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��� �� ���������
�ŵĘ$²#>�Ï¿�žę ſ 
t = 0;�ŵŠ V�m/s��ù²ý f0 (Zsf�)@ŵTĥĢ+1P�ŵĘA�ă«?á(ĚŃ@
§)TĥĢ+14</P� 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 
TĪů(ƄÅĄ);�ĔAƄ�ĥĢ-:�P@; t = T;@ŵĘÅś;A�28Ħ@ážżŃ@
§ſ$ĥĢ-:�P�/P<�á#NáF;@ŗų$ VT�m�<�!�*@<%@ŵ@ĔŮ
�0 (('%$))A 
�0 = VT�m�<�!P� 
 
*@ľ!āTÎą?�ŵĘ$ vs;²'Ï¿Tľ!:GM � 
 

������ 

TĪë�  
1'����� 1"*)2 

ŵĘ 

t = 0;¨-4á 
žŵŠ Vſ 

(t = 0) 

t = 0;¨-4á 
ž§ĝ?ä$Pſ 

(t = T) 

t = T;¨-4á 
ž28I@áſ 

ŵA VT�m�ŢH 

ĔŮ�0 

VT�m� 
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ç√ 

 

�ŵĘ$ vs;Ŝ9'
ƃƃƃ

Ï¿� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ŵĘ$ŋėĿ?Ŝ9'Ï¿�á#NáF;@ŗų$ VT
vsT�m�?>7:�:� 
ĔŮA¡MOJĨ'>7:�P�ÌĻ+Q:�PW|�c;�P� 
ŵ@ĔŮ$�’ = VT
vST?>7:�P*<?ĕò-:�Ĕ@æ v = f�#N�ŋėĿ$ŀ'

ŵ@ù²ý f ’TĒIP� 
V = f ’�(VT
vsT ) 
f ’ = !!" −$s"  = !(! −#s)$  

**;�1"  = f0>@; 

f ’ = !(! −$s)"  = !! −$s f0 
 
ÇŸ 1 ŵĘ$Ũ,#PÏ¿@nju��±Ĉ 

*@v�c@}l�T¹ľ?���@dkju;ŵĘ$ŋėĿ#NŨ,#P
ƃƃƃƃ

ű@ŵĔ@ĔŮ

<ù²ýTľ!M�É74Nčv�c@ŌŐTr�m?->$NŢIM� 
STEP t = 0<�t = T;@ŵĔ<ŵĘ@�ļT�Ë;ĩ1� 
STEP� ŋėĿ$ŀ'ŵ@ĔŮ�’T V�vS�T;ĩ1� 
STEP� ŋėĿ$ŀ'ŵ@ù²ý f ’T V�vS�f;ĩ1� 

ç√ 
ŵĘ 

t = 0;¨-4ážŵŠ Vſ 

(t = 0) 

t = 0;¨-4á 
ž§ĝ?ä$Pſ 

(t = T) 

t = T;¨-4á 
ž28I@áſ 

ŵĘA vsT�m�ŢH 

vs 

ŵA VT�m�ŢH 
žŵĘ$²�:JŵŠA°Š->�@;� 

¡@ŵĘ
ƃƃƃƃ

@�ļ
ƃƃƃ

T�í?§ĝ?ä$Pſ 

ĔŮ�’ = VT 
 vsT 

TĪë�  
1'����� 1"*)2 

VT�m� 

 

vsT�m� 

�f ’ = ��f0�@é;��@ū©$� 
©ĐƋ©Õ�<� Ű�>@;�1MOÔ%�
@;�¡@ù²ý f0 MOJÔ%'>P*<$

S#P�Ŝ9'<%Aŵ$ź'>P@5� 
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ç√ 

ÇŸ 1 Ōĳ� �ŵĘ$Ũ,#P
ƃƃƃƃ

Ï¿@nju��±Ĉ� 
STEP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STEP� 
�@ËMO�ĔŮA VT + vsT�m� 
¡@ĔŮMOç%�B+Q:�PW|�c;�P� 
 
STEP� 
Ĕ@æ� v = f� MO 

V = f ’�(VT + vsT ) 

f ’ = !!" +$s"  = !(! +$s)"  
**;�1"  = f0>@; 

f ’ = !(! +$s)"  = !! +$s f0 

ç√ 
ŵĘ 

t = 0;¨-4ážŵŠ Vſ 

(t = 0) 

t = 0;¨-4á 
ž§ĝ?ä$Pſ 

(t = T) 

t = T;¨-4á 
ž28I@áſ 

ŵĘA vsT�m�ŢH 

vs 

ŵA VT�m�ŢH 

ĔŮ�’ = VT + vsT 

VT�m� 

 

vsT�m� 

�f ’ = ��f0�@é;��@ū©$�1M
OÞ+�@;�¡@ù²ý f0MOJÞ+

'>P*<$S#P�Ũ,#P<%Aŵ

$�'>P@5� 

TĪë�  
1'����� 1"*)2 
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��� �� ����������
�ŋėĿ$ vo������Ŝ9'

ƃƃƃ
Ï¿� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�  
**;�ĔŮ�0AÒ³10ŵŠ$ V+ vo?>7:�P*<#N�Ò³ë@ù²ý f ’TĒIP� 
v = f�MO 

V + vO = f ’�0 
f ’?8�:Ō�: 
f ’ = ! +$o

!0  

*Q$�ŋėĿ@ŀ'ŵ@ź+;�P� 
45-�ŵŠT V + vo<ó.:�PŋėĿ@G$�*@ f ’ @ù²ý;ŀ*!:�:�ÅÊ

@�GU>$*@ŵ@ź+;ŀ*!:�PS(;A>�� 
 
ƀ �0TĖ¸/P�Ĕ@æ v = f�MO 

V = f0�0 
� �0 = !&0 

*QTĒI4æ f ’ = ! +$o
!0 � ?�£ ! ′ = ! + "o!#0 = ! + "o! #0 

ç√ 

ç√ 
ŵĘ 

t = 0;¨-4ážŵŠ Vſ 

(t = 0) 

t = 0;¨-4á 
ž§ĝ?ä$Pſ 

(t = T) 

t = T;¨-4á 
ž28I@áſ 

ĔŮAÒSN>� 

vO������ 

ĔŮ�0 
(('%$)) 

TĪë�  
1'����� 1"*)2 

VT�m� 

 vO������ 
 

ŵŠA V + vO 

ž<ó.Pſ 

²'ŋėĿ@G$ó.P

ŉ#(@ŵŠ 

�f ’ = ��f0�@é;��@ū©$�1M
OÔ%'�¡@ù²ý f0MOJÔ%'>

7:�P*<$S#P�Ŝ9'<%Aŵ

$ź'>P@5� 
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ÇŸ 2 ŋėĿ$Ũ,#PÏ¿@nju��±Ĉ 
®v�c@}l�T¹ľ?���@dkju;ŋėĿ$ŵĘ#NŨ,#Pű@ù²ýTľ!

M�É74NŌŐTr�m?->$NŢIM� 
STEP t = 0<�t = T;@ŵĔ<ŵĘ@�ļT�Ë;ĩ1� 
STEP� ŋėĿ$ŀ'ŵ@ù²ý f ’T V�vO��0;ĩ1� 
STEP� Ĕ@æ v = f�Tģ�:�STEP�@æ#N�0TĖ¸-4é;ĩ1� 
 

ÇŸ 2 ŌŐ� �ŋėĿ$Ũ,#P
ƃƃƃƃ

Ï¿� 
STEP 
 
 
 
 
 
 
 
 
 
 
 
 

STEP� 
**;�ĔŮ�0AÒ³10�ŵŠ$ V
 vo?>7:�P*<#N�Ò³ë@ù²ý f ’TĒIP� 
v = f�MO 

V 
 vO = f ’�0 
f ’?8�:Ō�: 
f ’ = ! −$o

!0  

STEP� 
�0TĖ¸/P�Ĕ@æ v = f�MO 

V = f0�0 � �0 = !&0 

*QT f ’ = ! −#o
!0 � ?�£ ! ′ = ! − "o!!0 = ! − "o! !0 

ç√ 

ç√ 
ŵĘ 

t = 0;¨-4ážŵŠ Vſ 

(t = 0) 

(t = T) 

vO 

ĔŮ�0 

TĪë�  
1'����� 1"*)2 

VT�m� 

 vO 
 

ŵŠA V 
 vo 

ž<ó.Pſ 

�f ’ = ��f0�@é;��@ū©$�1M
OÞ+'�¡@ù²ý f0MOJÞ+'>

7:�P*<$S#P�Ũ,#P<%A

ŵ$�'>P@5� 
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ç√ 

��� �� �������������
�ŵĘ$ vs;Ŝ9%�ŋėĿ$ vo;Ŝ9'Ï¿� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ŵĘ@²%?MO�ĔŮ$ VT
vsT�m�?Ò³-�ŋėĿ$²'*<;ŉ#(@ŵŠ$ 
V + v0?Ò³/P�2ě@Ò³?ĕò-:�ŋėĿ?<7:@Ĕ@æ v = f�@æTĮ:�ŋ
ėĿ$ŀ'ŵ@ù²ý f ’TĒIP�Ĕ@æ v = f�MO� 

V + vo = f ’�(VT
vsT ) 
f ’ = ! +$o!" −$s"  = '+(o(! −#s)$  

**;�1"  = f0>@; 

f ’ = ! +$o(! −$s)"  = ! +$o! −$s  f0 
 
ƀņŖ� nju��±Ĉ@Ý¨?8�: 
nju��±Ĉ@Ý¨A�ċ�>āē$�O�/E:@qh��Tydh�-M <ñ 

<ÔÒ;/�2-:�FOòÆA�OF1U�Ƅ8@KOāTØ¤?ġŌ-:"(B�ĉ

ð@ġŌA;%:�PA0>@;��R�R>Ý¨?õT¨/@;A>'�Ƅ8TØ¤?

ġŌ-F-L �2 -:"(B�ĬÍI@Ý¨ÇŸ>=;�¬qh��Tŀ#Q:J�

ŎÝ@ÿį?Ûï;%F/� 

ç√ 
ŵĘ 

t = 0;¨-4ážŵŠ Vſ 

(t = 0) 

t = 0;¨-4á 
ž§ĝ?ä$Pſ 

(t = T) 

t = T;¨-4á 
ž28I@áſ 

ŵĘA vsT�m�ŢH 

vs 

ŵA VT�m�ŢH 
 

ĔŮ�’ = VT 
 vsT 

TĪë�  
1'����� 1"*)2 

VT�m� 

 

vsT�m� 

ŵĘ$Ŝ9'Ï¿@æ� f ’ = !! −$s f0 < 

ŋėĿ$Ŝ9'Ï¿@æ� f ’ = ! +$o!  f0T 

¿S14M >é?>P�  
 

vo 

vo 
 

ŵŠA V + vO 

ž<ó.Pſ 
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��� 5� ��	
����� 
nju��±Ĉ@·ġAJ6RUŬň5$�Ŝ9'�Ũ,#P�Ĝā$²'��ā$²'>

=�qh��$<:JÓ�@;�C<F0ōĴÇŸ?Ûï;%PM ?�C<F<I?-4

¥æTŊ!:-F" � 
nju��±Ĉ@¥æ 

f ’ = f0 � %  ◯ 'o%  ◯ 's� � ž�?Au�d#yWod#@=6N#$£Pſ 

 
�@æTŉ:�æ@Ċš<-:��  
 
ŋė+QPÅĔý f ’  ƌ ¡@ÅĔý f0  � Š+$ÂFQP©ý <>7:�P*<?ĕĦ� 
 
Š+$ÂFQP©ý$ 1MOJÔ%(QBŵAź'>O�1MOJÞ+(QBŵA�'>P
@5� 
�?Au�d#yWod@=6N#$£P$�ŵĘKŋėĿ@²%$��ŵTź'/P±Ĉ�

$�P@#���'/P±Ĉ�$�P@#;ľ!P*<$;%P� 
(�) 
 
                                        
 
 
ŋė(O)AŵĘ?Ŝ9* <-:�P� � � � � ŵĘ(S)AŋėĿ#NŨ,#R <-:�P 
	ŵTź'/P±Ĉ � � � � � � � � � � �   	ŵT�'/P±Ĉ 
	voA©Õ�Ð!4ā$ fAÔ%'>P!!      	vsA©Đ�Ð!4ā$ fAÞ+'>P!! 
	vo@õ®@�A�Ɓ�� � � � � � � � � �  	vs@õ®@�A�Ɓ� 
 
� � � � � � *@Ï¿ŋėĿ$ŀ'ŵA 

 f ’ = f0 � % + 'o% + 's  

nju��±Ĉ@¥æT�ċ�>Ï¿©(;þġ-M </P<�Ŋ!Pŭ$Ó'ÔÒ!! 
�@M >Ċš;Ŋ!:-F" !!©ý@é+!Ŋ!:-F!Bĵ¶>é5� 
 

©ýA vo$��ŏÄ¿S1�Ğċ1��� 
33
2$��<Ŋ!M � 

vo vs 

 $"$ 
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ÇŸ 3 nju��±Ĉ@¥æ@ĺĽ 
ŴĎ-4ŵĘ$�ù²ý 440Hz@ŵT¨-:�P�Ë@
M ?�ŋėĿ$Š+ 10m/s;*@ŵĘ?Ŝ9'Ï¿<�
Š+10m/s;ŵĘ#NŨ,#PÏ¿@2Q3Q?8�:�
ŋėĿ$ŀ'ŵ@ù²ýTĒIM�45-�ŵŠT 340m/s
</P� 

 
 
 
 
 
 
 
 
 
 
ÇŸ 4 =6NJ²'Ï¿@nju��±Ĉ 
Ë@M ?�ħĹťŘ;�ŵĘ$ 640Hz@ŵT¨->$
N 20m/s ;ŕ7:�P�*@ŵĘ?Á#7:�ŋėĿ$
5.0m/s ;Ŝ9�:�P<%�ŋėĿ$ŀ'ŵ@ù²ýA
�'N#�45-�ŵŠT 340m/s</P� 
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ÇŸ 3Ōĳ� Ŝ9'Ï¿Ɗ453Hz�Ũ,#PÏ¿Ɗ427Hz 
ÇŸ 3ŌŐ 
�ŵĘ?Ŝ9'Ï¿�� ŋėĿ$ŀ'ù²ý f1A�nju��±Ĉ@æ#N� 

� � !1 = 340 + 10340 × 440 = 452.9〔Hz〕� � 453Hz 

�ŵĘ#NŨ,#PÏ¿�� ŋėĿ$ŀ'ù²ý f2A� 

� � !2 = 340 − 10340 × 440 = 427.0〔Hz〕� � 427Hz 

 
ÇŸ 4Ōĳ� 690Hz 
ÇŸ 4ŌŐ 
ŋėĿ$ŀ'ŵ@ù²ý f'A�nju��±Ĉ@æTģ�:� 

� � !′ = % + &O% − &S ! = 340 + 5.0340 − 20 × 640 = 690〔Hz〕 
 
 



��� ������ 

11 
 

��� 6� ��	
������� 
ºÜć$�P<% 
ºÜć$�P<%A��qh��>Ōē<>P@;Ŋ!:-F" � 
 
 F0AºÜćTŋėĿ<ŉĮ::��ºÜć$ŀ'ŵ f 6�TĒIP� 
� č?ºÜćT�f 6T¨/ŵĘ�<-:ŉĮ::�ąĆ@ŋėĿ<@æTĮ:P� 
 
}l�� ŋėĿ$ŵĘTø7:ŴĎ/PºÜć?Ŝ9'Ï¿ 
 
 
 
 
 
 
 
 F0AºÜćTŋėĿ<ŉĮ::�ºÜć$ŀ'ŵ f 6TōĴ/P 
 
f 6 = V� � � � � � � � �f0 
 
( 	 f 6@ŵ$Ñ?è4P*<;�Ñ$2@ù²ý;üN+Q:�f 6@ŵT¨/ŵĘ<>P�) 

 
� č?ºÜćT f 6T¨/ŵĘ<ŉĮ::�ŋėĿ$ŀ'ŵ f =TōĴ/P� 
 
 
 
 
 
 
 

f = = W� � � � � � � � � f 6� =  X� � � � � � �   � f0 

 
 
 
VƊ� !! −$ (�f0 )   WƊ! +$!  (�f 6)  XƊ! +$! −$ (�f0 ) ƀW@ f 6?V@ĳ!T�£-:�P 

ºÜć(ŴĎ) 

ŋėĿ@Šå v ŵŠ V 

ù²ý f0 

ºÜć(ŴĎ) 
 

ŋėĿ@Šå v ŵŠ V 

ù²ý f 6 
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ÇŸ 5 ºÜć$�P<%@nju��±Ĉ 
ù²ý$ f0@"U+ S@��?ŋėĿ P<ºÜćR$
�P�P< SAŴĎ-�R$Š+ v; S#NŨ,#P
M ?²'<�P ?A >O$ŀ*!4�ŵ@Š+T
V(Vƍv)</P� 
(1) P$ŀ' R#N@ºÜŵ@ù²ý f2TĒIM� 
(2) P$ŀ'�1Īè4O@ >O@ÈýNTĒIM� 
 
 
 
ÇŸ 5 Ōĳ�  

� � (1) %− &% + & !O� � (2) 2&% + & !O 

ÇŸ 5 ŌŐ 
(1)  
ă«?ºÜć RTŋėĿ<ŉĮ::�"U+ S<@nju��±Ĉ@æTĮ:P� 

� � !
�

= %− &O% !O = %− &% !O 

č?�ºÜć RT f 6@ŵT5/ŵĘ<-:ùPł��ŋėĿ P<@nju��±Ĉ@æT
Į:P� 

� � !′ = %% + &S !
�

= %% + & !
�

 

**;�      !
�

= % − &% !O 

T�£-:� 

� � !′ = %% + & × %− &% !O = %− &% + & !O 

(2)  
 >O@ÈýNA�ù²ý@â;ōĴ;%P�"U+ S 
#NħúŋėĿ P?à'ŵA f0>@; 

� � ' = !O − %− &% + & !O = '% + &% + & − %− &% + &( !O = 2&% + & !O 

(ºÜŵ@ā$��ŵ>@;�fo 
 f ’<� ŶĤ;ōĴ/P) 
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Ź$�P<% 
 
Ź$�P<%A�ŵŠ V$Ź@Š+ w�m/s�©5(Ò³/P� 
¥æ@ V?Ò³+14ë@ŵŠT�£/P� 
 
}l�� ŋėĿ$ŵĘTø7:ŴĎ/PŋėĿ?Ŝ9'Ï¿ 
 
 
 
 
 
 
 ŋėĿ$¼(»Pŵ@Š+ V ’TĒIP� 

V ’ =  V� � � � � � � �  

� nju��±Ĉ@¥æ@ V?�;ĒI4 V ’T�£-:ŋėĿ@ŀ'ù²ýTĒIP� 

f ’ =  W 

 

Ōĳ� VƊVƁw   WƊ ! ++! ++−$ f0� � � � � � � �  

ŵŠ V 

ù²ý f0 

ŹŠ w 

ŋėĿ ŵĘ@Šå v 
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ÇŸ 6� Ź$�P<%@nju��±Ĉ 
Ë@M ?�ŋėĿ A�B< 400Hz@ŵĘ$�ħĹ�?
�U;"O�ŵĘA½Á%? 20m/s;²�:�P�F4�
½Á%?�Ù@Š+ 10m/s @Ź$Ã�:�P�Ź$>�
<%@ŵŠT 340m/s</P� 
(1)� ŋėĿ A$ŀ'ŵ@ù²ýA�'N#� 
(2)� ŋėĿ B$ŀ'ŵ@ù²ýA�'N#� 

 
 
 
 
 
 
 
 
 
 
 
ÇŸ 6 Ōĳ� (1)� 377Hz� (2)� 424Hz 
ÇŸ 6 ŌŐ 
(1)� ŵĘ#NŋėĿ A?Á# Á%AŹ@Á%<Ş>@;�*@Ï¿@ŵŠA� 
� � 340Ƃ10ƌ330�m/s� 
ŋėĿ A$ŀ'ù²ý f1A�ŵĘ$ī²/PÏ¿@nju��±Ĉ@æ#N 

� � !1 = %% + &S ! = 330330 + 20 × 400 = 377.1〔Hz〕� � 377Hz 

(2)� ŵĘ#NŋėĿ B?Á# Á%AŹ@Á%<À.>@;�*@Ï¿@ŵŠA� 
340Ɓ10ƌ350�m/s� 
ŋėĿ B$ŀ'ù²ý f2A�ŵĘ$ī²/PÏ¿@nju��±Ĉ@æ#N� 

� � !2 = %% − &S ! = 350350 − 20 × 400 = 424.2〔Hz〕� � 424Hz 

�ņŖ� 
�Á#�Ź@<%AŵŠ$Þ+'�ŝ�Ź@<%AŵŠ$Ô%'>P� 
�ŵĘAŋėĿ A#NŨ,#7:"O�ŵĘ@ŠåAŔ@�Ƃ20m/s<>P� 
�ŵĘAŋėĿ B?Ŝ9�:"O�ŵĘ@ŠåAď@� 20m/s<>P� 
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ĀIāÁ@ī²@<% 
ĀIāÁ@nju��±Ĉ;A�ŠåT��Ŝ9* �Ũ,#R <-:�Pô©�<�2Q

?F74'Ű�->�ô©�?S(P*<$xW�m<>P� 
 

 

 

 

 

 

 

 

 
ŋėĿ$ŀ'ŵ@ù²ýA 

f ’ = !! −$s cos / f0 

 

 

 

 

 
�ŋėĿTşOŤ&4ëTľ!:GM � 
(�Ë) 

 ŋėĿ$ŀ'ŵ@ù²ýA 

f ’ = V 
 

 
 
 
 
  
 

��� ���� � � � � � � � � � � � VƊ !! +#s sin " f0 

(��>/.17<�� 

cos����������� OK) 

vs 

ŴĎ 

� <0�7/6�25�
4��9�%�� 

 
� ;)�&8�:�	
,&���!#$'.

�*�3��� 
 ŋėĿ 

vs 

ŴĎ 

ŋėĿ 

vs@Ŝ9*  
</Pô© vscos� 

.����� 
0!
��%# 

� 

vs 

ŴĎ 

ŋėĿ 

vs 
/	��%# vssin� 

� 
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ÇŸ 7� ĀIāÁ@nju��±Ĉ  

Ë@M ?�ě OT�í<-4µê R@§Å�;�ŵĘ$�ù

²ý f @ŵT¨->$N�Š+ v ;ĂōFSO?ĲŠ§ţ²T

-:�P�*@ŵĘ#NĥĢ/PŵĔT�ě O#Nŗų LA>

Q4ě P;ŋė-4�§Å�@ě A�B�C�D�E�F;ŵĘ
#Nĥ1NQ4ŵĔ$�ě P;ŋė+QP<%@ù²ýT2Q3QĒIM�45-�ŵŠT
V<-�Vƍv</P� 
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ÇŸ 7 Ōĳ AƊ %% + & !�BƊ %% + (√(2 + *2 & !�CƊ!     DƊ %% − (√(2 + *2 & !�EƊ %% − & !�FƊ! 
ÇŸ 7 ŌŐ 
�A�� ħĹ APāÁ@Šåô©Tľ!P<�ŵĘA�Š+ v;ŋ

ėĿ#NŨ,#7:�P(Ë 1)�ě A;ĥ1NQ4ŵ$ě P;ŋ
ė+QP<%@ù²ýT fA </P<�ŵĘ$ī²/PÏ¿@n

ju��±Ĉ@æ#N� 

� !A = %% + &S ! = %% + & ! 

�E�� ħĹ EPāÁ@Šåô©Tľ!P<�ě A@Ï¿<Ş?�ŵĘA�Š+ v;ŋėĿ

?Ŝ9�:�P(Ë 1)�-4$7:�ě E;ĥ1NQ4ŵ$ě P;ŋė+QP<%@ù²
ý fEA� 

� !Eƌ %% − & ! 

�B�� ħĹ BPāÁ@Šåô©Tľ!P�Ë 2@M ?� 
∠BPOƌ�</P<�ŵĘAŠ+ vcos�;ŋėĿ#NŨ,#7
:�P�-4$7:�ě B;ĥ1NQ4ŵ$ě P;ŋė+QP
<%@ù²ýT fB</P<�ŵĘ$ī²/PÏ¿@nju��

±Ĉ@æ#N� 

� � !B = %% − &S ! = %% − (−&cos∅) ! = %% + (
*(2 + *2 & ! 

�D�� ħĹ DPāÁ@Šåô©Tľ!P�∠DPOƌ�;�O�ě B@Ï¿<AŞ?�ŵĘ
A vcos�;ŋėĿ?Ŝ9�:�P�-4$7:�ě D;ĥ1NQ4ŵ$ě P;ŋė+Q
P<%@ù²ý fDA� 

� � !D = %% − (
*(2 + *2 & ! 

�C�F�� ŵĘ<ŋėĿTķDāÁ@Šåô©A 0>@;�nju��±ĈA"*N0�ŋ
ėĿ$ŋė/Pù²ýA�f 
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ç√ 

 

·ġ@Ý¨@¬qh��90� 3;5�
�?����������48�� !����������AB+@����� 
k�y;@·ġ@Ý¨<¬qh��@Ý¨TĶ�-:"%F/� 
ÇŸ 95 t = 0<�ò@Ăů t = tTđŚ-:ĒIPnju��±Ĉ 
��@ĭČ?£Pũª>æTĳ!M� 

�ŵĘ$ vs;Ŝ9'
ƃƃƃ

Ï¿� t = 0;ŵĘ$áTĥĢ+14</P� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
X?8�: 
ŵĘA�ù²ý f0@ŵT¨-:�P@;�1Īů? f0�@ĔT¨-:�P<�!P�M7:�

t�s�ů;5/Ĕ@ýAX�<�!P� 
 
Ò³/PĔŮ�’?8�: 
+:�ŋėĿ?Á#7:�PĔ@¤Ů(V
W)�m�?�¤ū;X�@Ĕ$�P@;�Ƅ�© 

@Ĕ@Ů+A�Z� � � � �     �m�<�!P�*Q$�Ò³ë@ĔŮ�’<�!P� 
 
Ò³ë@ŵ@ĔŮ f ’?8�: 
ĔŮ$�’?ÒS74ŵĔT¼(»P@;�ŋėĿ$ŀ'ŵ@ù²ý f ’A v = f�MO 

f ’ = [                �Hz� 
 

 

ç√ 
ŵĘ 

t = 0;¨-4á(ĚŃ@§�ŵŠ Vſ 

(t = 0) 

t = 0;¨-4á 
žĚŃ@§ſ 

(t = t) 

t = t;¨-4á 
žX� � �   �Ħ@áſ 

ŵĘA W� � � � � �m�ŢH 

vs 

tĪë 

1�Ħ@áA V� � � � �m�ŢH 

 

ŋėĿ?Á# Ĕ@¤ŮA(V
W)�m� 
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�ŋėĿ$ vo (&"#*);Ŝ9'
ƃƃƃ

Ï¿� t = 0;ŋėĿ?ă«@Ĕ$Ŧ-4</P� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 t�s�ů;ŋėĿTşŤ-4Ĕ@�ýTľ!P� 
ĔŮT�</P<�t�s�ů;ŋėĿTşŤ-4Ĕ@�ýA�Ĕ@¤Ů$^�m�;�Ĕ 18
�4O$�0�m�>@; _� � � � � � � �� <�!P� 
 
ŋėĿ$ŀ'ŵ@ù²ý?8�:ľ!P� 

ŀ'ŵ@ù²ýA�1Īů?şŤ-4Ĕ@�ý<�!P@; `� � � �  �   �Hz�<�!P� 

v = f�MO��0 = !"0 <�!P@;�*QT`?�£/P< a� �    � �  �Hz�<>P� 

ÇŸ 95 Ōĳ� VƊ Vt    WƊvst  XƊf0t   ZƊ! −$s&0  ( = !0−$s0&00  )   [ : !! −$s f0 

\Ɗ Vt    ]Ɗvot  ^ƊVt+vot  _Ɗ!0+$o0
!0   ` : ! +$o

!0  ( = !0−$o0
!00  )  a : ! −$o!  f0 

 

(t = t) 

 

√ 

(t = 0) 

vO 

tĪë 

t = 0;ŋėĿ?Ŧ-4á 
žĚŃ@§�ŵŠ Vſ 

√ 

vO 

ŋėĿ$ŢU5ŗų 
] =              �m� 

t = 0;ŋėĿ?Ŧ-4ŵ
žĚŃ@§ſ$ŢU5ŗų 
\ =           �m� 

t�s�ů;ŋėĿ$ŀ�4Ĕ
@¤Ů 
^ =              �m� 
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��!#$'.��� 
nju��±ĈA�¦Ú$Ó'ŇŲ?ŉ!F/�-#-�Ƅ8Ƅ8@w�~�{$ß>��

Ĩ�¶¡$4'+U�PM >Ċš?>7:�F/� 
xW�mTÔF<I?ŉ0?���@M ?Ƅ808´¬->$NiYj^-:�%�þġ

-:�%F-L � 
 
� ŵĘ$²'Ï¿;�Ò³ë@ĔŮTĒIP*<$;%P�žk�yƅſ 
� ŵĘ$²'Ï¿<�ŋėĿ$²'Ï¿�=6NJ²'Ï¿;�Ò³ë@ù²ýT·ġ?ì
7:ĒIP*<$;%P�(k�yƅ� k�yƆ� k�yƇ) 
� Ğċ$��@¥æ;Ò³ë@ù²ýT¨/*<$;%P�(k�yƈ) 
� ºÜć$�P<%@nju��±ĈTōĴ;%P�(k�yƉ) 
� Ź$�P<%@nju��±Ĉ@ōĴ$;%P�(k�yƉ) 
� ĀIāÁ@ŠåTJ8<%@nju��±Ĉ@ōĴ$;%P�k�yƉ) 
 
 
"F( nju��±Ĉ;ĔŮTĒIPű@Ņö 
�!B�č@M >ÇŸ;A�Ò³ë@ĔŮ$ŀ#Q:�P� 
 
ÇŸ 7 ŵĘ$²'nju��±Ĉ 
ŴĎ-:�PŋėĿ?Á#7:�Ł²ř$ 20 m/s;Ŝ9%>$
N�160 Hz@ŒİT 10 sŻN-4�ŵŠT 340 m/s</P� 
(1) ŋėĿ$ŀ'ŵ@ĔŮA�'N#� 
(2) ŋėĿ$ŀ'ŵ@ù²ýA�'N#�  
(3) ŋėĿA�Ł²ř@ŒİT� sůŀ'#��                    

F0AŌ�:GM � 
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ÇŸ 7 ŌŐ 
(1)@ĔŮT¨/űA�nju��±Ĉ@·ġ?ì7:�Ë-:ōĴ/P@$Ğť5$�·
ġ$S#N0�Ğċ$��@¥æ5(S#P�<� Ï¿A¢?(2)TĒI:-F" � 

,�(2) ŌŐ 

ŵĘ$Ŝ9�:�P@;�vsAŵTź'/P±Ĉ$�O�¥æ f ’ = f0 � !  ◯ $o!  ◯ $s  @ vs@

ı¾AyWod;�P<S#PžvoA 0;�Pſ�M7:� 

f ’ = f0 � !! −$s = 160 � 340340−20 = 170 Hz 

7�(1) ŌŐ 
ŋėĿ$ŀ�:�Pŵ@ù²ý$ 170 Hz>@;�Ĕ@æ v = f�#NŋėĿ?à'ŵ@Ĕ
ŮTōĴ/P<� 

�’ = $"′ = 340170 = 2.0 m     *@M ?�·ġ?Ł�$>':JŌ(P�žŪť;�P�ſ 

�==���+�-
�#�!���== 
*@Ūť@Ō%ā;ĕò$îň>@$�ŋėĿJ²�:�PÏ¿

ƃƃƃƃƃƃƃƃƃƃƃ
;�P� 

�?�ŋėĿJ 20 m/s;Ŝ9�:�P<%?�Ūť@Ō%āT-:-F <�č@M ?
>P� 

f ’ = f0 � ! +$o! −$s  = 160 � 340+20340−20 = 180 Hz 

�’ = $"′ = 340180 = 1.88� = 1.9 m 

������	�
�� 
ŋėĿ@²% voAŵ@ĔŮ@Ò³?ŰSN>�@;�ŋėĿ$²�:J�Ò³ë@ĔŮA

¡@ÇŸ@ōĴķĈ<À. 2.0 m?>PŽŽžŵĘ5($²�:�P<%<�ĸſ 
 
ŪťT� űA�ŋėĿ$²�:�:J voT 0<-: f ’T¨-�2*#N�TŞĴ/P� 
<� @$xW�m;�P� 
 
	���	��(3) ŌŐ 
(3)A�ezo�@ŌŐ;AĔ@�ýTý!PM >Ōē?>7:�P��ù²ý$ f0�<�

 @A��1Īů? f0�@ĔT¨-:�P�<� òÆ;�O� 
(ŵĘ$¨/ŵ@Ĕ@�ý) = (ŋėĿ$ŀ'ŵ@Ĕ@�ý)� � � <� ĮæT/P�M7: 

f0 t     =        f ’t’    
160�10   =     170 �t ’     <>P� 


