  (1976) ÖõóéêÞ, ÌåôÜöñáóç Ã. Ðíåõ-

ìáôéêüò, Ã. Ðåðïíßäçò ôüìïé 1-2, Åêäüóåéò  Ã.Á. Ðíåõìáôéêüò.
Hecht E.:  (1998) Physics: Algebra/Trig Vol. I & II., Brooks/

Cole Publishing Company.
Hewitt P.:  (1992) Ïé ¸ííïéåò ôçò ÖõóéêÞò, ÌåôÜöñáóç Å.

ÓçöÜêç, ÐáíåðéóôçìéáêÝò Åêäüóåéò  ÊñÞôçò.
Hey I., Walters P.:  (1992) Ôï Êâáíôéêü óýìðáí, ÌåôÜöñáóç

Íßêïò ÄéëÞò, Åêäüóåéò  ÊÜôïðôñï.
Holton G.:  (1985) Introduction to concepts and theories in

Physical Science, revised by Brush S. (second edition),  Princeton
University Press.

Johnson K.:  (1996) Physics for you, New National Curriculum
Edition for GCSE. Stanley Thornes (publishers) Ltd.

Landau L., Kitaigorodsky A.:  (1980) Physics for Everyone
vol. Physical bodies, (second edition), MIR Publishers Moscow.

Landau L.D., and Kitagorodsky A.I.:  (1980) Physics for everyone,
vol.  Molecules (second edition) MIR Publishers Moscow.

Landau L.D., and Kitagorodsky A.I.:  (1981) Physics for everyone,
vol. Electrons, MIR Publishes Moscow.

MacDemmont L. C.:  (1996) Physics by Inquiry, volumes 1-2,
J. Willy & Sons.



211

March R.:  (1996) ÖõóéêÞ ãéá ÐïéçôÝò, ÌåôÜöñáóç Ê. ÌåñãéÜ,
Åêäüóåéò  Äßáõëïò.

Ohanian H.:  (1991) ÖõóéêÞ, ôüìïé 1-2, ÌåôÜöñáóç Á. Ößëéð-
ðá, Åêäüóåéò  Óõììåôñßá.

Pople S.:  (1989) Physics, Coordinated Science, Oxford University
Press.

Rogers E.M.:  (1977) Physics for the inquiring mind: the methods,
nature and philosophy of physical science (twelfth edition) Princeton
University Press.

Rutherford F., Holton G., Watson F.:  (1981) Harvard Project
Physics, Åêäüôåò Holt, Rinehart, Winston Publishers.

Sang D.:  (1995) Nuclear and Particle Physics, Nelson.
Serway R.:  (1990) Physics for Scientists and Engineers,  Ìå-

ôÜöñáóç Ë. ÑåóâÜíçò, ôüìïò ÉV.
Serway R.:  (1991) ÖõóéêÞ, ôüìïé 1-4, ¸êäïóç Ë. ÑåóâÜíç, ÁèÞ-

íá.
Silberberg M.:  (1996) Chemistry: the molecular nature of

matter and change, Mosby.
Skinner B.J. and Porter P.C.:  (1987) Physical Geology, John

Wiley & Sons.
Tillery B.W.: (1996) Physical Science (third edition), W.C.M.

Publishers.
Wenham E., Dorling G., Snell J., Taylor B.:  (1972) Physics,

Concepts and Models, Addison – Wesley Publishers limited.
Whelan P., Hodgson M.:  (1979) Questions on Principles of

Physics, John Murray.
Young H.:  (1994) ÖõóéêÞ, ôüìïé 1-2, ÌåôÜöñáóç Å. ÁíáóôáóÜ-

êçò, Ó. Ä. Ð. Âëáóóüðïõëïò, Å. Äñçò, Ç. Ó. Æïõìðïýëçò, Ç. Ê.
Êáôóïýöçò, Ã. Êïõñïýêëçò, Å. ÌÜíåóçò, Ê. Å. ÐáñáóêåõáÀäçò, Ì.
ÐéëÜíéáò, K. ×ñéóôïäïõëßäçò, Åêäüóåéò  ÐáðáæÞóç.

Zitsewits P.W. et. al.:  (1995) Merril Physics, Principles and
Problems, Glencoe/Mc Graw Hill.

ÅñãáóôÞñéï-ÐåéñÜìáôá

Êáñõþôïãëïõ Ð. ê.Ü.:  (1989) Ôï Êõêëéêü ÅñãáóôÞñéï, ôüìïé Á-
Â, Åêäüóåéò Ã. Ðíåõìáôéêüò.

Êáñáðáíáãéþôçò Â., Ðáðáóôáìáôßïõ Í., ÖÝñôçò Á., ×áëÝôóïò
×.:  Åñãáóôçñéáêüò Ïäçãüò Â´ Ãõìíáóßïõ, Ï.Å.Ä.Â

Êáñáðáíáãéþôçò Â.:  (1989) Ôï Ó÷ïëéêü ÅñãáóôÞñéï Öõóéêþí
Åðéóôçìþí, Åêäüóåéò  Ãñçãüñç.

Êüêêïôáò Ð., Êáñáðáíáãéþôçò Â. ê.Ü.:  (1998) ÐåéñÜìáôá Öõ-
óéêÞò, Åêäüóåéò  Ãñçãüñç.

Êüêêïôáò Ð., Êáñáðáíáãéþôçò Â., ÁñíáïõôÜêçò É., Êáñáíßêáò
É., ÊïõñÝëçò É.:  ÐåéñÜìáôá ÖõóéêÞò, Åêäüóåéò  Ãñçãüñç, ÁèÞíá.



212

Ìðïõñïýôçò É., ÌçôóéÜäçò Ó., ÂñÝôôáñïò Ã.:  Ï Êáèïäéêüò
ÐáëìïãñÜöïò, Åêäüóåéò  ÕÐÅÐÈ.

Ìðïõñïýôçò É.:  (1988) ÐåéñÜìáôá ÖõóéêÞò, ôüìïé Á-Â, Åêäü-
óåéò  Ï.Å.Ä.Â. (ã´ Ýêäïóç 1993).

Ìðïõñïýôçò É.:  ÐåéñÜìáôá ÖõóéêÞò, ôüìïé Á-Â, Åêäüóåéò  Ï.Å.-
Ä.Â

ÏñöáíïõäÜêçò Ã.:  ÅñãáóôçñéáêÝò ÁóêÞóåéò ÖõóéêÞò, Åêäüóåéò
Gutenberg, ÁèÞíá.

Ðáðáóôáìáôßïõ Í.:  ÅñãáóôçñéáêÝò ÁóêÞóåéò Â´ êáé Ã´ Ãõìíá-
óßïõ, ÁèÞíá.

Armitage E.:  Practical Physics in SI, J. Murray, Hong Kong.
Avison J.:  The World of Physics, Nelson, Hong Kong.
Freier G. - Anderson F.:  A Demonstration Handbook for Physics,

American Association of Physics Teachers, N. York.
Haber-Schaim U. et al.:  ÖõóéêÞ PSSC Åñãáóôçñéáêüò Ïäçãüò

(ÌåôÜöñáóç Í. Ðáðáóôáìáôßïõ), ºäñõìá Åõãåíßäïõ.
Leybold - Heraus : Physics Catalogue of Experiments, Kuln,

Germany.
Moss G.:  Ordinary Level Practical Physics, Heinemann, London.
Murphy J. - Doyle J.:  Laboratory Physics, C.E. Merrill, Columbus

Ohio.
Tillery Bill W.:  Laboratory Manual in Conceptual Physics,

W.C. Brown Boston, Chicago, London.
Tyler F.:  A Laboratory Manual of Physics, E. Arnold, London.
Unesco : (1994) Ïäçãüò ôïõ Åêðáéäåõôéêïý, ÌåôÜöñáóç Á. Âå-

êéáñÝëç - Å. Ðáðáãêßêá, Åðéì. É. Áíôùíßïõ ê.á., Åêäüóåéò  UNESCO/
RED – T – POINT.

Unesco:  New Unesco Source Book for Science Teaching, Unesco,
Paris.

Williams J. et. al.:  Excercises and Experiments in Physics,
Holt Reinhart and Winston.

ÊáôÜëïãïé ïñãÜíùí

ÌçôóéÜäçò Ó :  ÅéêïíïãñáöçìÝíïò ÊáôÜëïãïò Åðïðôéêþí ÌÝóùí
Äéäáóêáëßáò, Åêäüóåéò  Ï.Å.Ä.Â.

Colatex Didactic: Physic Technik Hauptkatalog, Lehrmittelhaus,
Innsbruck.

Leybold - Heraus: Physics Apparatus for Teaching Purposes,
Koln Germany “ÅðéóôçìïíéêÜ ¼ñãáíá”, Óïëùìïý 16, ÁèÞíá.

Philip Harris: Physical Science, Life Science, Technologie, Staffordshire
England, “Íïñì ÇëåêôñïíéêÞ ÅÐÅ”, ÂïõëÞò 18, ÁèÞíá.

PHYWE: Physics - Main Catalogue, Göttingen, Germany, anro
á.å., Ëåùö. Óõããñïý 44, ÁèÞíá.



213

ÓÇÌÅÉÙÓÅÉÓ-ÐÁÑÁÔÇÑÇÓÅÉÓ

Óôéò åðüìåíåò óåëßäåò õðÜñ÷åé ÷þñïò üðïõ  ìðïñåßôå íá êáôá-
ãñÜøåôå ó÷üëéá, íá êñáôÞóåôå óçìåéþóåéò Þ áðëÜ íá óçìåéþóåôå
“ôé íá ìçí îå÷Üóù”  ôçí åðüìåíç öïñÜ ðïõ äéäÜîåôå ôéò äéÜöïñåò
äéäáêôéêÝò åíüôçôåò.

1.1 ÊéíçôéêÞ èåùñßá ôùí éäáíéêþí áåñßùí
ÄéäáêôéêÞ åíüôçôá 1ç: ÐåéñáìáôéêÞ ìåëÝôç ôçò ó÷Ýóçò ôçò ðßå-

óçò ìå ôïí üãêï (1.1.1),  Ç ó÷Ýóç ôïõ üãêïõ ìå ôç èåñìïêñáóßá
(1.1.2), Ç ó÷Ýóç ôçò ðßåóçò ìå ôç èåñìïêñáóßá (1.1.3).
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ÄéäáêôéêÞ åíüôçôá 2ç: Íüìïò ôùí éäáíéêþí áåñßùí (1.1.4), Êéíç-
ôéêÞ èåùñßá ôùí áåñßùí (1.1.5). Ôï ðñüôõðï ôïõ éäáíéêïý áåñßïõ
(1.1.6).
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ÄéäáêôéêÞ åíüôçôá 3ç: Õðïëïãéóìüò ôçò ðßåóçò óôï éäáíéêü áÝ-
ñéï (1.1.7).
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ÄéäáêôéêÞ åíüôçôá 4ç: Ç ó÷Ýóç ôçò èåñìïêñáóßáò ìå ôç ìÝóç
êéíçôéêÞ åíÝñãåéá ôùí ìïñßùí (1.1.8),  Ç êáôáíïìÞ ôùí ôá÷õôÞôùí
óôá áÝñéá (1.1.9).
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1.2 èåñìïäõíáìéêÞ
ÄéäáêôéêÞ åíüôçôá 1ç: ÈåñìïäõíáìéêÞ éóïññïðßá (1.2.1), Áíôé-

óôñåðôÝò êáé ìç áíôéóôñåðôÝò ìåôáâïëÝò (1.2.2), Ðáñáäåßãìáôá áíôéóôñåðôþí
êáé ìç áíôéóôñåðôþí ìåôáâïëþí (1.2.3).
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2.2 Ìáãíçôéêü ðåäßï
ÄéäáêôéêÞ åíüôçôá 1ç: Ï íüìïò ôùí Biot êáé Savart êáé ç åöáñ-

ìïãÞ ôïõ óå åõèýãñáììï êáé êõêëéêü ñåõìáôïöüñï áãùãü (2.2.1).
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ÄéäáêôéêÞ åíüôçôá 2ç: ÄõíáìéêÞ öïñôéóìÝíïõ óùìáôßïõ óå ïìï-
ãåíÝò ìáãíçôéêü ðåäßï (2.2.2).

Á. ÇëåêôñïìáãíçôéêÞ äýíáìç Lorentz.,
Â. ÐåñéãñáöÞ ôçò êßíçóçò öïñôéóìÝíïõ óùìáôßïõ óå ïìïãåíÝò

ìáãíçôéêü ðåäßï.
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ÄéäáêôéêÞ åíüôçôá 3ç: Á. ÇëåêôñïìáãíçôéêÞ äýíáìç Laplace.
B. ÇëåêôñïìáãíçôéêÝò äõíÜìåéò ìåôáîý ðáñÜëëçëùí ñåõìáôïöü-

ñùí áãùãþí (2.2.3).
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ÄéäáêôéêÞ åíüôçôá 4ç: Íüìïò ôïõ Gauss óå ìáãíçôéêü ðåäßï
(2.2.4).
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ÄéäáêôéêÞ åíüôçôá 5ç: Á. Íüìïò Ampere, Â. ÅöáñìïãÝò ôïõ
íüìïõ ôïõ Ampere (2.2.5).
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2.3 ÇëåêôñïìáãíçôéêÞ ÅðáãùãÞ
ÄéäáêôéêÞ åíüôçôá 1ç: ÐåéñáìáôéêÞ ðñïóÝããéóç ôïõ öáéíïìÝíïõ

ôçò åðáãùãÞò (2.3.1),
Á. Íüìïò ôçò çëåêôñïìáãíçôéêÞò åðáãùãÞò, Â. Êáíüíáò ôïõ Lenz.
Ã. ÐåéñáìáôéêÞ åðáëÞèåõóç ôïõ íüìïõ ôçò åðáãùãÞò.
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ÄéäáêôéêÞ åíüôçôá 2ç: ÈåùñçôéêÞ ðñïóÝããéóç ôïõ öáéíïìÝíïõ
ôçò åðáãùãÞò (2.3.2).

Á. Õðïëïãéóìüò ôçò Ç.Å.Ä. áðü åðáãùãÞ óå êéíïýìåíï åõèý-
ãñáììï áãùãü.

Â. Õðïëïãéóìüò ôçò Ç.Å.Ä. áðü åðáãùãÞ óå ðåñéóôñåöüìåíï ðëáßóéï.
Ã. Õðïëïãéóìüò ôçò Ç.Å.Ä. áðü åðáãùãÞ óå ðåñéóôñåöüìåíï äß-

óêï.
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ÄéäáêôéêÞ åíüôçôá 3ç: Á. ÃåííÞôñéåò åíáëëáóóüìåíïõ ñåýìáôïò.
Â. ÃåííÞôñéåò óõíå÷ïýò ñåýìáôïò (2.3.3).
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ÄéäáêôéêÞ åíüôçôá 4ç: Ôï åíáëëáóüìåíï ñåýìá êáé ç áíüñèùóÞ
ôïõ. (2.3.4).
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ÄéäáêôéêÞ åíüôçôá 5ç: Áðëüò êéíçôÞñáò (2.3.5), Áìïéâáßá åðá-
ãùãÞ (2.3.6).
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ÄéäáêôéêÞ åíüôçôá 6ç: ÁõôåðáãùãÞ. (2.3.7).
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ÄéäáêôéêÞ åíüôçôá 7ç: ÅöáñìïãÝò ôïõ öáéíïìÝíïõ ôçò åðáãùãÞò
(2.3.8).

Á. Ìåôáó÷çìáôéóôÞò. Â, Åðáãùãéêü ðçíßï. ÌåôáöïñÜ ôçò çëå-
êôñéêÞò åíÝñãåéáò.
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