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14.7.
a) 𝑇 = 1

𝑓� = 0.167 𝑠   
   

b) 𝜔 = 2𝜋𝑓 = 37.7 𝑟𝑎𝑑  
c) 𝑚 = 𝑘

𝜔2 = 0.0844 𝑘𝑔 
 

14.9. 𝑥(𝑡) = 𝐴 cos𝜔𝑡 

a) 𝑥(𝑡) = 0.160 𝑚 ⇒ cos𝜔 𝑡 = 0.160
0.320

= 1
2
⇒ 𝜔𝑡 = 𝜋

3
⇒ 𝑡 = 𝜋

3𝜔
= 𝜋𝑇

6𝜋
= 𝑇

6
= 0.150 𝑠 

b) 𝑥(𝑡) = 0 ⇒ cos𝜔 𝑡 = 0 ⇒ 𝜔𝑡 = 𝜋
2
⇒ 𝑡 = 𝜋

2𝜔
= 𝜋𝑇

4𝜋
= 𝑇

4
= 0.225 𝑠  

 0.225 − 0.150 = 0.075 𝑠 
 

14.24. 𝐸 = ½𝑚𝑣𝑥2 + ½𝑘𝑥2 = ½𝑘𝐴2        𝑇 = 2𝜋�𝑚
𝑘

  

 𝑣𝑥 = �𝑘
𝑚
∙ (𝐴2 − 𝑥2) = 2𝜋

𝑇
�(𝐴2 − 𝑥2) = 0.377 𝑚/𝑠 

 𝑎𝑥 = 𝐹𝑥
𝑚

= −𝑘𝑥
𝑚

= −4𝜋2𝑥
𝑇2

= −0.617 𝑚
𝑠2

 
 
14.27. 𝐸 = 1

2
𝑘𝐴2 = 1

2
𝑚𝑣𝑥2 + 1

2
𝑘𝑥2                  − 𝑘𝑥 = 𝑚𝑎𝑥  

a) 𝑣𝑥,𝑚𝑎𝑥 = 𝜔𝐴 = �𝑘
𝑚
∙ 𝐴 = 1.20 𝑚/𝑠  

b) 𝑣𝑥 = �𝑘
𝑚
∙ (𝐴2 − 𝑥2) = ±1.11 𝑚/𝑠 

c) 𝑎𝑥,𝑚𝑎𝑥 = 𝜔2𝐴 = 𝑘
𝑚
𝐴 = 36 𝑚/𝑠2  

d) 𝑎𝑥 = −𝑘𝑥
𝑚

= +13.5 𝑚/𝑠2 

e) 𝐸 = 1
2
𝑘𝐴2 = 0.360 𝐽 
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15.6 
a) 𝑣 = 𝜆

𝑇
= 6.0

5.0
= 1.2 𝑚/𝑠   

 
b) 𝐴 = 0.62

2
= 0.31 𝑚 

 
c) 𝐴𝑙𝑙𝑡 𝑏𝑙𝑖𝑟 𝑑𝑒𝑡𝑠𝑎𝑚𝑚𝑎 𝑢𝑡𝑜𝑚 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒𝑛 𝑠𝑜𝑚 𝑏𝑙𝑖𝑟 0.15 𝑚   
 
15.8 𝑦(𝑥, 𝑡) = 𝐴 cos 2𝜋 �𝑥

𝜆
− 𝑡

𝑇
�  

a) 𝐴 = 6.50 𝑚𝑚 
b) 𝜆 = 28.0 𝑐𝑚 
c) 𝑓 = 1

𝑇
= 27.8 𝐻𝑧 

d) 𝑣 = 𝑓𝜆 = 𝜆
𝑇

= 7.78 𝑚/𝑠 
e) − 𝑓𝑟𝑎𝑚𝑓ö𝑟 𝑡𝑖𝑑𝑠𝑡𝑒𝑟𝑚𝑒𝑛 ⇒ 𝑙ä𝑛𝑔𝑠 𝑑𝑒𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑎 𝑥-𝑎𝑥𝑒𝑙𝑛 
 
 



15.19 𝜇 = 0.0165
0.750

𝑘𝑔/𝑚  

a) 𝑣 = �𝐹
𝜇

= 𝑓𝜆 ⇒ 𝐹 = 𝜇(𝑓𝜆)2 = 18.7 𝑁 

b) 𝑣 = 𝑓𝜆 = 29.1 𝑚/𝑠 
 

15.23 𝑃𝑎𝑣 = 1
2
𝜇(𝜔𝐴)2𝑣 = 𝐹(𝜔𝐴)2

2𝑣
⇒ 𝐴 = �2𝑣𝑃𝑎𝑣

𝐹𝜔2 = 4.51 𝑚𝑚  

15.40 𝑓𝑛 = 𝑛𝑣
2𝐿

;      𝜆𝑛 = 2𝐿 𝑛�  

a) 𝑓1 = 𝑣
2𝐿

= 16.0 𝐻𝑧;      𝜆1 = 2𝐿 = 3.00 𝑚 

b) 𝑓3 = 3𝑓1 = 48.0 𝐻𝑧;      𝜆3 = 𝜆1
3� = 1.00 𝑚   

c) 𝑓4 = 4𝑓1 = 64.0 𝐻𝑧;      𝜆4 = 𝜆1
4� = 0.75 𝑚   

 
15.49 
a) 𝑣 = 2𝐿𝑓1 = 311 𝑚/𝑠 

b) 𝑣 = �𝐹
𝜇

 𝑜𝑚 𝐹 ö𝑘𝑎𝑟 𝑚𝑒𝑑 1% ö𝑘𝑎𝑟 𝑣 𝑚𝑒𝑑 𝑒𝑛 𝑓𝑎𝑘𝑡𝑜𝑟 √1.01 𝑜𝑐ℎ 𝑑ä𝑟𝑚𝑒𝑑 ä𝑣𝑒𝑛 𝑓1    

 𝑓1′ = 𝑓1 ∙ √1.01 = 246 𝐻𝑧 
c) 𝑣 = 𝑓𝜆  𝑓𝑟𝑒𝑘𝑣𝑒𝑛𝑠𝑒𝑛 𝑝å𝑣𝑒𝑟𝑘𝑎𝑠 𝑖𝑛𝑡𝑒 ⇒ 𝜆𝑙𝑢𝑓𝑡

𝜆
= 𝑣𝑙𝑢𝑓𝑡

𝑣
 ⇒ 𝜆𝑙𝑢𝑓𝑡 = 1.40 𝑚 
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16.15 𝐵𝑙𝑢𝑓𝑡 = 1.42 ∙ 105 𝑃𝑎;      𝜌𝑙𝑢𝑓𝑡 = 1.20 𝑘𝑔/𝑚3 

a) 𝐼 = 1
2
𝜌(𝜔𝐴)2𝑣 = 1

2�𝜌𝐵(𝜔𝐴)2 ⇒ 𝐴 = �
2𝐼

�𝜌𝐵𝜔2 = 9.44 ∙ 10−11 𝑚;     𝜆 = 𝑣
𝑓

= 1
𝑓 �

𝐵
𝜌

= 0.434 𝑚 

b) 𝐴 = �
2𝐼

�𝜌𝐵𝜔2 = 5.64 ∙ 10−9 𝑚 

 𝜆 = 1
𝑓 �

𝐵
𝜌

= 0.101 𝑚 

c) De mycket tätare vattenmolekylerna behöver en mindre amplitud för att överföra  
 samma mängd energi. 
 
16.26 𝑓𝑛 = 𝑛𝑣

2𝐿
;      𝜆𝑛 = 2𝐿 𝑛�      ö𝑝𝑝𝑒𝑛 𝑝𝑖𝑝𝑎     

 𝑓𝑛 = 𝑛𝑣
4𝐿

;      𝜆𝑛 = 4𝐿 𝑛�       𝑛 𝑢𝑑𝑑𝑎    𝑠𝑙𝑢𝑡𝑒𝑛 𝑝𝑖𝑝𝑎 
 𝑣 = 344 𝑚/𝑠 
a) 𝐿 = 𝑣

2𝑓1
= 28.9 𝑐𝑚 

b) 𝜆1 = 4𝐿 = 1.16 𝑚  
c) 𝑓1 = 𝑣

4𝐿
= 297 𝐻𝑧 

 
16.36 𝑣 = 344 𝑚/𝑠 

 |𝑟𝐴 − 𝑟𝐵| = (𝑛 + ½)𝜆;     𝜆 = 𝑣
𝑓

 ⇒ |𝑟𝐴 − 𝑟𝐵| = 2.00 ∙ (𝑛 + ½) 

 𝑀𝑖𝑛𝑠𝑡𝑎 𝑣ä𝑟𝑑𝑒𝑡 𝑝å 𝑟𝐵  ℎ𝑖𝑡𝑡𝑎𝑠 𝑑å 𝑟𝐵 <  𝑟𝐴 ⇒ 𝑟𝐵 = 𝑟𝐴 − 2.00 ∙ (𝑛 + ½) 
 𝑀𝑖𝑛𝑠𝑡𝑎 𝑣ä𝑟𝑑𝑒𝑡 𝑝å 𝑟𝐵  ℎ𝑖𝑡𝑡𝑎𝑠 𝑛ä𝑟 𝑛 = 3 ⇒ 𝑟𝐵 = 1.00 𝑚    
 
 

 



16.40 𝑣 = 344 𝑚/𝑠 

 𝑓 = 𝑣
 𝜆

        𝑓𝑏𝑒𝑎𝑡 = |𝑓𝐴 − 𝑓𝐵| = � 𝑣
𝜆𝐴
− 𝑣

𝜆𝐵
� = 16.2 𝐻𝑧     

 
16.45  𝑓′ = 𝑓 ∙ 𝑣−𝑣𝐿

𝑣−𝑣𝑆
       𝑣 = 344 𝑚/𝑠 

a) 𝑓′ = 392 ∙ 344−15.0
344

= 375 𝐻𝑧  b) 𝑓′ = 392 ∙ 344+15.0
344+35.0

= 371 𝐻𝑧 
c)    𝑓𝑏𝑒𝑎𝑡 = |𝑓𝑎 − 𝑓𝑏| = 4 𝐻𝑧  
 
16.49 𝑓′ = 𝑓 ∙ 𝑣−𝑣𝐿

𝑣−𝑣𝑆
       𝑣 = 344 𝑚/𝑠 

 𝑣 − 𝑣𝐿 = 𝑣 𝑓′

𝑓
⇒ 𝑣𝐿 = 𝑣 �1 − 𝑓′

𝑓
� = 19.8 𝑚/𝑠    

 
16.50  𝑓′ = 𝑓 ∙ 𝑣−𝑣𝐿

𝑣−𝑣𝑆
       𝑣 = 344 𝑚/𝑠   

a)  𝑓′ = 262 ∙ 344+18
344−30

= 302 𝐻𝑧       b) 𝑓′ = 262 ∙ 344−18
344+30

= 228 𝐻𝑧 
 
16.55  𝑣 = 344 𝑚/𝑠;       𝑣𝑆 = 1.70 ∙ 𝑣   
 
a) sin𝛼 = 𝑣

𝑣𝑆
⇒  𝛼 = sin−1 1

1.70
= 36.0° 

 
b) tan𝛼 = 𝐻

𝑥
⇒ 𝑥 = 𝐻

tan𝛼
         Δ𝑡 = 𝑥

𝑣𝑆
= 𝐻

1.70∙𝑣 tan𝛼
= 2.24 𝑠 
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35.9 𝑑 sin 𝜃 = 𝑚𝜆;       ≫ 𝑦 ⇒ sin𝜃 ≈ tan𝜃 = 𝑦𝑚
𝑅

     ⇒      𝑑 = 20∙𝜆𝑅
𝑦20

= 1.14 𝑚𝑚   

 �𝜃 = tan−1 𝑦𝑚
𝑅

= 0.51° ä𝑟 𝑒𝑛 𝑙𝑖𝑡𝑒𝑛 𝑣𝑖𝑛𝑘𝑒𝑙;  tan 0.51° = 0.00883; sin 0.51° = 0.00883�  
 
35.10 𝑅 ≫ 𝑦 ⇒ 𝑦𝑚+½ = (𝑚+½)∙𝜆𝑅

𝑑
⇒ ∆𝑦 = 𝜆𝑅

𝑑
⇒ 𝑑 = 𝜆𝑅

∆𝑦
= 193𝜇𝑚  

35.11 𝑑 sin 𝜃 = (𝑚 + ½)𝜆;   𝑑 ≫ 𝜆 ⇒ 𝑦𝑚+½ = (𝑚+½)∙𝜆𝑅
𝑑

 ⇒  ∆𝑦 = 𝜆𝑅
𝑑

= 833𝜇𝑚   

35.16 𝑑 ≫ 𝜆 ⇒ 𝑦𝑚 = 𝑚𝜆𝑅
𝑑

   

 ∆𝑦1 = (𝜆1−𝜆2)𝑅
𝑑

= 3.17 𝑚𝑚 

35.25 𝐷𝑒𝑠𝑡𝑟𝑢𝑘𝑡𝑖𝑣 𝑟𝑒𝑓𝑙𝑒𝑘𝑡𝑖𝑜𝑛 (𝑏å𝑑𝑎 𝑟𝑒𝑓𝑙𝑒𝑘𝑡𝑖𝑜𝑛𝑒𝑟𝑛𝑎 𝑚𝑜𝑡 𝑡ä𝑡𝑎𝑟𝑒 𝑚𝑒𝑑𝑖𝑢𝑚) ⇒ 2𝑡 = (𝑚 + ½) 𝜆
𝑛

 

 𝑀𝑖𝑛𝑠𝑡 𝑜𝑚 𝑚 = 0 ⇒ 𝑡 = 𝜆
4𝑛

= 650
4∙1.42

= 114 𝑛𝑚  
35.36 
a) 𝑦1 = 𝑚 ∙ 𝜆1

2
= 818 ∙ 606

2
= 247854 𝑛𝑚 = 248 𝜇𝑚  

 𝑦2 = −𝑚 ∙ 𝜆2
2

= 818 ∙ 502
2

= −205318 𝑛𝑚 = −205 𝜇𝑚  
b) 𝑇𝑜𝑡𝑎𝑙 𝑓ö𝑟𝑓𝑙𝑦𝑡𝑡𝑛𝑖𝑛𝑔 248 − 205 = 43 𝜇𝑚  
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36.1 𝑎 sin𝜃 =𝑚𝜆;     = 1;    𝑅 ≫ 𝑦 ⇒ 𝜆 = 𝑎𝑦
𝑅

= 506 𝑛𝑚  

36.4 𝑎 sin𝜃 =𝑚𝜆;     = ±1;    𝑅 ≫ 𝑦 ⇒ ∆𝑦±1 = 2𝑅𝜆
𝑎

= 5.91 𝑚𝑚  
36.12 
a) 𝑎 sin𝜃 =𝑚𝜆;     = ±1;    𝑎 ≫ 𝜆 ⇒ ∆𝑦±1 = 2𝑅𝜆

𝑎
= 10.9 𝑚𝑚 

b) ∆𝑦1,2 = 𝑅𝜆
𝑎

= 5.43 𝑚𝑚  



 
36.15 
a) 𝑎 sin𝜃 =𝑚𝜆;     = 1;    𝑎 ≫ 𝜆 ⇒ 𝑦1 = 𝑅𝜆

𝑎
= 6.75 𝑚𝑚 

b) 𝐼 = 𝐼0
sin2�𝛽2�

�𝛽2�
2 ;    𝛽 = 2𝜋𝑎 sin 𝜃

𝜆
        

 𝑑𝑒𝑛 𝑠ö𝑘𝑡𝑎 𝑣𝑖𝑛𝑘𝑒𝑙𝑛 𝑔𝑒𝑠 𝑎𝑣    𝑎 sin𝜃 = ½𝜆 ⇒ 𝛽 = 2𝜋½𝜆
𝜆

= 𝜋 ⇒     

 𝐼 = 𝐼0
sin2�𝜋2�

�𝜋2�
2 = 𝐼0

4
𝜋2

= 2.43 ∙ 10−6 𝑊/𝑚2 

36.24 𝐼 = 𝐼0 �cos2 �𝜙
2
��

sin2�𝛽2�

�𝛽2�
2 ;     = 2𝜋𝑑 sin 𝜃

𝜆
;     𝛽 = 2𝜋𝑎 sin 𝜃

𝜆
  

 𝑅 ≫ 𝑦 ⇒ sin𝜃 ≈ tan𝜃 = 𝑦
𝑅
⇒ sin𝜃 = 0.0012   

 𝜙 = 2𝜋𝑑 sin 𝜃
𝜆

= 8.4956 𝑟𝑎𝑑;      𝛽 = 2𝜋𝑎 sin 𝜃
𝜆

= 5.7611 𝑟𝑎𝑑     

 𝐼 = 𝐼0 �cos2 �8.4956
2

��
sin2�5.7611

2 �

�5.7611
2 �

2 = 𝐼0 ∙ 0.2008 ∙ 0.0666
8.298

= 0.001612 ∙ 𝐼0 = 8.06 ∙ 10−7 𝑊/𝑚2 

36.29 

a) 𝑑 sin 𝜃 = 𝑚𝜆 ⇒ 𝑁 = 10−2

𝑑
= 10−2∙sin 𝜃

𝑚𝜆
= 4790 ritsar/cm 

 𝑑 = 𝑚𝜆
sin 𝜃

= 2.0856 𝜇𝑚 

b) 𝜃1 = sin−1 𝜆
𝑑

= 19.1°;     𝜃2 = sin−1 2𝜆
𝑑

= 40.8°;         

c) 𝜃4 = sin−1 4𝜆
𝑑

 𝑚𝑒𝑛 4𝜆
𝑑

= 1.31 > 1,𝑑. 𝑣. 𝑠. 4:𝑑𝑒 𝑜𝑟𝑑𝑛𝑖𝑛𝑔𝑒𝑛 𝑠𝑦𝑛𝑠 𝑖𝑛𝑡𝑒   
 
36.30 𝑑 sin 𝜃 = 𝑚𝜆 ⇒ 𝑑 = 3𝜆1

sin 𝜃1
   

 sin 𝜃2 = 2𝜆2
𝑑

= 2𝜆2 sin 𝜃1
3𝜆1

= 0.3453 ⇒ 𝜃2 = 20.2°  

36.37 
a)  𝑅1 = 𝑚𝑁 = 1 ∙ 3.50 ∙ 5.00 ∙ 103 = 17500 
b) 𝜆1 = 589.00 𝑛𝑚;    𝜆2 = 589.59 𝑛𝑚;     Δ𝜆 = 0.59 𝑛𝑚        
 𝜆

Δ𝜆
= 589

0.59
= 998 ≪ 17500   𝐺𝑖𝑡𝑡𝑟𝑒𝑡 𝑙ö𝑠𝑒𝑟 𝑙ä𝑡𝑡 𝑢𝑝𝑝 𝑙𝑖𝑛𝑗𝑒𝑟𝑛𝑎     

c) 𝑅2 = 2 ∙ 𝑅1 = 35000;      Δ𝜆 = 𝜆
𝑅2

= 0.0168 𝑛𝑚 

 𝜆 + Δ𝜆 = 587.8170 𝑛𝑚 (𝑖);           𝜆 − Δ𝜆 = 587.7834 𝑛𝑚 (𝑖𝑖)    
 587.7834 𝑛𝑚 < 𝜆 < 587.8170 𝑛𝑚 (𝑖𝑖𝑖)  
 
36.38 𝜆

Δ𝜆
= 587.8892

0.1780
= 3303 𝑑. 𝑣. 𝑠.𝑔𝑖𝑡𝑡𝑟𝑒𝑡 𝑚å𝑠𝑡𝑒 ℎ𝑎 𝑒𝑛 𝑢𝑝𝑝𝑙ö𝑠𝑛𝑖𝑛𝑔𝑠𝑓ö𝑟𝑚å𝑔𝑎 𝑝å 𝑚𝑖𝑛𝑠𝑡 3303  

 𝑅 = 𝑚𝑁 ⇒ 𝑔𝑖𝑡𝑡𝑟𝑒𝑡 𝑚å𝑠𝑡𝑒 ℎ𝑎 𝑚𝑖𝑛𝑠𝑡 3303 𝑟𝑖𝑡𝑠𝑎𝑟 ⇒ 3303
1.20

= 2752 𝑟𝑖𝑡𝑠𝑎𝑟 𝑐𝑚⁄  
 𝐷𝑒𝑡 𝑏𝑒ℎö𝑣𝑠 𝑚𝑖𝑛𝑠𝑡 2752 𝑟𝑖𝑡𝑠𝑎𝑟 𝑐𝑚⁄  
 
36.47 𝜃 = 1.22𝜆

𝐷
;  𝜃 ≈ 𝑡𝑎𝑛𝜃 = 𝑥

𝑅
⇒𝐷 = 1.22𝜆𝑅

𝑥
= 1.45 𝑚   

 


