
 

 
  

 

 

 

 

 

 

 
 

 

 
 

 

 
 



 

 
  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

https://www.amazon.com/Robert-Resnick/e/B001H6MBWG/ref=dp_byline_cont_book_1


 

 
  

 

 

 

 

 

 

 
 

 

 

 



 

 
  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



 

 
  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

  



 

 
  

 

 

 

 

 

 

 
 

 

 

 

 

28.38 𝑚𝑖𝑛



 

 
  

 

 

 

 

 

 

 
 

 

 

14.24 𝑔

1.999 𝐿

1.0448 × 1019𝑒−

 

𝐶𝑢+2          +          2𝑒−         →           𝐶𝑢0

𝑚

𝑀
 ∙ 𝑧 =  

𝐼 ∙ 𝑡

𝐹



 

 
  

 

 

 

 

 

 

 
 

 

 

𝑚

𝑀
= 

𝑧
𝐼
𝑡
𝐹

𝐹 ∙
𝑚

𝑀
 ∙ 𝑧

𝐼
=  𝑡

𝑡 =  
96490

𝐴

𝑠
∙  

5.67 𝑔

63.55 𝑔
 ∙ 2

10.11 𝐴

𝑡 = 1,702.65 𝑠 = 28.38 𝑚𝑖𝑛

→

1 𝑚𝑜𝑙 𝐶𝑢

63.55 𝑔 𝐶𝑢
 ∙ 5.67 𝑔 𝐶𝑢 = 0.0892 𝑚𝑜𝑙

𝑀 =
𝑛

𝑉

𝑛 = 𝑀 ∙ 𝑉

𝑛 = 4
𝑚𝑜𝑙𝑒𝑠

𝐿
 ∙

1 𝐿

1000 𝑚𝐿
∙ 90 𝑚𝐿 = 0.36 



 

 
  

 

 

 

 

 

 

 
 

 

 

159.609 𝑔 

1 𝑚𝑜𝑙 𝐶𝑢𝑆𝑂4
 ∙ 0.0892 𝑚𝑜𝑙 = 14.24 𝑔  

𝑃 ∙ 𝑉 = 𝑛 ∙ 𝑅 ∙ 𝑇
 

𝑉 =  
𝑛 ∙𝑅∙𝑇

𝑃
=  

0.0892 𝑚𝑜𝑙 ∙0.08206 
𝑎𝑡𝑚∙𝐿

𝑚𝑜𝑙 ∙𝐾
 ∙273.15 𝐾

1 𝑎𝑡𝑚
= 1.999 𝐿

𝑅 =  𝜌 ∙
𝑙

𝑆
= 1.68 × 10−8Ω ∙ 𝑚 ∙

20 𝑚

𝜋(0.00115 𝑚)2
=  8.08 × 10−2Ω

𝐼 =
∆𝑉

𝑅
=  

0.15𝑉

8.08 × 10−2Ω
=  1.86 𝐴

1.86
𝐶

𝑆
∙

1𝑒−

1.6022 × 10−19𝐶
= 1.1609 × 1019

𝑒−

𝑠



 

 
  

 

 

 

 

 

 

 
 

 

 

1.1609 × 1019𝑒−

1 𝑠
 ∙ 0.9 𝑠 = 1.0448 × 1019𝑒−



 

 
  

 

 

 

 

 

 

 
 

 

 

𝑣(𝑡) = 𝑘 ⋅ 𝑒−0.1𝑡

𝑣(𝑡)

𝑘

𝑘 = 2 

19.004 

𝑟1 = 1.15 
𝑟2 = 3.5 

 ℎ = 20 
𝑉 ≈ 2.22 × 10−4  3

𝑥(𝑡) = 𝑟 cos(𝑡) ,  𝑦(𝑡) = 𝑟 sen(𝑡) ,  𝑧(𝑡) =
𝐿

2π
𝑡

𝒕 ∈ [𝟎, 𝟐𝛑]

𝐿 ≈ 19.96 



 

 
  

 

 

 

 

 

 

 
 

 

 

𝑣(𝑡) = 𝑘 ⋅ 𝑒−0.1𝑡

𝑣(𝑡)

 𝑘 

𝑘 = 2 

 𝑣(𝑡)

𝑄 = ∫ 2
30

0

⋅ 𝑒−0.1𝑡  𝑑𝑡

𝑄 = [−
2

0.1
𝑒−0.1𝑡]

0

30

𝑄 = [−20𝑒−0.1𝑡]0
30 = −20(𝑒−3 − 1)

(𝑒−3 ≈ 0.0498)

𝑄 = −20(0.0498 − 1) = −20(−0.9502) ≈ 19.004 

𝑄 ≈ 19.004 



 

 
  

 

 

 

 

 

 

 
 

 

 
𝑟1 = 1.15  𝑟2 = 3.5   ℎ = 20 

𝒓𝟏 𝑦 𝒓𝟐  𝑦 

  𝑦 

𝑟(𝑦) = 𝑟1 +
(𝑟2−𝑟1)

ℎ

𝑟1 = 1.15 
𝑟2 = 3.5 
ℎ = 20 



 

 
  

 

 

 

 

 

 

 
 

 

 

 ℎ 

𝑉 = π ∫ (𝑟(𝑦))
2

ℎ

0

 𝑑𝑦

𝑟(𝑦)

𝑉 = π ∫ (𝑟1 +
(𝑟2 − 𝑟1)

ℎ
𝑦)

2ℎ

0

 𝑑𝑦

(𝑟1 +
(𝑟2 − 𝑟1)

ℎ
𝑦)

2

= 𝑟1
2 + 2𝑟1

(𝑟2 − 𝑟1)

ℎ
𝑦 + (

(𝑟2 − 𝑟1)

ℎ
)

2

𝑦2

𝑉 = π [𝑟1
2𝑦 + 𝑟1

(𝑟2 − 𝑟1)

ℎ
𝑦2 +

(𝑟2 − 𝑟1)2

3ℎ2
𝑦3]

0

ℎ

 𝑦 =  0) 𝑦 =  ℎ

𝑉 = π [𝑟1
2ℎ + 𝑟1(𝑟2 − 𝑟1)ℎ +

(𝑟2 − 𝑟1)2

3
ℎ]

𝑟1 = 1.15  = 0.0115 
𝑟2 = 3.5  = 0.035 
ℎ = 0.20 



 

 
  

 

 

 

 

 

 

 
 

 

 

𝑉 = π [(0.0115)2(0.20) + 0.0115(0.035 − 0.0115)(0.20) +
(0.035 − 0.0115)2

3
(0.20)]

𝑉 ≈ π[2.645 × 10−6 + 5.29 × 10−5 + 1.51 × 10−5]

𝑉 ≈ π × 7.065 × 10−5  3

𝑉 ≈ 2.22 × 10−4  3

𝑉 ≈ 2.22 × 10−4  3

𝑥(𝑡) = 𝑟 cos(𝑡) ,  𝑦(𝑡) = 𝑟 sen(𝑡) ,  𝑧(𝑡) =
𝐿

2π
𝑡

𝑡 ∈ [0,2π]

𝐿 = ∫ √(
𝑑𝑥

𝑑𝑡
)

2

+ (
𝑑𝑦

𝑑𝑡
)

2

+ (
𝑑𝑧

𝑑𝑡
)

22π

0

 𝑑𝑡



 

 
  

 

 

 

 

 

 

 
 

 

 

𝑑𝑥

𝑑𝑡
= −𝑟 sen(𝑡) ,  

𝑑𝑦

𝑑𝑡
= 𝑟 cos(𝑡) ,  

𝑑𝑧

𝑑𝑡
=

𝐿

2π

𝐿 = ∫ √𝑟2 + (
𝐿

2π
)

22π

0

 𝑑𝑡

𝐿 = √𝑟2 + (
𝐿

2π
)

2

∫ 1
2π

0

 𝑑𝑡 = √𝑟2 + (
𝐿

2π
)

2

⋅ 2

𝑟 = 1.15 × 10−3    ;   𝐿 = 20 

𝐿 = 2π√(1.15 × 10−3)2 + (
20

2π
)

2

𝐿 ≈ 2π√1.3225 × 10−6 + 10.13 ≈ 2π × 3.18 ≈ 19.96 

𝐿 ≈ 19.96 



 

 
  

 

 

 

 

 

 

 
 

 

 

25𝑘𝑔
15°

30°

2 𝑚
𝑠2⁄

𝑃 ≈ 181.63𝑁



 

 
  

 

 

 

 

 

 

 
 

 

 25𝑘𝑔 15°
30°

2 𝑚
𝑠2⁄

𝑚 = 25𝑘𝑔
𝜃 = 15°
𝛼 = 30°
𝜇𝑘 = 0.3

𝑎 = 2 𝑚
𝑠2⁄

𝐹 = 𝑚𝑎



 

 
  

 

 

 

 

 

 

 
 

 

 

∑ 𝐹𝑥 = 𝑚𝑎𝑥

∑ 𝐹𝑦 = 𝑚𝑎𝑦

∑ 𝐹𝑥 = 𝑚𝑎𝑥

∑ 𝐹𝑦 = 0



 

 
  

 

 

 

 

 

 

 
 

 

 



 

 
  

 

 

 

 

 

 

 
 

 

 

𝑃𝑦 = 𝑃𝑠𝑒𝑛𝛼

𝑃𝑥 = 𝑃𝑐𝑜𝑠𝛼
𝑊𝑦 = 𝑊𝑐𝑜𝑠𝜃

𝑊𝑥 = 𝑊𝑠𝑒𝑛𝜃

𝜇𝑘 =
𝐹𝑓

𝐹𝑁

∑ 𝐹𝑥 = 𝑚𝑎𝑥



 

 
  

 

 

 

 

 

 

 
 

 

 

∑ 𝐹𝑥 = 𝑃𝑐𝑜𝑠𝛼 − 𝐹𝑓 − 𝑊𝑠𝑒𝑛𝜃 = 𝑚𝑎𝑥

∑ 𝐹𝑦 = 0

∑ 𝐹𝑦 = 𝐹𝑁 + 𝑃𝑠𝑒𝑛𝛼 − 𝑊𝑐𝑜𝑠𝜃 = 0

𝐹𝑓 = 𝜇𝑘𝐹𝑁

𝐹𝑁

𝐹𝑁 = 𝑊𝑐𝑜𝑠𝜃 − 𝑃𝑠𝑒𝑛𝛼

𝐹𝑓 = 𝜇𝑘(𝑊𝑐𝑜𝑠𝜃 − 𝑃𝑠𝑒𝑛𝛼)

𝑃𝑐𝑜𝑠𝛼 − 𝜇𝐾(𝑊𝑐𝑜𝑠𝜃 − 𝑃𝑠𝑒𝑛𝛼) − 𝑊𝑠𝑒𝑛𝜃 = 𝑚𝑎𝑥

𝑃𝑐𝑜𝑠𝛼 − 𝜇𝐾𝑊𝑐𝑜𝑠𝜃 + 𝜇𝐾𝑃𝑠𝑒𝑛𝛼 − 𝑊𝑠𝑒𝑛𝜃 = 𝑚𝑎𝑥

𝑃(𝑐𝑜𝑠𝛼 + 𝜇𝑘𝑠𝑒𝑛𝛼) = 𝑚𝑎𝑥 + 𝑊(𝜇𝑘𝑐𝑜𝑠𝜃 + 𝑠𝑒𝑛𝜃)

𝑃 =
𝑚𝑎𝑥 + 𝑊(𝑠𝑒𝑛𝜃 + 𝜇𝑘𝑐𝑜𝑠𝜃)

𝜇𝑘𝑠𝑒𝑛𝛼 + 𝑐𝑜𝑠𝛼



 

 
  

 

 

 

 

 

 

 
 

 

 

𝑚 = 25𝑘𝑔
𝜃 = 15°
𝛼 = 30°
𝜇𝑘 = 0.3

𝑎 = 2 𝑚
𝑠2⁄

𝑃 =
(25𝑘𝑔)(2 𝑚

𝑠2⁄ ) + ((25𝑘𝑔)(9.81 𝑚
𝑠2⁄ ))(𝑠𝑒𝑛(15°) + (0.3)cos (15°))

(0.3)𝑠𝑒𝑛(30°) + cos (30°)
≈ 181.63𝑁


