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16. Assertion (A) : A man standing on a completely frictionless

surface can propel himself by whistling.

Reason (R) : If no external force acts on a system, its

momentum cannot change. [2000]
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��ö 꾀 §矄�	��ᆠ� §�ᨨ�泐 §鼀ᨨ�矄 §犨��	 § §盐
�	ᨨ�鼀 §
�盐��
��ᨨᆠ��泐§×犨Ý§�ᨨ盐
�§§ᆠ��ᆠ盐��§��	§ᨨ	§���盐矄§�ö§␔	�ᆠ	
ᨨ
§ᨨ	§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄§�矄§ᆠᨨ��ᆠ�Œ �ĀĀ�桌
×Ý 
	§�ᨨ�泐§	矄§
ᨨ§ᆠᆠ����ᨨ

×�Ý 
	§�ᨨ�泐§	矄§§����§ᆠᆠ����ᨨ
§wn�§���ᆠ��

�ᨨ犨��§ᆠ
��§ᨨ	§��	
(c) 
	§�ᨨ�泐§	矄§§����§ᆠᆠ����ᨨ
§núĜwn�§���ᆠ��

犨泐§	�ᨨ鼀§�	§ᆠ
��§ᨨ	§�	§��	
×�Ý 
	§�ᨨ�泐§	矄§
§ᆠᆠ����ᨨ
§w2  �
�
���§�ᨨ§��矄

��	
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�黨ö 꾀§犨��	��矄矄§�盐���§���ᨨᨨ
§�矄§ 	����§犨��	§nĀĀ§ᆠᆠ§ᨨ	
犨��ö§ᔼ�矄§犨��	�§�
§犨��§�矄§⼄盐�§�ᨨ§ĺ �ĀĀ�桌

×Ý ĴöĮúĜ§� ×�Ý ĴöĮúĆĀ§�

×ᆠÝ ĴöĮún§� ×�Ý ��ᨨ

Āö ␔	�ᆠ	§ᨨ
§ᨨ	§�	§	ᨨ��ᨨ犨�
�§�矄§�	§ᆠᨨ��ᆠ�§矄⼄盐
ᆠ§ᨨ	
�	§���
§矄盐�矄�
ᆠ矄§�
§�	§�ᆠ�矄�
�§ᨨ���§ᨨ	§�	��
�
矄���矄Œ �ĀĀ�桌

×Ý 和��§�§㝐�ᆠ盐�泐§�§ᨨ��

×�Ý ᨨ��§�§㝐�ᆠ盐�泐§�§和��

×ᆠÝ 和��§�§ᨨ��§�§㝐�ᆠ盐�泐

×�Ý ᨨ��§�§和��§�§㝐�ᆠ盐�泐

Ćö ␔	�§�矄§�	§���ᨨ	�鼀�§鼀
§��ᨨᆠ��泐§犨��	§犨	�ᆠ	
�	§��	§鼀ᨨ�矄§�ᨨ盐
�§�	§矄盐
§�
§��矄§ᨨ����Œ �ĀĀ�桌

×Ý nĀ§├鼀ú矄 ×�Ý ĐĀ§├鼀ú矄

×ᆠÝ ĖĀ§├鼀ú矄 ×�Ý ĜĀ§├鼀ú矄

�ö �ᨨ盐�§ 犨��矄§ ᨨ	§ 矄鼀§ 鼀����§ 
�§ ᨨ	§ ��鼀
矄�ᨨ
矄§ 矄
盐
��§ �§ 矄���ᆠ	�§ �泐§ § �ᨨ�§ ᨨ	§ 矄鼀§ 鼀�
��盐�
矄����泐ö§ ␔	�ᆠ	§ ᨨ
§ ᨨ	§ �	鼀§ 犨���§ �§ �ᨨ
���
鼀	�鼀盐鼀Œ �ĀĀ䰘桌

×Ý ␔��§ᨨ	§Ć鼀§�
��	§
�§n§鼀鼀§��鼀��

×�Ý ␔��§ᨨ	§n§鼀§�
��	§
�§n§鼀鼀§��鼀��

×ᆠÝ ␔��§ᨨ	§Đ§鼀§�
��	§
�§ĆöĜ§鼀鼀§��鼀��

×�Ý ␔��§ᨨ	§Ć§鼀§�
��	§
�§Ć§鼀鼀§��鼀��

ö 
	�§��
��ᆠ�§�矄矄�矄§꾀î§�§
�§ᔴ§�§	����§犨��	§犨��î
鼀�ᆠ盐�泐§ 
�§ ├�ᨨ矄
§ �矄�ᆠ����泐§盐�§ �ᨨ§ 
§ ⼄盐�
	��	�ö§
	§�	�§�矄矄�矄§�§��ᨨ����§犨��	§��
��ᆠ�
��矄§�§�	§�ᨨ��ᨨ鼀§ᨨ	§�	§�矄矄�矄ö§ᔼ	§�	§�	�§��矄§�
ᨨ�
�§矄�鼀盐��
ᨨ盐矄�泐î§�	
§犨	�ᆠ	§�矄矄�§�矄§鼀����
	��矄�Œ �ĀĀ䰘桌

×Ý �矄矄�§�

×�Ý 꾀��§ �	§ �矄矄�矄§ 꾀î§ �§ 
�§ ᔴ§ 犨���§ �§ 鼀����
矄�鼀盐��
ᨨ盐矄�泐

×ᆠÝ �矄矄�§꾀

×�Ý �矄矄�§ᔴ

�ö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄§ĺ �ĀĆ�§ð§ᔼ桌

ᔼ	§�	�§犨�§
ᨨ§�	
ᨨ鼀
ᨨ
§§ᨨ	§ᆠ�������泐

Ćö ��§犨ᨨ盐��§�§��		�ᆠ盐��§�ᨨ§盐矄§§├�ᨨ矄
§�鼀�

nö ᨨ
§犨ᨨ盐��§
ᨨ�§�§��§�ᨨ§盐矄§§矄��犨§�ᨨ§ᆠᨨ
矄盐鼀
§矄ᨨ	�§���
├

Đö �	§��ᨨ���
�§���§犨ᨨ盐��§	��§�ᨨ§	盐
ᆠ��ᨨ


Ėö �	§���§��矄§�	�§犨§矄§�ᨨ盐
�§犨ᨨ盐��§
ᨨ�§	�
��ᨨ犨
§ᨨ
§�	§쟼��	

␔	�ᆠ	§ᨨ	§�	§矄��鼀
�矄§���
§�ᨨ�§�§ᆠᨨ��ᆠ�Œ

×Ý Ćî§n§
�§Đ§ᨨ
�泐 ×�Ý Ćî§Đ§
�§Ė§ᨨ
�泐

×ᆠÝ n§
�§Ė§ᨨ
�泐 ×�Ý Ćî§nî§Đ§
�§Ė

�ö ���§���
�矄§�§盐矄�§�
§��ᆠ泐ᆠ�矄î§ᆠ�矄î§�ᆠöî§�ᆠ盐矄

�ĀĆ§ð§ᔼ桌

×Ý �	§ᆠ�盐�§�§ᨨ	§ᆠᨨ
�ᆠ�§��犨
§�	§犨	�§
�
	�§�矄§�
ᆠ�矄�

×�Ý �	§		ᆠ���§�§ᨨ	§ᆠᨨ
�ᆠ�§��犨
§�	§犨	�

�§	�§�矄§�
ᆠ�矄�

×ᆠÝ �	§		ᆠ���§�§ᨨ	§ᆠᨨ
�ᆠ�§��犨
§�	§犨	�

�§	�§�矄§��盐ᆠ�

×�Ý �ᨨ
§ᨨ	§�	§�ᨨ�§矄��鼀
�矄§�矄§ᆠᨨ��ᆠ�

B. Heat and Thermodynamics

�ö 
	§ᆠ�ᨨ盐�矄§	�ᨨ�§�
§�	§�鼀ᨨ矄�	�§�ᆠ盐矄§ᨨ	§�	��
�ᨨ犨ĺ Ć黨黨�桌
×Ý �鼀���盐� ×�Ý ��ᨨᆠ��泐
×ᆠÝ ��矄矄盐� ×�Ý �
矄��泐

䰘ö 和����矄§ ᨨ	§ �犨ᨨ§ 鼀��矄§ 꾀§ 
�§ �§ �§ 	��鼀�泐§ �ᨨ�
��
�ᨨ��	�§矄§矄	ᨨ犨
§�
§�	§	��盐�ö Ć黨黨黨桌

A

B

졠
§	��
�î§꾀§	�
�矄§鼀ᨨ�§�	
§�§�ᨨ矄ö§ᔼ	§�	�矄§�ᨨ�
��
矄����§�矄§	��î§�	
§��§犨���§���§矄

×Ý

×�Ý

×ᆠÝ

×�Ý

�ö �ᨨ犨§�鼀���盐�矄§×ᆠ�泐ᨨ�
�ᆠ矄Ý§	�
�§����ᆠ��ᨨ
§�
§ĺ
Ć黨黨黨桌

×Ý 矄�ᆠ§����î§矄盐���泐§
�§鼀�
��ᆠ§������ᨨ

×�Ý 矄盐���泐î§鼀�
��ᆠ§ ������ᨨ
§
�§��鼀��泐
×ᆠÝ 矄�ᆠ§����î§矄盐���泐§
�§��鼀��泐
×�Ý 矄�ᆠ§����î§鼀�
��ᆠ§������ᨨ
§
�§��鼀��泐

黨ö 꾀矄矄���ᨨ
§×꾀Ý§�§꾀§��ᆠ§ᨨ	§ᆠᨨ���§
�§§��ᆠ§ᨨ	§��矄矄
�§	��§�ᨨ§�	§矄鼀§�鼀���盐�ö§␔	
§�ᨨ盐ᆠ	�î
�	�	��î§�	§ᆠᨨ���§��ᆠ§���矄§	ᨨ���§�	
§�	
��矄矄§��ᆠö
�矄ᨨ
§×�Ý§�§
	§�
矄��泐§ᨨ	§ᆠᨨ���§�矄§鼀ᨨ�§�	
§�	�
ᨨ	§��矄矄ö �ĀĀĆ桌
ᔴᨨ�矄�
×Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ 
�§ �§ �矄§ �	§ ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×�Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ �盐�§ �§ �矄 §
ᨨ� § §ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄
×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

�Āö 꾀矄矄���ᨨ
§×꾀Ý§�§
	§�ᨨ���
�§�ᨨ�
�§ᨨ	§犨��§�ᆠ�矄矄§矄
�	§����盐�§�
ᆠ�矄矄ö
�矄ᨨ
§×�Ý§�§
	§�鼀ᨨ矄�	��ᆠ§��矄矄盐�§�
ᆠ�矄矄§犨��	
����盐�ö �ĀĀĆ桌
ᔴᨨ�矄§�
×Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ 
�§ �§ �矄§ �	§ ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×�Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ �盐�§ �§ �矄 §
ᨨ� § §ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄
×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐
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�Ćö ␔	
§犨��§�矄§	��§	�ᨨ鼀§Ā�ᔴ§�ᨨ§�Ā�ᔴö§ᔼ�矄§�ᨨ�盐鼀ĺ
�ĀĀĆ桌

×Ý �
ᆠ�矄矄
×�Ý �ᆠ�矄矄
×ᆠÝ �ᨨ矄§
ᨨ�§ᆠ	
�
×�Ý 	��矄�§�ᆠ�矄矄§
�§�	
§�
ᆠ�矄矄

��ö 꾀§	ᨨ��ᨨ犨§矄�	�§ᨨ	§���盐矄§�î§§	ᨨ��ᨨ犨§ᆠ盐�§ᨨ	§矄��§�

�§§�	�
§ᆠ��ᆠ盐��§���§ᨨ	§���盐矄§�î§鼀�§盐�§ᨨ	§�	
矄鼀§ 鼀����î§ �§ ��§ 	��§ �ᨨ§ nĀ	ᔴ§ �ᨨ�§ �ᨨᨨ鼀
�鼀���盐�ö§␔	
§�	�§�ᨨ§ᆠᨨᨨ�§�
§�	§�ᨨᨨ鼀î§犨	�ᆠ	§ᨨ	
�	鼀§犨���§�ᆠ	§�	§�ᨨᨨ鼀§�鼀���盐�§	��矄�Œ �ĀĀ�桌
×Ý ᔴ��ᆠ盐��§���
×�Ý ᔴ盐�
×ᆠÝ 和�	�
×�Ý 꾀��§ᨨ	§�	鼀§犨���§�ᆠ	§�	§�ᨨᨨ鼀§�鼀���盐�§�

�	§矄鼀§��鼀
�ö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄ĺ§ö �ĀĀ桌

Ćö 和�鼀§ �§ ĆĀĀ	ᔴ§ 
�§ �ᨨ���
�§ 犨��§ �§ ĆĀĀ	ᔴ
ᆠᨨ
��
§矄鼀§鼀ᨨ盐
�§ᨨ	§	�ö

nö ��
�§	�§ᨨ	§	盐矄�ᨨ
§ᨨ	§�ᆠ§�矄§⼄盐�§�ᨨ§�	§��
�
	�§ᨨ	§��ᨨ�����ᨨ
§ᨨ	§犨��ö

Đö ᔼ
§
§��ðᆠᨨ
����ᨨ
�î§	�§�矄§	��ᆠ��§	�ᨨ鼀§�	
�ᨨᨨ鼀§��§�§�	§��ᨨ��ᨨ�§ᆠᨨ��矄§
�§�矄§��ᆠ��
ᨨ盐�§�§�	§ᆠᨨ
�
矄�§ᆠᨨ��矄ö

␔	�ᆠ	§ᨨ	§�	矄§矄��鼀
�矄§�矄ú�§ᆠᨨ��ᆠ�Œ
×Ý Ć§
�§n ×�Ý n§
�§Đ
×ᆠÝ 졠
�泐§n ×�Ý 졠
�泐§Đ

��ö ᔴ�ᨨ盐�泐§
��	�矄§�§犨�鼀�§ᆠᨨ鼀���§�ᨨ§ᆠ��§ᆠ�ᨨ盐��矄矄

��	�矄î§�ᆠ盐矄§ᆠ�ᨨ盐�矄ĺ �ĀĀĆ桌
×Ý ���
�§ᆠ�ᨨ�§犨�矄§	�ᨨ鼀§�	§矄├泐§	�ᨨ鼀§�矄ᆠ
��
�

ᨨ
§��	
×�Ý �	�ᆠ�§�ᆠ├§�	§	�§���
§ᨨ		§�泐§��	
×ᆠÝ ��ᨨ�盐ᆠ§	�§
�§����§��§�ᨨ犨��矄§��	
×�Ý �矄ᨨ�� §	� §	�ᨨ鼀 §�	 §�鼀ᨨ矄�	� §
� §矄
� §��

�ᨨ犨��矄§ ��	
��ö 
	§矄盐�	ᆠ§ᨨ	§§�├§�矄§	�ᨨ�
§�
§矄��§犨�
��î§�盐�§�	

犨��§�§��矄§�ᨨ��ᨨ鼀§�矄§矄����§��⼄盐��ö§␔	�§�矄§�	§�矄ᨨ
§Œ
�ĀĆĆ§ð§ᔼ桌

×Ý ᔼᆠ§�矄§§��§ᆠᨨ
�盐ᆠ�ᨨ�§ᨨ	§	�ö
×�Ý 和�
ᆠ §�	 §矄盐�	ᆠ §ᨨ	 §�	 §�├ §�矄 §� §�	 §矄鼀

�鼀���盐�§矄§�	§��î§
ᨨ§	�§�矄§�ᨨ矄�ö
×ᆠÝ 
	§�
矄��泐§ᨨ	§犨��§�矄§鼀	�鼀盐鼀§�§Ė	ᔴö
×�Ý �ᨨ
§ᨨ	§�	§矄��鼀
�矄§×Ýî§×�Ý§
�§×ᆠÝ§���
§�矄

ᆠᨨ��ᆠ�ö

C. Optics and Sound

��ö ␔	
§�	§矄鼀§
ᨨ�§�矄§��泐�§ᨨ
§§矄���§
�§§	�盐�î
�	§矄ᨨ盐
�§��ᨨ�盐ᆠ�§ᆠ
§�§��矄��
�盐�矄	�§	�ᨨ鼀§ᆠ	
ᨨ�	�§�ᆠ盐矄§ᨨ	§�	§��		�
ᆠ§�
§ĺ Ć黨黨�桌
×Ý ���ᆠ	î§�ᨨ盐�
矄矄§
�§⼄盐���泐
×�Ý ���ᆠ	§
�§�ᨨ盐�
矄矄
×ᆠÝ ⼄盐���泐§ᨨ
�泐
×�Ý �ᨨ盐�
矄矄§ᨨ
�泐

�䰘ö ��
§ ��ᨨ犨§�§ �犨ᨨ§ 矄��鼀
�矄î§ ᨨ
§ �����§ 矄
꾀矄矄���ᨨ
§×꾀Ý§
�§ᨨ�	�§�����§矄§�矄ᨨ
§×�Ýö Ć黨黨�桌

꾀矄矄���ᨨ
§×꾀Ý§�§꾀§��鼀ᨨ
�§矄��├�矄§鼀ᨨ�§�	
§§��矄矄
�鼀����ᨨ
§ᆠ盐�§�ᨨ§�	§矄鼀§矄	�ö
�矄ᨨ
§×�Ý§�§
	§�	�ᆠ���§�
�	§ᨨ	§��鼀ᨨ
�§�矄§�矄矄
�	
§�	�§ᨨ	§��矄矄ö
ᔼ
§ᆠᨨ
�	�§ᨨ	§�	§�ᨨ�§�犨ᨨ§矄��鼀
�矄î§犨	�ᆠ	§ᨨ
§ᨨ	
�	§	ᨨ��ᨨ犨�
�§�矄§ᆠᨨ��ᆠ�Œ
×Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ 
�§ �§ �矄§ �	§ ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×�Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§
�§ �§ �矄 §
ᨨ� § §ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄

×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

��ö 졠���ᆠ�§	���§犨ᨨ�├矄§ᨨ
§�	§���
ᆠ���§ᨨ	§ĺ Ć黨黨�桌
×Ý �ᨨ��§�
��
�§�	�ᆠ��ᨨ

×�Ý �	�ᆠ��ᨨ

×ᆠÝ 矄ᆠ����
�
×�Ý �
��	�
ᆠ

�黨ö 和盐��ᨨ矄§§�ᨨᆠ├�矄	��§�矄§�ᆠ��
�§	�ᨨ鼀§�	§��	§�§
矄��§ᨨ	§núĆĀ§�	§�	§��ᨨᆠ��泐§ᨨ	§���	�ö§꾀§���	�§�
§�	
�ᨨᆠ├�矄	��§���矄§��盐§�ᨨ§�	§�矄矄
��矄§ᨨ
§�	§矄	��ö
␔	�§ᆠᨨ�ᨨ盐�§犨ᨨ盐��§��§���§�ᨨ§
§ᨨ�矄���§ᨨ
§�	
��	Œ Ć黨黨�桌
×Ý ��盐 ×�Ý 졠�
�
×ᆠÝ Ӹ��ᨨ犨 ×�Ý Ӹ��ᨨ犨ðᨨ�
�

�Āö 꾀
§��§�盐���§�
§犨��§犨���§ᆠ�§��├§§ĺ Ć黨黨�桌
×Ý ᆠᨨ
�	§鼀���ᨨ� ×�Ý ᆠᨨ
�	§�
矄
×ᆠÝ ᆠᨨ
ᆠ�§鼀���ᨨ� ×�Ý ᆠᨨ
ᆠ�§�
矄

51. ␔	
§§鼀���ᨨ�§�矄§�ᨨ���§�泐§
§
��§qî§�	§�	�ᆠ��
�泐§犨���§�ᨨ��§�泐§ĺ Ć黨黨�桌
(a) Ā	 (b) qún
(c) q (d) nq

��ö 
ᨨ��§ �
��
�§ �	�ᆠ��ᨨ
§ ᆠ
§ �├§ ��ᆠ§犨	
§ ���	�
����矄§	�ᨨ鼀ĺ Ć黨黨�桌
×Ý ��鼀ᨨ
�§�ᨨ§��矄矄 ×�Ý 犨��§ �ᨨ§��矄矄
×ᆠÝ ��§�ᨨ§犨�� ×�Ý ��§�ᨨ§��矄矄

�ö 㝐�ᆠ	§��矄�§ᔼ§×턼盐
���泐Ý§犨��	§��矄�§ᔼᔼ§×
��矄Ý§
�§矄�ᆠ�
�	§ᆠᨨ��ᆠ�§
矄犨�§盐矄�
�§�	§ᆠᨨ�矄§���
§��ᨨ犨§�	
��矄�矄ĺ Ć黨黨黨桌

��矄�ðᔼ ��矄�ðᔼᔼ
꾀ö ���	§矄�� Ćö 㝐ᆠ	
�ö ␔��
��	 nö 꾀
�矄��ᨨ鼀
ᔴö ��矄矄盐� Đö �矄ᆠ�
�ö 쟼
��泐 Ėö �ᨨ盐�
ᔴᨨ�矄�

×Ý 꾀ðnî§�ðĆî§ᔴðĐî§�ðĖ
×�Ý 꾀ðĆî§�ðnî§ᔴðĖî§�ðĐ
×ᆠÝ 꾀ðĆî§�ðnî§ᔴðĐî§�ðĖ
×�Ý 꾀ðnî§�ðĆî§ᔴðĖî§�ðĐ

��ö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄ĺ §Ć黨黨黨桌
Ćö ᔼ	§§��矄ᨨ
§�ᨨᨨ├矄§�§§ᆠᨨ�
§犨	�ᆠ	§�矄§�
§§�盐ᆠ├�§ᨨ	

犨��î§�	§ᆠᨨ�
§犨���§���§�ᨨ§�
ᆠ�ᨨ矄�§�	
§��§���泐§�矄ö

nö ᔼ	§§��矄ᨨ
§盐
��§犨��§�ᨨᨨ├矄§�§§ᆠᨨ�
§�ᨨ�§�	
犨�� §矄盐�	ᆠî §�	 §ᆠᨨ�
 §犨��� §��� §�ᨨ §� §� §
	��	�§���§�	
§��§���泐§�矄ö
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␔	�ᆠ	§ᨨ	§�	§�ᨨ�§矄��鼀
�矄§�矄ú�§ᆠᨨ��ᆠ�Œ
×Ý Ć§
�§n ×�Ý Ć§�ᨨ

×ᆠÝ n§�ᨨ
 ×�Ý 
��	�§Ć§
ᨨ�§n

��ö 꾀§
ᨨ�矄§���§ᨨ	§ĆĀĀ§�ᆠ���§犨ᨨ盐��§ᆠᨨ��矄�ᨨ
�§�ᨨĺ
�ĀĀĀ桌

×Ý �盐矄�§盐����§矄ᨨ盐
�
×�Ý 졠���
�泐§ᆠᨨ
��矄��ᨨ

×ᆠÝ 和ᨨ盐
�§	�ᨨ鼀§§
ᨨ�矄泐§矄���
×�Ý �ᨨ�矄§	�ᨨ鼀§§鼀ᆠ	�
§矄	ᨨ�

��ö 꾀矄矄���ᨨ
§×꾀Ý§�§ᔼ
§§鼀ᨨ��ᨨ
§��ᆠ�盐�î§盐矄盐��泐§nĖ§	�鼀矄
�§��ᨨ�ᆠ��§��泐§矄ᆠᨨ
�§ᨨ��§�	§犨	ᨨ�§�
��	§ᨨ	
�	§	��鼀ö
�矄ᨨ
§×�Ý§�§꾀
§�鼀�§	ᨨ�鼀�§ᨨ
§�	§���
§ᨨ	§泐
��矄�矄�矄§	ᨨ�§�ᨨ盐�§ĀöĆ§矄§	��§�	§�鼀ᨨ��§ᨨ	§矄��鼀盐�盐矄ö

�ĀĀĀ桌
ᔴᨨ�矄�
×Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ 
�§ �§ �矄§ �	§ ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×�Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ �盐�§ �§ �矄 §
ᨨ� § §ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄
×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

�䰘ö 꾀矄矄���ᨨ
§×꾀Ý§�§和鼀��§��矄矄§��矄§	�	�§ᨨ
§��		�ᆠ§矄��
�矄
��ᨨ犨§����	��泐§犨	
§���	�§	��矄§盐�ᨨ
§�	鼀ö
�矄ᨨ
§×�Ý§�§���	�§�矄§�ᨨ���泐§�	�ᆠ��§犨	
§�	§
��
ᨨ	§�
ᆠ��
ᆠ§	ᆠ�矄§§ᆠ���
§ᆠ����ᆠ�§��盐§
�§���	�
������
�§�
§§�
矄�§鼀��盐鼀§�矄§�	�ᆠ��§	�ᨨ鼀§§���
鼀��盐鼀ö �ĀĀĀ桌
ᔴᨨ�矄§�
×Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ 
�§ �§ �矄§ �	§ ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×�Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ �盐�§ �§ �矄 §
ᨨ� § §ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄
×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

��ö ␔	
§§ᔴ�§×ᆠᨨ鼀�ᆠ�§��矄ᆠ§盐矄�§�
§盐��ᨨ§
�§���ᨨ
矄泐矄�鼀矄Ý§�矄§矄
§�
§矄盐
���	�î§��
�ᨨ犨§��├§ᆠᨨ�ᨨ盐�矄§�
矄
ö§ 
	�矄§ ᆠ
§ �§ 	���
�§ ᨨ
§ �	§ �矄�矄§ ᨨ	§ �	
�	
ᨨ鼀
ᨨ
§ᨨ	§ĺ �ĀĀĀ桌
×Ý �	�ᆠ��ᨨ
§
�§��		�ᆠ��ᨨ

×�Ý �	�ᆠ��ᨨ
§
�§��
矄鼀�矄矄�ᨨ

×ᆠÝ ��		�ᆠ��ᨨ
§
�§��
矄鼀�矄矄�ᨨ

×�Ý �	�ᆠ��ᨨ
î§��		�ᆠ��ᨨ
§
�§��
矄鼀�矄矄�ᨨ


�黨ö 꾀矄矄���ᨨ
§×꾀Ý§�§꾀§矄��ᆠ├§�矄§�����§�
§犨��§�
§§矄�
��
�
�ᨨ矄���ᨨ
ö§ᔼ	§ᨨ�矄���§矄��犨泐矄î§�	§矄��ᆠ├§���矄§矄	ᨨ��

�§�
�§�§�	§矄盐�	ᆠ§ᨨ	§犨��ö
�矄ᨨ
§×�Ý§�§꾀§���	�§ᆠᨨ鼀�
�§	�ᨨ鼀§�	§矄��ᆠ├§盐
���ᨨ矄
矄ᆠ����
�§ 	�ᨨ鼀§ 犨��§ 鼀ᨨ�ᆠ盐�矄§ ����
�§ �	§ 矄��ᆠ├§ 
矄	ᨨ��§
�§�
�§���
ᆠö �ĀĀĆ桌
×Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ 
�§ �§ �矄§ �	§ ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×�Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ �盐�§ �§ �矄 §
ᨨ� § §ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄
×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

�Āö ␔	
§���	�§犨�矄§�矄矄§	�ᨨ鼀§��§�ᨨ§��矄矄î§�	§�����矄
		ᆠ��§�ĺ �ĀĀĆ桌
×Ý 犨��
��	î§	�⼄盐
ᆠ泐§
�§��ᨨᆠ��泐
×�Ý ��ᨨᆠ��泐§
�§	�⼄盐
ᆠ泐
×ᆠÝ 犨��
��	§
�§	�⼄盐
ᆠ泐
×�Ý 犨��
��	§
�§��ᨨᆠ��泐

�Ćö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄ĺ �ĀĀ�桌
Ćö ���	�§ᨨ	§�ᨨ
��§犨��
��	§�§矄ᆠ����§鼀盐ᆠ	

鼀ᨨ�§�	
§�	§���	�§ᨨ	§矄	ᨨ���§犨��
��	ö
nö 
	§矄��§ᨨ	§��矄���§���	�§�
§犨��§�矄§ĀöĴĜ§��鼀矄

�	§矄��§�
§�ᆠ盐盐鼀ö

Đö ���ᨨ§犨�矄§�§��ᨨ�盐ᆠ�§�泐§�����泐§ᨨ矄ᆠ�����
�
�ᆠ���ᆠ�§ᆠ盐��
�矄ö

Ėö 
ᨨ§��ᆠ�§�	§ᨨ��矄���
�§�	�ᆠ�矄î§�ᨨ��ᆠ§盐矄§�	
�ᨨ����§		ᆠ�§ᨨ	§�	�ᆠ��§矄	ᨨ��§���ᨨ§犨�矄ö

␔	�ᆠ	§ᨨ	§�	矄§矄��鼀
�矄§�§ᆠᨨ��ᆠ�Œ
×Ý Ć§
�§n ×�Ý Ć§
�§Đ
×ᆠÝ n§
�§Ė ×�Ý Đ§
�§Ė

��ö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§
�盐��§�	
ᨨ鼀
ĺ �ĀĀ�桌
Ćö 
��矄����§ 	��
�
nö �	�ᆠ��ᨨ
§ᨨ	§���	�

Đö �	�ᆠ��ᨨ
§ᨨ	§���	�
Ėö ��		�ᆠ��ᨨ
§ᨨ	§���	�
�盐§�ᨨ§犨	�ᆠ	§ᨨ	§�	矄§�	
ᨨ鼀
§�矄§§鼀���§	ᨨ�鼀�§Œ

×Ý Ć§
�§n ×�Ý nî§Đ§
�§Ė
×ᆠÝ Ć§
�§Đ ×�Ý Ė§ᨨ
�泐

�ö ��		盐矄�ᨨ
§ᨨ	§���	�§�
§�	§�鼀ᨨ矄�	�§�├矄§��ᆠ§�盐§�ᨨ§ĺ

�ĀĀ桌
×Ý ᆠ��ᨨ
§��ᨨ	��
×�Ý �盐矄�§����ᆠ�矄

×ᆠÝ 	��盐鼀
×�Ý 犨��§ ��ᨨ盐�矄

��ö ␔	�ᆠ	§ᨨ
§ᨨ	§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄§�矄§
ᨨ�§ᆠᨨ��ᆠ�Œ
�ĀĀ桌

×Ý 
	§��ᨨᆠ��泐§ᨨ	§矄ᨨ盐
�§�
§��§�
ᆠ�矄矄§犨��	§�	
�
ᆠ�矄§ᨨ	§�鼀���盐�

×�Ý 
	 §��ᨨᆠ��泐 §ᨨ	 §矄ᨨ盐
� §�
 §�� §�矄 §�
��
�
� §ᨨ	
��矄矄盐�

×ᆠÝ 
	 §��ᨨᆠ��泐 §ᨨ	 §矄ᨨ盐
� §�
 §�� §�ᆠ�矄矄 §矄 §�	
	盐鼀����泐§�
ᆠ�矄矄

×�Ý 
	§��ᨨᆠ��泐§ᨨ	§矄ᨨ盐
�§�
§��§�矄§
ᨨ�§		ᆠ��§�泐§�	
ᆠ	
�§�
§鼀����盐�§
�§	�⼄盐
ᆠ泐

��ö ᔼ
§犨	�ᆠ	§ᨨ
§鼀ᨨ
�§�	§	ᨨ��ᨨ犨�
�§�矄§�	§矄��§ᨨ	§矄ᨨ盐
�
鼀	�鼀盐鼀Œ �ĀĀ�桌
×Ý 꾀��§�§Ā	ᔴ ×�Ý 꾀��§�§ĆĀĀ	ᔴ
×ᆠÝ ␔�� ×�Ý ␔ᨨᨨ�

��ö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄ĺ �ĀĀ䰘桌
Ćö ᔼ	§鼀�
�§
�§泐��ᨨ犨§ᆠᨨ�ᨨ盐��§ᆠ��ᆠ�矄§�
��矄ᆠ�î

�	§�
��矄ᆠ��§�§犨���§	�§��§ᆠᨨ�ᨨ盐�ö
nö ᔼ	§ᆠ泐
§
�§鼀�
�§ᆠᨨ�ᨨ盐��§ᆠ��ᆠ�矄§�
��矄ᆠ�î

�	§�
��矄ᆠ��§�§犨���§	�§��盐§ᆠᨨ�ᨨ盐�ö

␔	�ᆠ	§ᨨ	§�	§矄��鼀
�矄§���
§�ᨨ�§�矄ú�§ᆠᨨ��ᆠ�Œ
×Ý Ć§ᨨ
�泐 ×�Ý n§ᨨ
�泐
×ᆠÝ �ᨨ�	§Ć§
�§n ×�Ý ���	�§Ć§
ᨨ�§n
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�䰘ö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄ĺ �ĀĀ䰘桌

Ćö 꾀§	�盐�§ᨨ	§矄鼀���§�
��	§��ᨨ�盐ᆠ矄§犨�矄§ᨨ	§�ᨨ犨�
	�⼄盐
ᆠ泐ö

nö 和ᨨ盐
�§����矄§�
§�ᨨᆠ├矄§�
§�	§	ᨨ�鼀§ᨨ	§�ᨨ
���盐��
�
�矄��ᆠ§ 犨�矄§ᨨ
�泐ö

␔	�ᆠ	§ᨨ	§�	§矄��鼀
�矄§���
§�ᨨ�§�矄ú�§ᆠᨨ��ᆠ�Œ

×Ý Ć§ᨨ
�泐 ×�Ý n§ᨨ
�泐

×ᆠÝ �ᨨ�	§Ć§
�§n ×�Ý ���	�§Ć§
ᨨ�§n

��ö 꾀矄矄���ᨨ
§×꾀Ý§�§꾀§��§��ᆠ�	�§鼀ᨨ��
�§�§㝐ᆠ	§�盐鼀��
⼄盐�§�ᨨ§Ć§����矄§	矄��§�§
§����盐�§ᨨ	§ĆĜ§├鼀§�	

犨	��§鼀ᨨ��
�§�§㝐ᆠ	§�盐鼀��§⼄盐�§�ᨨ§Ć§
�§�	
矄§���ö

�矄ᨨ
§×�Ý§�§
	§��ᨨᆠ��泐§ᨨ	§矄ᨨ盐
�§��
�矄§ᨨ
§�	
�鼀���盐�§ᨨ	§�	§矄盐��ᨨ盐
��
�§鼀��盐鼀ö �ĀĀ䰘桌

×Ý �ᨨ�	 §꾀 §� §� §� §��盐 §
� §� §�矄 §�	 §ᆠᨨ��ᆠ�
	��
��ᨨ
§ᨨ	§꾀

×�Ý �ᨨ�	 §꾀 §
� §� §� §��盐 §�盐� §� §�矄 §
ᨨ� § §ᆠᨨ��ᆠ�
	��
��ᨨ
§ᨨ	§꾀

×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄

×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

�黨ö 꾀矄矄���ᨨ
§×꾀Ý�§���ᨨ§犨�矄§�
�§�
§§鼀�
��ᆠ§	���ö

�矄ᨨ
§ ×�Ý�§ ���ᨨ§ 犨�矄§ �§ �ᆠ��ᨨ鼀�
��ᆠ§ �


�盐�ö �ĀĀ�桌

×Ý �ᨨ�	 §꾀 §� §� §� §��盐 §
� §� §�矄 §�	 §ᆠᨨ��ᆠ�
	��
��ᨨ
§ᨨ	§꾀

×�Ý �ᨨ�	 §꾀 §
� §� §� §��盐 §�盐� §� §�矄 §
ᨨ� § §ᆠᨨ��ᆠ�
	��
��ᨨ
§ᨨ	§꾀

×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄

×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

䰘Āö ␔	�ᆠ	§ᨨ
§ᨨ	§�	§	ᨨ��ᨨ犨�
�§�泐�矄§ᨨ	§犨�矄§�§盐矄�§�

§
��	�§��矄�ᨨ
§����盐矄Œ �ĀĀ黨桌

×Ý ���ᨨ§犨�矄 ×�Ý 㝐�ᆠ�ᨨ犨�矄

×ᆠÝ ᔼ
	�ð��§ 犨�矄 ×�Ý �ᨨ
§ᨨ	§�	§�ᨨ�

䰘Ćö ᔴᨨ
矄���§�	§	��盐�§���
§��ᨨ犨§
�§
矄犨�§�	§��鼀
�	�§	ᨨ��ᨨ犨矄ĺ

P2

P1O

S

ᔼ
§�	§	��盐�§矄	ᨨ犨
§�ᨨ�î§졠�Ć§
�§졠�n§�§�犨ᨨ§��

鼀���ᨨ�矄 §├�� §���
��ᆠ盐�� §�ᨨ §ᆠ	 §ᨨ�	�ö §和 §�矄 §�	
���ᆠ��ᨨ
§ᨨ	§§�鼀§ᨨ	§���	�§	���
�§ᨨ
§�	§鼀���ᨨ�§졠�Ćö

	§���ᆠ��ᨨ
§ᨨ	§�	§�	�ᆠ��§�鼀§ᨨ	§���	�§	�ᨨ鼀§�	
鼀���ᨨ�§졠�n§犨���§�ĺ �ĀĆĆ§ð§ᔼᔼ桌

×Ý ���
��ᆠ盐��§�ᨨ§�	§���ᆠ��ᨨ
§和ö

×�Ý 꾀�§ĖĜ	§�ᨨ§�	§���ᆠ��ᨨ
§和ö

×ᆠÝ 졠��ᨨ矄��§
�§�����§�ᨨ§�	§���ᆠ��ᨨ
§和ö

×�Ý 꾀�§ĢĀ	§�ᨨ§�	§���ᆠ��ᨨ
§和ö

䰘�ö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§�	
ᨨ鼀
ĺ �ĀĆ§ð§ᔼ桌
Ćö 和��§ᨨ	§�	§矄盐
§�§�盐矄├ö
nö ᔴᨨ�ᨨ盐�§ᨨ	§�	§矄盐
§�§�犨

Đö 㝐ᨨᨨ
§��
�§��矄���§�§�犨

Ėö 
犨�
├�§ᨨ	§矄��矄§�
§�	§矄├泐
Ĝö �ᨨ�矄��§��
�§��矄���§�
§�	§矄├泐
␔	�ᆠ	§ᨨ	§�	§�ᨨ�§�§ᨨ���ᆠ�§���盐矄�ᨨ
矄Œ
×Ý Ćî§n§
�§Đ ×�Ý Đî§Ė§
�§Ĝ
×ᆠÝ Ćî§n§
�§Ė ×�Ý nî§Đ§
�§Ĝ

䰘ö ��
�ᨨ犨§�矄§��ᨨ�盐ᆠ�§犨	
§矄盐
���	�§	��矄§ᨨ
§��ᨨ�矄§ᨨ	
��
ö§␔	�ᆠ	§ᨨ	§�	§	ᨨ��ᨨ犨�
�§�	泐矄�ᆠ�§�	
ᨨ鼀
§�
�矄�ᨨ
矄���§	ᨨ�§�	�矄Œ �ĀĆ§ð§ᔼ桌
Ćö ��矄��矄�ᨨ
 nö �	�ᆠ��ᨨ

Đö ᔼ
��
�§�	�ᆠ��ᨨ

和�ᆠ�§�	§ᆠᨨ��ᆠ�§
矄犨�§盐矄�
�§�	§ᆠᨨ�矄§��ᨨ犨ö
×Ý Ć§
�§n§ᨨ
�泐 ×�Ý n§
�§Đ§ᨨ
�泐
×ᆠÝ Ć§
�§Đ§ᨨ
�泐 ×�Ý Ćî§n§
�§Đ

䰘�ö �盐��
�§§ �	盐
��矄�ᨨ�鼀î§ �	§ �	盐
��§ �
§ �	§ 矄├�矄§ �矄
��ᨨ�盐ᆠ�§�泐§�	 �ĀĆ§ð§ᔼ桌
Ćö 鼀��
�§ᨨ	§ᆠ盐鼀盐�ᨨ
�鼀�盐矄§ᆠ�ᨨ盐�矄§�
§�	§矄├泐
nö ���	�
�
�§�	�§矄���矄§�	§
�鼀�盐矄§ᆠ�ᨨ盐�矄
Đö ��ᨨ�
�§ 盐�犨��§ 鼀ᨨ�鼀
�§ ᨨ	§ ��§ 
�§ 犨��

����ᆠ�矄
和�ᆠ�§�	§ᆠᨨ��ᆠ�§
矄犨�§盐矄�
�§�	§ᆠᨨ�矄§���
§��ᨨ犨ö
×Ý Ć§ᨨ
�泐
×�Ý n§
�§Đ
×ᆠÝ Ć§
�§Đ
×�Ý �ᨨ
§ᨨ	§�	§�ᨨ�§��ᨨ�盐ᆠ矄§�	§�	盐
��

D. Electricity and Magnetism

䰘�ö ��
§��ᨨ犨§�§�犨ᨨ§矄��鼀
�矄î§ᨨ
§�����§矄
꾀矄矄���ᨨ
§×꾀Ý§
�§�	§ᨨ�	�§�����§矄§�矄ᨨ
§×�Ýö
꾀矄矄���ᨨ
§×꾀Ý�§
�
矄	ᨨ�鼀�§�矄§盐矄	盐�§	ᨨ�§矄����
�§盐�
ᨨ�§矄����
�§�ᨨ犨
§�ᨨ���矄ö
�矄ᨨ
§ ×�Ý�§ 
�
矄	ᨨ�鼀� §�矄 § §���ᆠ §盐矄� §�
 §�öᔴö
ᆠ��ᆠ盐��矄ö
ᔼ
§�	§ᆠᨨ
�	�§ᨨ	§�	§�ᨨ�§�犨ᨨ§矄��鼀
�矄î§犨	�ᆠ	§ᨨ

ᨨ	§�	§	ᨨ��ᨨ犨�
�§�矄§ᆠᨨ��ᆠ�Œ Ć黨黨�桌
×Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ 
�§ �§ �矄§ �	§ ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×�Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ �盐�§ �§ �矄 §
ᨨ� § §ᆠᨨ��ᆠ�

	��
��ᨨ
§ᨨ	§꾀
×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄

×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

䰘�ö �ᨨ鼀矄��ᆠ§�ᆠ���ᆠ�§犨���
�§�矄§�矄�ᆠ��泐§§ĺ Ć黨黨�桌
×Ý 矄��矄§ᆠᨨ

ᆠ��ᨨ

×�Ý �����§ᆠᨨ

ᆠ��ᨨ

×ᆠÝ ᆠᨨ鼀��
��ᨨ
§ᨨ	§矄��矄§
�§�����§ᆠᨨ

ᆠ��ᨨ
矄
×�Ý 矄��矄§ᆠᨨ

ᆠ��ᨨ
§犨��	�
§ᆠ	§�ᨨᨨ鼀§
�§�����

ᆠᨨ

ᆠ��ᨨ
§�矄犨	�
䰘䰘ö ␔	�ᆠ	§ᨨ
§ᨨ	§�	§	ᨨ��ᨨ犨�
�§�矄§��鼀�
��ᆠ§�
§
�盐�Œ

Ć黨黨䰘桌
×Ý ᔼ�ᨨ
 ×�Ý �泐��ᨨ�

×ᆠÝ 졠	泐�
 ×�Ý ����ᨨ�
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䰘�ö 꾀 §	盐矄 §�矄 §盐矄� §�
 §鼀�
矄 §�ᆠ���ᆠ §矄盐���泐 §矄 § §矄	�泐
���ᆠö§␔	�ᆠ	§ᨨ
§ᨨ	§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄§�ᨨ盐�
�	§	盐矄§�矄§ᆠᨨ��ᆠ�Œ Ć黨黨�桌

×Ý ᔼ�§�矄§ᆠᨨ

ᆠ��§�
§�����§犨��	§�	§鼀�
§矄犨��ᆠ	

×�Ý ᔼ�§�矄§鼀�§鼀�
�泐§	�ᨨ鼀§矄����§��ᨨ泐矄

×ᆠÝ ᔼ�§鼀盐矄�§	�§§�ᨨ犨§鼀���
�§�ᨨ�
�

×�Ý ᔼ�§鼀盐矄�§	�§��泐§	��	§�矄�矄�
ᆠ

䰘黨ö 꾀矄矄���ᨨ
§×꾀Ý§�§
	§�鼀���盐�§ᨨ	§§鼀��§犨��§��矄矄
犨	
§
§�ᆠ���ᆠ§ᆠ盐��
�§�矄§�矄矄�§�	�ᨨ盐�	§��ö Ć黨黨�桌

�矄ᨨ
§×�Ý§�§ᔴᨨ���矄�ᨨ
§ᨨ	§鼀��§�ᨨ鼀矄§犨��	§ᆠ	§ᨨ�	�
��矄矄§	�§
��泐ö

ᔴᨨ�矄�

×Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ 
�§ �§ �矄§ �	§ ᆠᨨ��ᆠ�
	��
��ᨨ
§ᨨ	§꾀

×�Ý �ᨨ�	§ 꾀§ 
�§ �§ �§ ��盐§ �盐�§ �§ �矄 §
ᨨ� § §ᆠᨨ��ᆠ�
	��
��ᨨ
§ᨨ	§꾀

×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄

×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

�Āö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄ĺ Ć黨黨黨桌

꾀
§ᨨ���
�泐§���	�§�盐��§	矄§§��	�§矄	ᨨ��§��	§�ᆠ盐矄
�	ĺ

Ćö 	��鼀
�§犨��§�矄§
ᨨ�§盐
�	ᨨ�鼀ö

nö �盐��§ᆠ

ᨨ�§�§�ᆠ盐��§ᆠᨨ鼀����泐ö

Đö 犨��矄§ 矄盐��ᨨ���
�§ �	§ 	��鼀
�§ 鼀��§ �§ 	��	
�鼀���盐�矄ö

␔	�ᆠ	§ᨨ	§�	§�ᨨ�§矄��鼀
�矄§�§ᆠᨨ��ᆠ�Œ

×Ý Ć§
�§Đ ×�Ý n§
�§Đ

×ᆠÝ Ć§
�§n ×�Ý Ćî§n§
�§Đ

�Ćö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄§�����
�§§鼀ᨨ�ᨨ�
ᆠ�§ ����泐ĺ Ć黨黨黨桌

Ćö 
	§�ᨨ���§�矄§盐矄盐��泐§Ćn§�ö

nö 쟼�ᆠ��ᨨ�泐�§盐矄�§�矄§	泐��ᨨᆠ	�ᨨ��ᆠ§ᆠ��ö

Đö 쟼�ᆠ��ᨨ�矄§�§��§
�§ᆠᨨ���ö

Ėö ᔴ�ᆠ��泐§�矄§	��矄矄�§�
§鼀��ð	ᨨ盐�ö

␔	�ᆠ	§ᨨ	§�	§�ᨨ�§矄��鼀
�矄§�§ᆠᨨ��ᆠ�Œ

×Ý Ć§
�§n ×�Ý n§
�§Đ

×ᆠÝ Đ§
�§Ė ×�Ý Ć§
�§Ė

��ö ��盐ᨨ�矄ᆠ
�§�盐�矄§�§	����§犨��	§§ᆠ	ᨨ├ö§
	§ᆠ	ᨨ├
ᆠᨨ��§ĺ �ĀĀĀ桌

×Ý 矄��矄§盐�§�	§��
§�ᨨ���

×�Ý 矄��矄ð�ᨨ犨
§�	§��
§�ᨨ���

×ᆠÝ ��盐ᆠ矄§ᆠ盐��
�§�
§�	§ᆠ��ᆠ盐��

×�Ý ᆠ	ᨨ├矄§�ᨨ犨§	�⼄盐
ᆠ泐§ᆠ盐��
�

�ö 
犨ᨨ§ 犨��矄§ 	�§ �	��§ �
��	矄î§ ��鼀��矄§ 
�
�矄�矄������矄§��§�
§�	§���ᨨ§ᨨ	§Ć§ĺ§nö§ᔼ	§�	§�矄�矄�
ᆠ§ᨨ	
�	§�	�

�§犨��§�矄§ĆĀ§ᨨ	鼀î§�	§�矄�矄�
ᆠ§ᨨ	§�	§�	�ᆠ├�
犨��§�矄§ĺ �ĀĀĆ桌

×Ý Ĝ§ᨨ	鼀 ×�Ý ĆĀ§ᨨ	鼀

×ᆠÝ nĀ§ᨨ	鼀 ×�Ý ĖĀ§ᨨ	鼀

��ö 꾀矄矄���ᨨ
§ ×꾀Ý§ �§ ᔼ
 §ᨨ盐� §	ᨨ盐矄矄î §�	 §ᆠ盐��
� §�
 §꾀öᔴö
�ᆠ���ᆠ��泐§��
§ᆠ	
�矄§���ᆠ��ᨨ
§ĢĀ§��鼀矄§��§矄ᆠᨨ
�ö

�矄ᨨ
§ ×�Ý§ �§ 
	§ 	�⼄盐
ᆠ泐§ ᨨ	§ ���
��
�§ �ᨨ���
矄盐�����§�矄§ĜĀ§��ö �ĀĀ�桌

×Ý �ᨨ�	§꾀§
�§�§�§�
�����盐��泐§��盐§
�§�§�矄§�	
ᆠᨨ��ᆠ�§	��
��ᨨ
§ᨨ	§꾀

×�Ý �ᨨ�	§꾀§
�§�§�§�
�����盐��泐§��盐§�盐�§�§�矄§
ᨨ�
�	§ᆠᨨ��ᆠ�§	��
��ᨨ
§ᨨ	§꾀

×ᆠÝ 꾀§�矄§��盐§�盐�§�§�矄§	�矄
×�Ý 꾀§�矄§	�矄§�盐�§�§�矄§��盐

��ö ␔	�§�矄§�	§ᨨ���§ᨨ	§鼀�
��盐�§ᨨ	§�ᆠ���ᆠ§�矄�矄�
ᆠ
ᨨ	§�	§	盐鼀
§�ᨨ�泐§×��泐Ý§Œ �ĀĀ�桌

×Ý ĆĀn§ᨨ	鼀 ×�Ý ĆĀĖ§ᨨ	鼀

×ᆠÝ ĆĀĢ§ᨨ	鼀 ×�Ý ĆĀĮ§ᨨ	鼀

��ö ␔	�ᆠ	§ᨨ
§ᨨ	§�	§	ᨨ��ᨨ犨�
�§�矄§���
��§ᨨ
§§ᆠᨨ鼀鼀ᨨ
�泐
盐矄�§	�盐ᨨ�矄ᆠ
�§�盐�§���	�Œ �ĀĀ�桌

×Ý nnĀ§⧤ ×�Ý nĨĐ§⧤

×ᆠÝ ĢĜĀĀ§⧤ ×�Ý ĴĀĀĀ§⧤

�䰘ö ��	
§�矄§	�⼄盐
��泐§�
§
犨矄§�ᆠ
��泐ö§␔	�§�矄§��矄
�鼀�ᨨ��
ᆠŒ �ĀĆ�§ð§ᔼ桌

Ćö§ ᔼ�§�矄§§�犨ᨨð��鼀
矄�ᨨ
�§鼀����§
�§	矄§�ᨨᨨ�
�ᆠ���ᆠ�§ᆠᨨ
�盐ᆠ�����泐ö

nö ᔼ�§�矄§ᨨ
§ᨨ	§�	§�	�

矄�§�盐�§矄��ᨨ
�矄�§鼀����矄
�矄��§矄ᨨ§	�ö

Đö ᔼ�§�矄§
����泐§鼀�§ᨨ	§矄���ᆠᨨ
§
�§	矄§	��	§ᨨ���ᆠ�
��
矄��
ᆠ泐ö

Ėö ᔼ�§ᆠ
§�§盐矄�§矄§�ᆠᨨ
�盐ᆠ��
�§�ᆠ��ᨨ�矄�§�⼄盐���
	ᨨ�§�ᨨ盐ᆠ	§矄ᆠ�
矄î§�ᔴ�矄§
�§ᨨ��
�ᆠ§�쟼�矄ö

␔	�ᆠ	§ᨨ	§�	§矄��鼀
�矄§���
§�ᨨ�§�§ᆠᨨ��ᆠ�Œ

×Ý Ć§
�§n§ᨨ
�泐

×�Ý Đ§
�§Ė§ᨨ
�泐

×ᆠÝ Ćî§n§
�§Ė§ᨨ
�泐

×�Ý Ćî§nî§Đ§
�§Ė

��ö 쟼�ᆠ���ᆠ��泐§ᆠ	���§§����ᆠ�矄§§	�ᨨ鼀§矄�ᆠ§������
�
�§ 矄��矄§ ᨨ	§ 矄���§ 	盐
���§ ├鼀ú矄ᆠ§ ᆠ
§ 矄���泐
	�鼀 §����
� §��
�矄 §�	 §�	泐 §�ᆠ	 §�	 §矄盐�	ᆠ §ᨨ	 §�	
쟼��	ö§␔	�§���
�矄§�	鼀§	�ᨨ鼀§�ᆠ	�
�§�	§矄盐�	ᆠ
ᨨ	§�	§쟼��	Œ �ĀĆ�§ð§ᔼ桌

×Ý 
	§쟼��	�矄§鼀�
��ᆠ§	���§�����矄§�	鼀§�ᨨ犨��矄
��矄§�ᨨ�矄

×�Ý 졠�ᨨ
§�泐�§�ᨨ盐
�§�	§쟼��	§�	�ᆠ�矄§�	鼀§�ᆠ├
�ᨨ§ᨨ盐��§矄�ᆠ

×ᆠÝ 㝐ᨨ�矄�盐�§ �
§ �	§ 盐���§ �泐�矄§ ᨨ	§ �鼀ᨨ矄�	�
���
�矄§�	鼀§	�ᨨ鼀§�ᆠ	�
�§�	§矄盐�	ᆠ§ᨨ	§�	
쟼��	

×�Ý �ᨨ
§ᨨ	§�	§矄��鼀
�矄§×Ýî§×�Ý§
�§×ᆠÝ§���
§�ᨨ�
�矄§ᆠᨨ��ᆠ�

�黨ö 
	§├
ᨨ犨
§	ᨨ�ᆠ矄§ᨨ	§
�盐�§ᆠ
§�§������§�
�ᨨ§	ᨨ盐�
ᆠ�矄矄矄î§���öî§�����泐î§�ᆠ��ᨨ鼀�
��矄鼀î§犨├§
盐ᆠ��
	ᨨ�ᆠ§
�§矄��ᨨ
�§
盐ᆠ��§	ᨨ�ᆠö§␔��	§�	�
ᆠ§�ᨨ§�	鼀î
犨	�ᆠ	§ᨨ
§ᨨ	§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄§�矄§
ᨨ�§ᆠᨨ��ᆠ�Œ

�ĀĆ§ð§ᔼ桌

×Ý ����泐§�矄§�	§矄��ᨨ
�矄�§ᨨ	§�	§	ᨨ盐�

×�Ý 쟼�ᆠ��ᨨ鼀�
��矄鼀§ᆠ�矄§ᨨ
�泐§ᨨ
§����ᆠ�矄§犨��	§

�ᆠ���ᆠ§ᆠ	��

×ᆠÝ ␔├§
盐ᆠ��§	ᨨ�ᆠ§ᆠ盐矄矄§���ᨨᆠ�����泐

×�Ý 和��ᨨ
�§
盐ᆠ��§	ᨨ�ᆠ§	ᨨ��矄§��ᨨ�ᨨ
矄§
�§
盐��ᨨ
矄
�
矄��§�	§
盐ᆠ�盐矄§ᨨ	§
§�ᨨ鼀
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黨Āö 
	§ �ᆠ	
�⼄盐§ 盐矄�§ �ᨨ§ ��
矄鼀��§ 盐��ᨨ§ 矄��
�矄§ �

����矄�ᨨ
§��ᨨ�ᆠ矄�矄§�矄§ĺ Ć黨黨�桌
×Ý 꾀鼀����盐�§㝐ᨨ�盐���ᨨ

×�Ý ��⼄盐
ᆠ泐§㝐ᨨ�盐���ᨨ

×ᆠÝ �盐�矄§ᔴᨨ�§㝐ᨨ�盐���ᨨ

×�Ý 
�鼀§����矄�ᨨ
§㝐盐�����	�
�

黨Ćö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄ĺ Ć黨黨�桌
꾀�§�	§��矄
�§���§ᨨ	§�ᆠ	
ᨨ�ᨨ�泐§�����§�
§ᔼ
��î
矄ᨨ��§
��泐§ᆠ
§�§ᆠᨨ
�
�
��泐§盐矄�§�ᨨ§ĺ
Ćö 和盐���泐§	ᨨ�§犨��§�ᨨ§�矄��
���§�盐����
�矄ö
nö 和盐���泐§犨��§	ᨨ�§鼀�
ᨨ�§�������ᨨ
§��ᨨ�ᆠ�矄ö
Đö ��ᨨ���§矄���§���	��
�ö
Ėö 쟼�ᆠ���	泐§§ᆠ�盐矄��§ᨨ	§�����矄§
�§矄鼀��§�ᨨ犨
矄ö
×Ý Ćî§nî§Đ§
�§Ė§�§ᆠᨨ��ᆠ�
×�Ý n§
�§Ė§�§ᆠᨨ��ᆠ�
×ᆠÝ Ć§
�§Đ§�§ᆠᨨ��ᆠ�
×�Ý Ćî§n§
�§Đ§�§ᆠᨨ��ᆠ�

黨�ö 졠
§ 矄��ᨨ
ᨨ鼀�ᆠ�§ 盐
��§ �矄§ �	§ ���§ ��矄�
ᆠ
��犨
ĺ Ć黨黨�桌
×Ý 쟼��	§
�§�	§和盐

×�Ý 쟼��	§
�§�	§㝐ᨨᨨ

×ᆠÝ �盐����§
�§�	§和盐

×�Ý ��盐�ᨨ§
�§�	§和盐


黨ö �ᨨ�§���ᨨ�盐ᆠ�
�§矄ᨨ盐
�î§§ᔴ�§×ᔴᨨ鼀�ᆠ�§��矄ᆠÝ§盐��ᨨ
��泐�§盐矄矄§§ĺ �ĀĀĀ桌
×Ý ⼄盐���§ ᆠ�泐矄��
×�Ý ���
�盐鼀§
��
×ᆠÝ �矄�§�鼀
×�Ý ���盐鼀§���
�§ᆠ�鼀�ᆠ

黨�ö ␔	�ᆠ	§ᨨ
§ᨨ	§�	§	ᨨ��ᨨ犨�
�§�ᨨ矄§§
�§�鼀ᨨ�§ᆠᨨ
��ᨨ�
盐
��§盐矄§�ᨨ§ᨨ���§§
�§矄�Œ �ĀĀĀ桌
×Ý ���	�§ 犨�矄 ×�Ý 和ᨨ盐
�§犨�矄

×ᆠÝ 㝐�ᆠ�ᨨ犨�矄 ×�Ý ���ᨨ§犨�矄

黨�ö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄ĺ �ĀĀĆ桌
ᔼ
§§
盐ᆠ��§�ᆠ�ᨨ�î§矄�	ð矄盐矄��
�§ᆠ	�
§�ᆠ��ᨨ
§�矄
�ᨨ矄矄���î§�ᆠ盐矄ĺ
Ćö 鼀ᨨ�§
盐��ᨨ
矄§�§��矄�§�
§ᆠ	§ᨨ	§�	§	�矄矄�ᨨ


�ᆠ��ᨨ
矄ö
nö �	§
盐��ᨨ
矄§�鼀鼀����泐§�├§���§�
§�	§	�矄矄�ᨨ


��ᨨᆠ矄矄ö
Đö �	§	矄�§
盐��ᨨ
矄§�§矄�ᨨ犨�§�ᨨ犨
§�泐§���	��ö
Ėö ��泐§
盐��ᨨ
§ ��矄�§ �
§ �	§ 	�矄矄�ᨨ
§ �ᆠ��ᨨ


�
����矄§	盐��	�§	�矄矄�ᨨ
ö
␔	�ᆠ	§ᨨ	§�	矄§矄��鼀
�矄§�§ᆠᨨ��ᆠ�Œ
×Ý Ćî§n§
�§Đ ×�Ý Ć§
�§Đ
×ᆠÝ n§
�§Ė ×�Ý nî§Đ§
�§Ė

黨�ö ᔴᨨ
矄���§�	§	ᨨ��ᨨ犨�
�§矄��鼀
�矄ĺ �ĀĀ�桌
Ćö 꾀§ �ᨨð矄���ᨨ
�泐§矄�����§ �矄§�§ 
§ ���ᨨ	�鼀�

	��	�§ᨨ	§ĆĀîĀĀĀ§├鼀ö
nö �㝐§��
矄鼀�矄矄�ᨨ
§ᨨ	§鼀盐矄�ᆠ§�矄§ᨨ	§��泐§�ᨨᨨ�§⼄盐���泐

�ᆠ盐矄§ �	§ �鼀ᨨ矄�	��ᆠ§ ᨨ�§ 鼀
§ 鼀�§ 
ᨨ�矄矄
犨	�ᆠ	§�§�
���泐§	�⼄盐
ᆠ泐§�����ᨨ
矄§ᆠ
§�ᨨ
�����§	�鼀ö
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×�Ý 鼀����盐�§㝐ᨨ�盐���§和泐矄�鼀
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ᨨ�矄§��盐ᆠ��ᨨ
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�
矄��盐ᆠ�盐�§ᨨ	§	盐鼀
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ᆠ

×�Ý ���ᨨ§�矄ᨨ�ᨨ�矄
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ᆠ矄§ᨨ	§��矄ᆠᨨ���
�
�	�矄§����ᆠ�Œ �ĀĆ§ð§ᔼ桌
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§�ᨨ�
�
�ᨨ§
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§�	鼀ö

Đö ᔼ�§犨���§
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矄犨�§盐矄�
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ĆĀĀö ␔��	§�	�
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F. Space Physics
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�ᆠ§
��
矄§	�
�§����ᆠ��ᨨ
矄§�
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×Ý 矄盐�ð鼀��
§��ᨨ�盐�矄�ᨨ

×�Ý 	�ᨨ矄�ð	�§�	�����ᨨ�矄
×ᆠÝ �ᨨᆠ├�§�ᆠ	
ᨨ�ᨨ�泐
×�Ý �矄�ᆠ	§�
§矄盐��ᆠᨨ
�盐ᆠ�����泐
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nö 矄��矄§�ᨨ§
ᨨ�§�犨�
├�ö
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×Ý Đ§�ᨨ
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�矄§���ᆠ��§�泐§矄ᨨ鼀§矄��矄§矄��盐��§�
§�	§���ᆠ��ᨨ
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§鼀����§�泐§�	§矄盐
§	��矄§§����
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ĆĀ�ö 꾀§���ᆠ├§	ᨨ��§�矄§§�ᨨ�泐§�
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ᨨ�§��ᨨ犨

泐§�����ᨨ
§�ᨨ§ᆠᨨ鼀§ᨨ盐�ö§
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�§矄��鼀
�矄§�
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矄矄ᨨᆠ���§ 犨��	§ �
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§ ��ᨨ�ᆠ矄��
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§Ė꾀ö

␔	�ᆠ	§ᨨ	§�	§矄��鼀
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§�ᨨ�§�§ᆠᨨ��ᆠ�Œ
×Ý Ćî§n§
�§Đ ×�Ý Ć§
�§n§ᨨ
�泐
×ᆠÝ n§
�§Đ§ᨨ
�泐 ×�Ý Ć§
�§Đ§ᨨ
�泐
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§犨	�ᆠ	§ᨨ	§�	§	ᨨ��ᨨ犨�
�§ᆠ������矄§�§ᔼ
��
§�鼀ᨨ�
和
矄�
�§×ᔼ�和Ý§矄�����矄§盐矄�Œ �ĀĆ�ðᔼ桌
Ćö 꾀矄矄矄矄鼀
�§ᨨ	§ᆠ�ᨨ�§��ᨨ�盐ᆠ�����泐
nö �ᨨᆠ��
�§��ᨨ盐
�犨��§�矄ᨨ盐�ᆠ矄
Đö 㝐�
��§	��ᨨ���ᨨ

Ėö 
�ᆠᨨ鼀鼀盐
�ᆠ��ᨨ
矄
Ĝö 
�		�ᆠ§矄�盐��矄
和�ᆠ�§�	§ᆠᨨ��ᆠ�§
矄犨�§盐矄�
�§�	§ᆠᨨ�§���
§��ᨨ犨ö
×Ý Ćî§n§
�§Đ§ᨨ
�泐 ×�Ý Ė§
�§Ĝ§ᨨ
�泐
×ᆠÝ Ć§
�§n§ᨨ
�泐 ×�Ý Ćî§nî§Đî§Ė§
�§Ĝ
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C. Optics and Sound
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