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Chapter 1

Lab 7

1.1 Work

Question 1

®𝑟 ∈ ℝ ∴ 𝑡 ≥ 0 ∵ 𝑒
√
𝑡 ∉ ℝ 𝑡|𝑡 < 0

This corresponds with answer choice D

Question 2

∀𝑡 > 4, ®𝑟 · 𝑗 ∉ ℝ

ln(𝑡 − 1) is not defined ∀𝑡 ≤ 1

This corresponds with answer choice D

Question 3

®𝑟 · 𝑗 ∈ [−4, 4] ∧ ®𝑟 · 𝑖 ∈ [−3, 3]
d®𝑟
d𝑡

= ⟨−3 sin 𝑡 , 4 cos 𝑡⟩

d®𝑟
d𝑡 𝑡=𝜋

2

= ⟨−3, 0⟩ ®𝑟(0) = ⟨3, 0⟩ 𝑑𝑜𝑡𝑡𝑒𝑑

This corresponds with answer choice B

Question 4

This can be directly evaluated to:

⟨28,−49⟩
This corresponds with answer choice D
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Question 5

®𝑟 · 𝑗 is not defined for 𝑡 = 1 but the limit as 𝑡 → 6 can be evaluated without affecting the proceess

®𝑟 · 𝑖 is not defined for 𝑡 = 1 but the limit as 𝑡 → 6 can be evaluated without affecting the proceess

Using directevaluation:

⟨ 5

35
,−36 + 12 − 3

5
⟩ = ⟨ 17 ,−9⟩

This corresponds with answer choice B

Question 6

=⇒ ⟨0,−6⟩
This corresponds with answer choice B

Question 7

𝑒− ln 6 = 6−1 = 1
6

=⇒ lim
𝑡→ln 6

⟨6𝑒−𝑡 , 3𝑒−𝑡⟩ = ⟨1, 12 ⟩

This corresponds witha nswer choice B

Question 8

d®𝑟
d𝑡

= ⟨−14𝑡 , 13 𝑡2⟩

This corresponds with answer choice C

Question 9

d®𝑟
d𝑡

= ⟨− csc2 𝑡 ,− cot 𝑡 csc 𝑡⟩

This corresponds with answer choice A

Question 10

d®𝑟
d𝑡

= ⟨8𝑡𝑒 𝑡2 ,−3, 2𝑡⟩

This corresponds with answer choice B
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Question 11

d®𝑟
d𝑡

= ⟨18 1

6𝑡
, 6𝑡2⟩

d2®𝑟
d𝑡2

= ⟨−108
36𝑡2

, 12𝑡⟩⟨−3
𝑡2

, 12𝑡⟩

This corresponds with answer choice C

Question 12

d®𝑟
d𝑡

= ⟨15𝑡4 ,−60𝑡4 , 20𝑡4⟩

∥d®𝑟
d𝑡

∥

=
√
152 · 𝑡8 + 602 · 𝑡8 + 202 · 𝑡8

= 𝑡4
√
152 + 602 + 202 = 65𝑡4

𝑇̂ = ⟨1565 , −6065 , 2065 ⟩
This corresponds with answer choice B

Question 13

®𝑟(𝑡) = 6 sin3(2𝑡) 𝑖 + 6 cos3(2𝑡) 𝑗

d®𝑟
d𝑡

= ⟨36 sin2(2𝑡) cos(2𝑡), −36 cos2(2𝑡) sin(2𝑡)⟩

= 36 sin(2𝑡) cos(2𝑡) (sin(2𝑡) 𝑖 − cos(2𝑡) 𝑗)





d®𝑟d𝑡 



 = √
(36 sin2(2𝑡) cos(2𝑡))2 + (−36 cos2(2𝑡) sin(2𝑡))2

= 36
√
sin4(2𝑡) cos2(2𝑡) + cos4(2𝑡) sin2(2𝑡)

= 36
√
sin2(2𝑡) cos2(2𝑡)

= 36 | sin(2𝑡) cos(2𝑡)|

= 18 | sin(4𝑡)|

𝑇̂(𝑡) =
𝑑®𝑟
𝑑𝑡



𝑑®𝑟𝑑𝑡 



 =

36 sin(2𝑡) cos(2𝑡)(sin(2𝑡) 𝑖 − cos(2𝑡) 𝑗)
36| sin(2𝑡) cos(2𝑡)|

= sin(2𝑡) 𝑖 − cos(2𝑡) 𝑗

This corresponds with answer choice B.
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Question 14

Let ®𝐶 encode the components of the constant of integration such that ®𝐶 ∈ ℝ3

d®𝑟
d𝑡

= ⟨𝑡4 + 5𝑡2 , 4𝑡⟩∫
d®𝑟 =

∫
⟨𝑡4 + 5𝑡2 , 4𝑡⟩d𝑡

®𝑟(𝑡) = ⟨15 𝑡5 + 5
3 𝑡

3 , 2𝑡2⟩ + ®𝐶
®𝐶 = ®𝑟(0) = ⟨5,−6⟩

This corresponds with answer choice C.

Question 15

=⇒
∫ 3

0

〈
2√
1 + 𝑡

,−9𝑡2 , 6𝑡

(1 + 𝑡2)2
〉
d𝑡

=⇒
∫ 3

0

〈
2(1 + 𝑡)−

1
2 ,−9𝑡2 , 6𝑡

(1 + 𝑡2)2
〉
d𝑡

=⇒
[
⟨4
√
𝑡 + 1,−3𝑡3 , −3

1 + 𝑡2

]3
0
= ⟨8 − 4,−81, −310 + 3⟩ = ⟨4,−81, 2710 ⟩

This corresponds with answer choice C.

Question 16

𝑢 B 𝑡2 + 1 du = 2𝑡d𝑡 =⇒
〈[
8𝑡3 − 3𝑡

]1
0
,

∫ 1

0

4

𝑢
d𝑢,−

∫ 1

0

1

2
√
𝑢
d𝑢

〉
[〈
8𝑡3 − 3𝑡 , 4 ln (𝑡2 + 1),−

√
𝑡2 + 1

〉]1
0
= ⟨8 − 3, 4 ln 2 − 0,−

√
2 + 1⟩

This corresponds with answer choice A.
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Chapter 2

Lab 8

2.1 Work

Question 1

d®𝑟
d𝑡

= ®𝑣 = ⟨−14𝑡 , 17 𝑡2⟩

This corresponds with answer choice B.

Question 2

d®𝑟
d𝑡

= ®𝑣 = ⟨−3 sin(3𝑡), 5 cos 𝑡⟩

d2®𝑟
d𝑡2

= ®𝑎 = ⟨−9 cos(3𝑡),−5 sin 𝑡⟩

This corresponds with answer choice D.

Question 3

®𝑣(𝑡) = ⟨18𝑡 + 4,−15𝑡2 ,−2𝑡⟩
®𝑣(3) = ⟨58,−135,−6⟩

This correspon ds with answer choice B.

Question 4

d®𝑟
d𝑡

= ®𝑣 = ⟨−2 sin(2𝑡), 7

𝑡 − 3
,− 1

3 𝑡
2⟩

®𝑣(0) = ⟨0, −73 , 0⟩

This corresponds with answer choice D.
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Question 5

d®𝑟
d𝑡

= ®𝑣 = ⟨8 cos(2𝑡), 10 sin(2𝑡), −6 csc(2𝑡) cot(2𝑡)⟩

d2®𝑟
d𝑡2

= ®𝑎 = ⟨−16 sin(2𝑡), 20 cos(2𝑡), 12(csc(2𝑡) cot2(2𝑡) + csc3(2𝑡))⟩

®𝑎
(
𝜋
4

)
= ⟨−16 sin

(
𝜋
2

)
, 20 cos

(
𝜋
2

)
, 12(1 · 02 + 13)⟩

= ⟨−16, 0, 12⟩

This corresponds with answer choice B.

Question 6

®𝑣(0) = ⟨
√
2, 0,

√
2⟩, ®𝑎(0) = ⟨0, 0, 𝜋2 ⟩,

®𝑎 · ®𝑣 = 0 ·
√
2 + 0 · 0 + 𝜋

2 ·
√
2 =

𝜋
√
2

2 ,

∥®𝑎∥ = 𝜋
2 , ∥®𝑣∥ =

√
(
√
2)2 + 02 + (

√
2)2 =

√
4 = 2,

cos𝜃 =
®𝑎 · ®𝑣

∥®𝑎∥∥®𝑣∥ =

𝜋
√
2

2
𝜋
2 · 2 =

√
2

2
,

𝜃 = arccos

(√
2

2

)
=

𝜋
4
.

Question 7

®𝑣0 = ⟨75 cos 𝛼, 75 sin 𝛼⟩ ®𝑎 = ⟨0,−32⟩

This corresponds with answer choice A.

Question 8

®𝑣0 = ⟨800; 34◦⟩ ®𝑎 = ⟨0,−9.8⟩

®𝑟 · 𝑖 = 800 cos 34◦𝑡 =⇒ 20000

800 · cos 34◦ = 𝑡ℎ = 30.1554487126 s

®𝑟(𝑡ℎ) · 𝑗 = 800 sin 34◦30.1554487126 − 1
29.8 · 30.15544871262

®𝑟(𝑡ℎ) · 𝑗 = 9034.35001026 ≥ 0

The answer is B.
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Question 9

®𝑣(𝑡) = d®𝑟
d𝑡

= ⟨585
√
2
2 , 585

√
2
2 − 9.8𝑡⟩

®𝑣(𝑡) · 𝑗 = 0 =⇒ 𝑡ℎ =
585

√
2
2

9.8
=⇒ 𝑡ℎ = 42.2099456116

®𝑟(𝑡ℎ) · 𝑗 = 585
√
2
2 𝑡ℎ − 1

29.8𝑡
2
ℎ = 8730.22959184 m

This corresponds with answer choice D.

Question 10

12 = ∥®𝑣∥ cos 33◦𝑡 0 = ∥®𝑣∥ sin 33◦𝑡 − 1
29.8𝑡

2

Computationally solving this system of equations: ∥®𝑣∥ = 11.34589

This corresponds with answewr choice D.

Question 11

®𝑟(𝑡) · 𝑗 = −1
232𝑡

2 + 115 sin 44◦𝑡 + 6.6

®𝑟(4) = 70.1428504111 ft

This corresponds with answer choice C.

Question 12

®𝑟(𝑡) · 𝑗 = −1
232𝑡

2 + 47 sin 39◦𝑡 + 6.1

®𝑟(𝑡 𝑓 ) · 𝑗 = 0 𝑡 𝑓 = 2.03589 s

®𝑟(𝑡 𝑓 ) · 𝑖 = 2.03589 · 47 cos 39◦ = 74.3626334991 ft

This corresponds with answer choice C.

Question 13

0 = 30 + 39 sin 26◦𝑡 − 1
232𝑡

2

=⇒ 𝑡 = 2.00411 s

This corresponds with answer choice B.

Question 14

𝑥𝑚𝑎𝑥 =
∥®𝑣0∥2 sin 2𝛼

𝑔
= 14000 =

3802 sin 2𝛼
9.8

=⇒ 𝛼 = 1
2 arcsin

14000 · 9.8
3802

This corresponds with answer choice C.
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Chapter 3

Lab 9

3.1 Work

Question 1

d®𝑟
d𝑡

= ⟨−2, 6, 9⟩ ∥d®𝑟
d𝑡

∥ =
√
22 + 62 + 92 =

√
4 + 36 + 81 = 11

𝐿 =

∫ 𝑏

𝑎

∥d®𝑟
d𝑡

∥d𝑡 =
∫ −3

−10
11d𝑡 = 11 [𝑡]−3−10 = 11(−3 + 10) = 77

This corresponds with answer choice C.

Question 2

d®𝑟
d𝑡

= ⟨2 sin 𝑡 + 2𝑡 cos 𝑡 − 2 sin 𝑡 , 2 cos 𝑡 − 2𝑡 sin 𝑡 − 2 cos 𝑡⟩

∥d®𝑟
d𝑡

∥ =
√
(2𝑡)2 cos2 𝑡 + (2𝑡)2 sin2 𝑡 = 2𝑡

𝐿 =

∫ 𝑏

𝑎

∥d®𝑟
d𝑡

∥d𝑡 =
∫ 7

−1
2𝑡dt =

[
𝑡2
]7
−1 = [49 − 1] = 48

This corresponds with answer choice C.

Question 3

d®𝑟
d𝑡

= ⟨30𝑡2 , 33𝑡2 , 6𝑡2⟩

∥d®𝑟
d𝑡

∥ =
√
302 · 𝑡4 + 332 · 𝑡4 + 62 · 𝑡4 = 𝑡2

√
302 + 332 + 62 = 45𝑡2

𝐿 =

∫ 𝑏

𝑎

∥d®𝑟
d𝑡

∥d𝑡 =
∫ 2

−1
45𝑡2 = 15

[
𝑡2
]2
−1 = 15(4 − 1) = 45

This corresponds with answer choice B.
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Question 4

d®𝑟
d𝑡

= ⟨0,−18 · 7 cos2 7𝑡 sin 7𝑡 , 18 · 7 sin2 7𝑡 cos 7𝑡⟩ = ⟨0,−126 cos2 7𝑡 sin 7𝑡 , 126 sin2 7𝑡 cos 7𝑡⟩

∥d®𝑟
d𝑡

∥ =

√
1262 cos4 7𝑡 sin2 7𝑡 + 1262 sin4 7𝑡 cos2 27

=⇒ 126
√
(sin2 7𝑡 cos2 7𝑡)(cos2 7𝑡 + sin2 7𝑡) = 126

√
sin2 7𝑡 cos2 7𝑡 = 126 sin 7𝑡 cos 7𝑡

𝐿 =

∫ 𝑏

𝑎

∥d®𝑟
d𝑡

∥d𝑡 =
∫ 13𝜋

14

6𝜋
7

126 sin 7𝑡 cos 7𝑡d𝑡 = 63

∫ 13𝜋
14

6𝜋
7

sin 14𝑡d𝑡

𝑢 = 14𝑡 d𝑢 = 14d𝑡 =⇒ 𝐿 =
−63
14

[cos 14𝑡]
13𝜋
14
6𝜋
7

= −9
2 =

−9
2
(−1 − 1) = 9

This corresponds with answer choice B.

Question 5

d®𝑟
d𝑡

= ⟨𝑒 𝑡 cos 𝑡 − 𝑒 𝑡 sin 𝑡 , 𝑒 𝑡 sin 𝑡 + 𝑒 𝑡 cos 𝑡 , 5𝑒 𝑡⟩

∥d®𝑟
d𝑡

∥ =
√
𝑒2𝑡(cos 𝑡 − sin 𝑡)2 + 𝑒2𝑡(sin 𝑡 + cos 𝑡)2 + 25𝑒2𝑡 = 𝑒 𝑡

√
1 + sin 2𝑡 + 1 − sin 2𝑡 + 25 = 𝑒 𝑡

√
27 = 3

√
3𝑒 𝑡

𝐿 =

∫ 𝑏

𝑎

∥d®𝑟
d𝑡

∥d𝑡 = 3
√
3

∫ 0

− ln 2

𝑒 𝑡d𝑡 = 3
√
3(1 − 1

2 ) =
3
√
3

2

This corresponds with answer choice D.

Question 6

d®𝑟
d𝑡

= ⟨6𝑡2 , 6𝑡2 ,−3𝑡2⟩

∥d®𝑟
d𝑡

∥ =
√
36𝑡4 + 36𝑡4 + 9𝑡4 = 𝑡2

√
36 + 36 + 9 = 9𝑡2

𝐿 =

∫ 𝑏

𝑎

∥d®𝑟
d𝑡

∥d𝑡 = 3

∫ 2

−1
3𝑡2d𝑡

=⇒ 3
[
𝑡3
]2
−1 = 3(8 + 1) = 27

This corresponds with answer choice B.

Question 7

d®𝑟
d𝑡

= ⟨4 cos 2𝑡 ,−4 sin 2𝑡 , 3⟩

∥d®𝑟
d𝑡

∥ =

√
16 cos2 2𝑡 + 16 sin2 2𝑡 + 9 =

√
16 + 9 = 5

®𝑇(𝑡) = 1
5⟨4 cos 2𝑡 ,−4 sin 2𝑡 , 3⟩

This corresponds with answer choice A.

10



Question 8

d®𝑟
d𝑡

= ⟨84𝑡6 ,−28𝑡6 , 21𝑡6⟩

∥d®𝑟
d𝑡

∥ = 𝑡6
√
842 + 282 + 212 = 91𝑡6

®𝑇(𝑡) = 1
91⟨84𝑡6 ,−28𝑡6 , 21𝑡6⟩

This corresponds with answer choice B.

Question 9

d®𝑟
d𝑡

= ⟨0, 6 cos 𝑡 − 6𝑡 sin 𝑡 − 6 cos 𝑡 , 6𝑡 cos 𝑡 + 6 sin 𝑡 − 6 sin 𝑡⟩

∥d®𝑟
d𝑡

∥ =

√
36𝑡2 sin2 𝑡 + 36𝑡2 cos2 𝑡 = 6𝑡

®𝑇(𝑡) = 1

6𝑡
⟨0,−6𝑡 sin 𝑡 , 6𝑡 cos 𝑡⟩ = ⟨0,− sin 𝑡 , cos 𝑡⟩

This corresponds with answer choice D.

Question 10

d®𝑟
d𝑡

= ⟨−54 sin 9𝑡 ,−54 cos 9𝑡 , 0⟩

∥d®𝑟
d𝑡

∥ = 54
√
sin2 9𝑡 + cos2 9𝑡 = 54

d2®𝑟
d𝑡2

= ⟨−486 cos 9𝑡 , 486 sin 9𝑡 , 0⟩

𝜅 =
∥d®𝑟
d𝑡 × d2®𝑟

d𝑡2 ∥
∥d®𝑟
d𝑡 ∥3

=⇒ 𝜅 =








������ 𝑖 𝑗 𝑘
−54 sin 9𝑡 −54 cos 9𝑡 0
−486 cos 9𝑡 486 sin 9𝑡 0

������








543
= −26244 · 1

157464 (cos2 9𝑡 + sin2 9𝑡)

=⇒ 𝜅 =
1

6

This corresponds with answer choice C.
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Question 11

d®𝑟
d𝑡

= ⟨1, 0, �
��sec 𝑡 tan 𝑡

���sec 𝑡
⟩

∥d®𝑟
d𝑡

∥ =
√
1 + tan2 𝑡 =

√
sec2 𝑡 = sec 𝑡

d2®𝑟
d𝑡2

= ⟨0, 0, sec2 𝑡⟩

𝜅 =
∥d®𝑟
d𝑡 × d2®𝑟

d𝑡2 ∥
∥d®𝑟
d𝑡 ∥3

d®𝑟
d𝑡

× d2®𝑟
d𝑡2

=

������ 𝑖 𝑗 𝑘
1 0 tan 𝑡
0 0 sec2 𝑡

������ = −𝑗[sec2 𝑡] = ⟨0,− sec2 𝑡 , 0⟩

∥d®𝑟
d𝑡

× d2®𝑟
d𝑡2

∥ = sec2 𝑡

=⇒ 𝜅 =
sec2 𝑡

sec3 𝑡
= cos 𝑡
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Chapter 4

Lab 10

4.1 Work

Question 1

d®𝑟
d𝑡

= ⟨1, 0, − sin 𝑡

cos 𝑡
⟩ = ⟨1, 0,− tan 𝑡⟩

∥d®𝑟
d𝑡

∥ =
√
1 + tan2 𝑡 = sec 𝑡

®𝑇(𝑡) = cos 𝑡 · ⟨1, 0,− tan 𝑡⟩ = ⟨cos 𝑡 , 0,− sin 𝑡⟩
=⇒ ®𝑇′(𝑡) = ⟨− sin 𝑡 , 0,− cos 𝑡⟩

=⇒ ∥®𝑇′(𝑡)∥ =

√
sin2 𝑡 + cos2 𝑡 = 1

®𝑁(𝑡) = ⟨− sin 𝑡 , 0,− cos 𝑡⟩

Corresponds with answer choice D.
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Question 2

d®𝑟
d𝑡

= ⟨0, 2𝑡 , 2⟩


d®𝑟
d𝑡




 = 2
√
𝑡2 + 1

®𝑇(𝑡) = ⟨0, 𝑡 , 1⟩√
𝑡2 + 1

d®𝑇
d𝑡

=

〈
0,

d

d𝑡

(
𝑡√

𝑡2 + 1

)
,
d

d𝑡

( 1√
𝑡2 + 1

)〉
=

〈
0, (𝑡2 + 1)−1/2 − 𝑡2

(𝑡2 + 1)3/2
, − 𝑡

(𝑡2 + 1)3/2

〉
= (𝑡2 + 1)−3/2⟨0, 1,−𝑡⟩


d®𝑇

d𝑡




 = (𝑡2 + 1)−1

®𝑁(𝑡) =
d®𝑇
d𝑡


d®𝑇
d𝑡




 =
(𝑡2 + 1)−3/2⟨0, 1,−𝑡⟩

(𝑡2 + 1)−1 =
⟨0, 1,−𝑡⟩√

𝑡2 + 1
.

This corresponds with answer choice B.

Question 3

d®𝑟
d𝑡

= ⟨2𝑡 cos 𝑡 +(((((((
2 sin 𝑡 − 2 sin 𝑡 , 0,���2 cos 𝑡 − 2𝑡 sin 𝑡 −���2 cos 𝑡 ⟩


d®𝑟

d𝑡




 = 2𝑡
√
cos2 𝑡 + sin2 𝑡 = 2𝑡

®𝑇(𝑡) = ⟨cos 𝑡 , 0,− sin 𝑡⟩
d®𝑇
d𝑡

= ⟨− sin 𝑡 , 0,− cos 𝑡⟩


d®𝑇
d𝑡




 = 1

®𝑁(𝑡) = ⟨− sin 𝑡 , 0,− cos 𝑡⟩

This corresponds with answer choice C.
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Question 4

d®𝑟
d𝑡

= ⟨4 cos 2𝑡 ,−4 sin 2𝑡 , 3⟩


d®𝑟
d𝑡




 = √
42(cos2 2𝑡 + sin2 2𝑡) + 32 = 5

®𝑇(𝑡) = ⟨45 cos 2𝑡 ,− 4
5 sin 2𝑡 ,

3
5 ⟩

d®𝑇
d𝑡

= ⟨− 8
5 sin 2𝑡 ,− 8

5 cos 2𝑡 , 0⟩


d®𝑇
d𝑡




 = 8

5
®𝑁(𝑡) = ⟨− sin 2𝑡 ,− cos 2𝑡 , 0⟩

This corresponds with answer choice C.

Question 5

d®𝑟
d𝑡

= ⟨6 cos 𝑡 ,−6 sin 𝑡 ,−1⟩


d®𝑟
d𝑡




 = √
62 + 1 =

√
37

®𝑇(𝑡) = 1√
37

⟨6 cos 𝑡 ,−6 sin 𝑡 ,−1⟩

d®𝑇
d𝑡

=
1√
37

⟨−6 sin 𝑡 ,−6 cos 𝑡 , 0⟩


d®𝑇
d𝑡




 = √
62

√
37

2
(sin2 𝑡 + cos2 𝑡) = 6√

37

®𝑁(𝑡) = 1√
37

⟨− sin 𝑡 ,− cos 𝑡 , 0⟩

®𝐵(𝑡) = ®𝑇(𝑡) × ®𝑁(𝑡) =

�������
𝑖 𝑗 𝑘

6√
37

cos 𝑡 −6√
37

sin 𝑡 −1√
37

−1√
37

sin 𝑡 −1√
37

cos 𝑡 0

�������
®𝐵(𝑡) = −⟨cos 𝑡 ,− sin 𝑡 , 6⟩√

37

This corresponds with answer choice D.

15



Question 6

d®𝑟
d𝑡

= ⟨𝑡 ,−7, 0⟩


d®𝑟
d𝑡




 = √
𝑡2 + 49

®𝑇(𝑡) = ⟨ 𝑡√
𝑡2 + 49

,
−7√

𝑡2 + 49
, 0⟩

d®𝑇
d𝑡

=

〈√
𝑡2 + 49 − 𝑡 · 𝑡√

𝑡2+49
𝑡2 + 49

,
0 − (−7) · 𝑡√

𝑡2+49
𝑡2 + 49

, 0

〉
=

〈
49

(𝑡2 + 49)3/2
,

7𝑡

(𝑡2 + 49)3/2
, 0

〉



d®𝑇
d𝑡




 = √
492 + (7𝑡)2

(𝑡2 + 49)3/2
=

7
√
𝑡2 + 49

(𝑡2 + 49)3/2
=

7

𝑡2 + 49

®𝑁(𝑡) =
d®𝑇
d𝑡


d®𝑇
d𝑡




 =
⟨49, 7𝑡 , 0⟩/(𝑡2 + 49)3/2

7/(𝑡2 + 49) =
⟨7, 𝑡 , 0⟩√
𝑡2 + 49

®𝐵(𝑡) = ®𝑇(𝑡) × ®𝑁(𝑡) =

������
𝑖 𝑗 𝑘

𝑡/
√
𝑡2 + 49 −7/

√
𝑡2 + 49 0

7/
√
𝑡2 + 49 𝑡/

√
𝑡2 + 49 0

������
=

1

𝑡2 + 49
⟨0, 0, 𝑡2 + 49⟩ = ⟨0, 0, 1⟩

This corresponds with answer choice D.

Question 7

d®𝑟
d𝑡

= ⟨1, �
��sec 𝑡 tan 𝑡

���sec 𝑡
, 0⟩


d®𝑟

d𝑡




 = √
1 + tan2 𝑡 = sec 𝑡

®𝑇(𝑡) = ⟨cos 𝑡 , sin 𝑡 , 0⟩
d®𝑇
d𝑡

= ⟨− sin 𝑡 , cos 𝑡 , 0⟩


d®𝑇
d𝑡




 = 1

®𝑁(𝑡) = ⟨− sin 𝑡 , cos 𝑡 , 0⟩

®𝐵(𝑡) = ®𝑇(𝑡) × ®𝑁(𝑡) =

������ 𝑖 𝑗 𝑘
cos 𝑡 sin 𝑡 0
− sin 𝑡 cos 𝑡 0

������
= 𝑘

[
cos2 𝑡 + sin2 𝑡

]
= 𝑘

This corresponds with answer choice C.
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Definition 4.1.1: Torsion

𝜏 =
(®𝑟′ × ®𝑟′′) · ®𝑟′′′

®𝑟′ × ®𝑟′′



2
Question 8

d®𝑟
d𝑡

= ⟨4 cos 2
5 𝑡 , 3,−4 sin 2

5 𝑡⟩

d2®𝑟
d𝑡2

= ⟨− 8
5 sin

2
5 𝑡 , 0,− 8

5 cos
2
5 𝑡⟩

d3®𝑟
d𝑡3

= ⟨− 16
25 cos

2
5 𝑡 , 0,

16
25 sin

2
5 𝑡⟩

d®𝑟
d𝑡

× d2®𝑟
d𝑡2

=

������ 𝑖 𝑗 𝑘
4 cos 2

5 𝑡 3 −4 sin 2
5 𝑡

− 8
5 sin

2
5 𝑡 0 − 8

5 cos
2
5 𝑡

������
= 𝑖

[
− 24

5 cos 2
5 𝑡
]
− 𝑗

[
− 32

5 cos2 2
5 𝑡 − 32

5 sin2 2
5 𝑡
]
+ 𝑘

[
24
5 sin 2

5 𝑡]



d®𝑟d𝑡 × d2®𝑟
d𝑡2





 = √
( 245 )2 + ( 325 )2 = 8

𝜏 =
(®𝑟′ × ®𝑟′′) · ®𝑟′′′

®𝑟′ × ®𝑟′′



2 =
⟨− 24

5 cos 2
5 𝑡 ,

32
5 , 245 sin 2

5 𝑡⟩ · ⟨−−16
25 cos 2

5 𝑡 , 0,
16
25 sin

2
5 𝑡⟩

82

=

(
−24

5
cos 2

5 𝑡
) (

−16

25
cos 2

5 𝑡
)
+
(32
5

)
(0) +

(24
5

sin 2
5 𝑡
) (16

25
sin 2

5 𝑡
)

=
384

125
cos2 2

5 𝑡 +
384

125
sin2 2

5 𝑡

=
384

125

𝜏 =
(®𝑟′ × ®𝑟′′) · ®𝑟′′′
∥®𝑟′ × ®𝑟′′∥2 =

384/125
82

=
384

10000
=

6

125
.

This corresponds with answer choice A.

Question 9

®𝑟(𝑡) = ⟨2𝑡 − 7, 𝑡2 − 2, 7⟩
®𝑟′(𝑡) = ⟨2, 2𝑡 , 0⟩
®𝑟′′(𝑡) = ⟨0, 2, 0⟩
®𝑟′′′(𝑡) = ⟨0, 0, 0⟩

®𝑟′ × ®𝑟′′ =

������ 𝑖 𝑗 𝑘
2 2𝑡 0
0 2 0

������ = ⟨0, 0, 4⟩

(®𝑟′ × ®𝑟′′) · ®𝑟′′′ = ⟨0, 0, 4⟩ · ⟨0, 0, 0⟩ = 0

𝜏 =
(®𝑟′ × ®𝑟′′) · ®𝑟′′′
∥®𝑟′ × ®𝑟′′∥2 =

0

∥⟨0, 0, 4⟩∥2 = 0.

This corresponds with answer choice A.
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Question 10

®𝑟(𝑡) = ⟨3 sin 𝑡 , 3 cos 𝑡 , −𝑡⟩
®𝑟′(𝑡) = ⟨3 cos 𝑡 , −3 sin 𝑡 , −1⟩
®𝑟′′(𝑡) = ⟨−3 sin 𝑡 , −3 cos 𝑡 , 0⟩
®𝑟′′′(𝑡) = ⟨−3 cos 𝑡 , 3 sin 𝑡 , 0⟩

®𝑟′ × ®𝑟′′ =

������ 𝑖 𝑗 𝑘
3 cos 𝑡 −3 sin 𝑡 −1
−3 sin 𝑡 −3 cos 𝑡 0

������ = ⟨−3 cos 𝑡 , 3 sin 𝑡 , −9⟩

∥®𝑟′ × ®𝑟′′∥2 = (−3 cos 𝑡)2 + (3 sin 𝑡)2 + (−9)2 = 9 + 81 = 90

(®𝑟′ × ®𝑟′′) · ®𝑟′′′ = (−3 cos 𝑡)(−3 cos 𝑡) + (3 sin 𝑡)(3 sin 𝑡) + (−9)(0) = 9(cos2 𝑡 + sin2 𝑡) = 9

𝜏 =
9

90
=

1

10
.

This corresponds with answer choice B.
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