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Example 3:  

A projectile is fired at a speed of 840 m/s at an angle of 60°. We are tasked to calculate: 
1. The time it will take to travel 21 km horizontally. 
2. The total flight time of the projectile. 

Given Data: 

Initial velocity: v₀ = 840 m/s    angle: θ = 60°    Distance to travel: x = 21 km = 21,000 m   Acceleration due to 
gravity: g = 9.81 m/s²  

The horizontal distance is related to time through the equation:  the equation for time:    𝑡 ൌ
௫

௩బೣ
ൌ

௫

௩బ⋅௖௢௦ሺఏሻ
    t = 

21,000 / (840 ⋅ cos(60°)) =21,000 / (840 ⋅ 0.5) = 21,000 / 420 = 50 seconds 

Total Flight Time: T = 
ଶ௩బ೤
௚

 = 
ଶ௩బ ୱ୧୬ఏ

௚
  = (2 ⋅ 840 ⋅ 0.866) / 9.81= 1454.88 / 9.81 ≈ 148.3 seconds 

Arc Length in Space 

Definition: 

The length of a smooth curve in three-dimensional space: r(t) = x(t)i + y(t)j + z(t)k, for a ≤ t ≤ b, is given by the 
following formula:  

  

Example:  

A glider is soaring upward along the helix defined by: r(t) = (cos(t))i + (sin(t))j + t k Find the path length of the 
glider from t = 0 to t = 2π. 

Solution: 

The formula for arc length is:  

𝐿 ൌ න  
௕

௔
 ඨ൬

𝑑𝑥
𝑑𝑡
൰
ଶ

൅ ൬
𝑑𝑦
𝑑𝑡
൰
ଶ

൅ ൬
𝑑𝑧
𝑑𝑡
൰
ଶ

𝑑𝑡

𝑟ሺ𝑡ሻ ൌ ሺcos 𝑡ሻᇣᇧᇤᇧᇥ
௫ሺ௧ሻ

𝑖 ൅ ሺsin 𝑡ሻᇣᇧᇤᇧᇥ
௬ሺ௧ሻ

𝑗 ൅ 𝑡⏟
௭ሺ௧ሻ

𝑘

𝐿 ൌ න  
ଶగ

଴
 ඥሺെsin 𝑡ሻଶ ൅ ሺcos 𝑡ሻଶ ൅ ሺ1ሻଶ𝑑𝑡

 ൌ න  
ଶగ

଴
 ඥsinଶ 𝑡 ൅ cosଶ 𝑡 ൅ 1𝑑𝑡

1

ൌ න  
ଶగ

଴
 √2𝑑𝑡 ൌ √2𝑡቉

଴

ଶగ

ൌ 2𝜋√2.

 

Arc length parameter with base point 𝑃ሺ𝑡଴ሻ. 
Example:  

Find the arc length parametrization of a curve if 𝑡଴ ൌ 0 and the helix  𝑟ሺ𝑡ሻ ൌ ሺcos 𝑡ሻ𝑖 ൅ ሺsin 𝑡ሻ𝑗 ൅ 𝑡𝑘 
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𝑠ሺ𝑡ሻ ൌ න  
௧

௧
 ඥሾ𝑥ᇱሺ𝜏ሻሿଶ ൅ ሾ𝑦ᇱሺ𝜏ሻሿଶ ൅ ሾ𝑧ᇱሺ𝜏ሻሿଶ𝑑𝜏

 ൌ න  
௧

଴
 ඥሺെsin 𝜏ሻଶ ൅ ሺcos 𝜏ሻଶ ൅ ሺ1ሻଶ𝑑𝜏

 

𝑠ሺ𝑡ሻ ൌ න  
௧

଴
 ඥsinଶ 𝜏 ൅ cosଶ 𝜏 ൅ 1𝑑𝜏

ൌ න  
௧

଴
 √2𝑑𝜏 ൌ √2𝜏቉

଴

௧

ൌ √2𝑡

∴ 𝑠 ൌ √2𝑡 ⇒ 𝑡 ൌ 𝑠/√2

 

Substituting  𝑡 ൌ 𝑠/√2 in the position vector 𝑟 gives the arc length Parametrization for the helix. 

𝑟ሺ𝑡ሻ ൌ ሺcos 𝑡ሻ𝑖 ൅ ሺsin 𝑡ሻ𝑗 ൅ 𝑡𝑘

𝑟ሺ𝑡ሺ𝑠ሻሻ ൌ ൬cos 
𝑠

√2
൰ 𝑖 ൅ ൬sin 

𝑠

√2
൰ 𝑗 ൅

𝑠

√2
𝑘 

Unit tangent vector  

The unit tangent vector is T ൌ
௩

|௩|
 where 𝑣 is the velocity vector 𝜈 ൌ

ௗ௥

ௗ௧
 is tangent to the curve 𝑟ሺ𝑡ሻ.  

T ൌ
௩

|௩|
ൌ

೏ೝ
೏೟

ቚ
೏ೝ
೏೟
ቚ
ൌ

௥ᇲሺ௧ሻ

௦ᇲሺ೟ሻ
ൌ

ௗ௥

ௗ௦
  

Example:  

Find the unit tangent vector of the carve    𝑟ሺ𝑡ሻ ൌ ሺ3cos 𝑡ሻ𝑖 ൅ ሺ3sin 𝑡ሻ𝑗 ൅ 𝑡ଶ𝑘 

Sol:	𝑇 ൌ
௩

|௩|
 

𝑣 ൌ െሺ3sin 𝑡ሻ𝑖 ൅ ሺ3cos 𝑡ሻ𝑗 ൅ 2𝑡ᇱᇱ𝑘

 |𝑣| ൌ ඥ9sinଶ 𝑡 ൅ 9cosଶ 𝑡 ൅ 4𝑡ଶ

 |𝑣| ൌ ඨ9 ቆ
sinଶ 𝑡 ൅ cosଶ 𝑡

′′
ቇ ൅ 4𝑡ଶ

 |𝑣| ൌ ඥ9 ൅ 4𝑡ଶ

𝑇 ൌ
𝑣

|𝑣|
ൌ

െ3sin 𝑡

√9 ൅ 4𝑡ଶ
𝑖 ൅

3cos 𝑡

√9 ൅ 4𝑡ଶ
𝑗 ൅

2𝑡

√9 ൅ 4𝑡ଶ

 

Curvature and Normal vectors of a curve 
Definition:  

If 𝑇 is the unit tangent vector of a smooth curve, the curvature function of the curve is: 𝐾 ൌ ቚௗ்
ௗ௦
ቚ  

Formula for Calculating Curvature: 
If ሺ𝑟ሺ𝑡ሻ is a smooth curve, then the curvature is 

𝐾 ൌ ฬ
𝑑𝑇
𝑑𝑠
ฬ ൌ ฬ

𝑑𝑇
𝑑𝑡

⋅
𝑑𝑡
𝑑𝑠
ฬ ൌ ฬ

𝑑𝑡
𝑑𝑠
ฬ ฬ
𝑑𝑇
𝑑𝑡
ฬ ൌ ฬ

1
𝑑𝑠/𝑑𝑡

ฬ
𝑑𝑇
𝑑𝑡

 

Figure1:  As P moves along the curve 
in the direction of increasing arc, the 
unit tangent vector turns. 
 value of |𝑑𝑇/𝑑𝑠|  at 𝑃  is called the 
Curvature  
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𝐾 ൌ
1

|𝑣|
⋅ ฬ
𝑑𝑇
𝑑𝑡
ฬ 

Example:  

A straight line is  𝑟ሺ𝑡ሻ  ൌ  𝐶 ൅  𝑡𝑣 for constant vectors C and v. Thus, r′(t) = v, and the unit tangent vector 𝑇 ൌ 𝑣/|𝑣| 
is a constant vector that always points in the same direction and has derivative 0. It follows that, for any value of 
the parameter t, the curvature of the straight line is zero. 

Example:  

Find the curvature of a circle 𝑟ሺ𝑡ሻ ൌ ሺ𝑎cos 𝑡ሻ𝑖 ൅ ሺ𝑎sin 𝑡ሻ𝑗  of radius a.  

Sol:  𝑘 ൌ
ଵ

|୴|
⋅ ቚ
ௗ்

ௗ௧
ቚ 

 ∴ 𝑣 ൌ
𝑑𝑟
𝑑𝑡

ൌ െሺ𝑎sin 𝑡ሻ𝑖 ൅ ሺ𝑎cos 𝑡ሻ𝑗

|𝑣| ൌ ඥሺെ𝑎sin 𝑡ሻଶ ൅ ሺ𝑎cos 𝑡ሻଶ ൌ ඥ𝑎ଶሺsinଶ 𝑡 ൅ cosଶ 𝑡ቁ ൌ |a| ൌ 𝑎

𝑇 ൌ
𝑣

|𝑣|
ൌ
െ𝑎sin 𝑡

𝑎
𝑖 ൅

𝑎cos 𝑡
𝑎

𝑗 ൌ ሺെsin 𝑡ሻ𝑖 ൅ ሺcos 𝑡ሻ𝑗

𝑑𝑇
𝑑𝑡

ൌ ሺെcos 𝑡ሻ𝑖 െ ሺsin 𝑡ሻ𝑗

ฬ
𝑑𝑇
𝑑𝑡
ฬ ൌ ඥሺെcos 𝑡ሻଶ ൅ ሺെsin 𝑡ሻଶ ൌ ඥcosଶ 𝑡 ൅ sinଶ 𝑡 ൌ 1

 𝐾 ൌ
1
∣ 𝑣|

⋅ ฬ
𝑑𝑇
𝑑𝑡
ฬ ൌ

1
𝑎
⋅ 1 ൌ

1
𝑎
ൌ

1
𝑟𝑎𝑑𝑖𝑢𝑠

 

The radius of curvature 

To compute the radius of curvature of the curve at P is the radius of the circle of curvature, which is    𝑟 ൌ
ଵ

௞
.  

Definition:  

At a point where 𝑘 ് 0, the principal	unit	normal	vector for a smooth curve in the plane is: 𝑁 ൌ
ଵ

௄
⋅
ௗ்

ௗ௦
 

N ൌ
1
𝐾
⋅
𝑑𝑇
𝑑𝑠

 ൌ
1

|𝑑𝑇/𝑑𝑠|
⋅
𝑑𝑇
𝑑𝑠

ൌ

𝑑𝑇
𝑑𝑠

ቚ𝑑𝑇𝑑𝑠ቚ
ൌ

𝑑𝑇
𝑑𝑡 ⋅

𝑑𝑡
𝑑𝑠

ቚ𝑑𝑇𝑑𝑡 ቚ ⋅ ቚ
𝑑𝑡
𝑑𝑠ቚ

ൌ
𝑑𝑇/𝑑𝑡

|𝑑𝑇/𝑑𝑡|
        ൤𝑠𝑖𝑐𝑒 

𝑑𝑡
𝑑𝑠

ൌ
1

𝑑𝑠/𝑑𝑡
൐ 0 ൨ 

∴ The formula for Calculating 𝑁 where 𝑟ሺ𝑡ሻ is a smooth curve is      𝑁 ൌ
೏೅
೏೟

|
೏೅
೏೟

|
   where 𝑇 ൌ

௏

|௩|
 is the unit tangent 

vector. 

Example:  

Find 𝑇 and 𝑁 for the Circular motion 𝑟ሺ𝑡ሻ ൌ ሺcos 2𝑡ሻ𝑖 ൅ ሺsin 2𝑡ሻ𝑗 

Sol: (1) 𝑇 ൌ
௩

|୴|
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𝑣 ൌ
𝑑𝑟
𝑑𝑡

ൌ ሺെ2sin 2𝑡ሻ𝑖 ൅ ሺ2cos 2𝑡ሻ𝑗

|𝑣| ൌ ඥ4sinଶ 2𝑡 ൅ 4cosଶ 2𝑡 ൌ ඨ4 ቆ
sinଶ 2𝑡 ൅ cosଶ 2𝑡ሻ

11
ൌ √4 ൌ 2

∴ 𝑇 ൌ
െ2sin 2𝑡

2
𝑖 ൅

2cos 2𝑡
2

𝑗 ൌ െሺsin 2𝑡ሻ𝑖 ൅ ሺcos 2𝑡ሻ𝑗

 

(2) 𝑁 ൌ
ௗ்/ௗ௧

|ௗ்/ௗ௧|
 

∴ 𝑑𝑇/𝑑𝑡 ൌ ሺെ2cos 2𝑡ሻ𝑖 െ ሺ2sin 2𝑡ሻ𝑗

|𝑑𝑇/𝑑𝑡| ൌ ඥ4cosଶ 2𝑡 ൅ 4sinଶ 2𝑡 ൌ √4 ൌ 2

∴ 𝑁 ൌ
െ2cos 2𝑡

2
𝑖 ൅

െ2sin 2𝑡
2

𝑗

ൌ ሺെcos 2𝑡ሻ𝑖 ൅ ሺെ2sin 2𝑡ሻ𝑗

 

Example:  

Find the curvature of the Parabola equation 𝑟ሺ𝑡ሻ ൌ 𝑡௜ ൅ 𝑡ଶ𝑗 at the origin  

SOL: 

 𝐾 ൌ
1

|𝑣|
⋅ ฬ
𝑑𝑇
𝑑𝑡
ฬ

𝑣 ൌ
𝑑𝑟
𝑑𝑡

ൌ 𝑖 ൅ 2𝑡𝑗

 |𝑣| ൌ ඥሺ1ሻଶ ൅ ሺ2𝑡ሻଶ ൌ ඥ1 ൅ 4𝑡ଶ

𝑇 ൌ
𝑣

|𝑣|
ൌ

1

√1 ൅ 4𝑡ଶ
𝑖 ൅

2𝑡

√1 ൅ 4𝑡ଶ
𝑗

𝑇 ൌ ሺ1 ൅ 4𝑡ଶሻ
ିଵ
ଶ 𝑖 ൅ 2𝑡ሺ1 ൅ 4𝑡ଶሻ

ିଵ
ଶ 𝑗

𝑑𝑇
𝑑𝑡

ൌ ൬
െ1
2
ሺ1 ൅ 4𝑡ଶሻ

ିଷ
ଶ ⋅ 8𝑡൰ 𝑖 ൅ ൬2𝑡 ⋅

െ1
2
ሺ1 ൅ 4𝑡ଶሻ

ିଷ
ଶ ⋅ 8𝑡 ൅ ሺ1 ൅ 4𝑡ଶሻ

ିଵ
ଶ ⋅ 2൰ 𝑗

 
𝑑𝑇
𝑑𝑡

ൌ െ4𝑡ሺ1 ൅ 4𝑡ଶሻ
ିଷ
ଶ 𝑖 ൅ ൤െ8𝑡ଶሺ1 ൅ 4𝑡ଶሻ

ିଷ
ଶ ൅ 2ሺ1 ൅ 4𝑡ଶሻ

ିଷ
ଶ ൨ 𝑗

 

The curvature at the origin i.e. at 𝑡 ൌ 0  

𝐾ሺ0ሻ ൌ
1

|𝑣ሺ0ሻ|
⋅ ฬ
𝑑𝑇
𝑑𝑡

ሺ0ሻฬ 

 |𝑣ሺ0ሻ| ൌ ඥ1 ൅ 4ሺ0ሻଶ ൌ 1

ฬ
𝑑𝑇
𝑑𝑡

ሺ0ሻฬ ൌ |0𝑖 ൅ 2𝑗| ൌ ඥ0ଶ ൅ 2ଶ ൌ √4 ൌ 2

 ∴ 𝐾ሺ0ሻ ൌ
1
1
⋅ 2 ൌ 2
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Example:  

Find the curvature for the helix 

𝑟ሺ𝑡ሻ ൌ ሺ𝑎 cos 𝑡ሻ𝑖 ൅ ሺ𝑎 sin 𝑡ሻ𝑗 ൅ 𝑏𝑡𝑘, 𝑎, 𝑏 ⩾ 0, 

Sol: 𝑇 ൌ
௩

|୴|
  

𝑣 ൌ
𝑑𝑟
𝑑𝑡

ൌ ሺെ𝑎sin 𝑡ሻ𝑖 ൅ ሺ𝑎cos 𝑡ሻ𝑗 ൅ 𝑏𝑘

 |𝑣| ൌ ඥሺെ𝑎sin 𝑡ሻଶ ൅ ሺ𝑎cos 𝑡ሻଶ ൅ ሺ𝑏ሻଶ

 ൌ ඥ𝑎ଶsinଶ 𝑡 ൅ 𝑎ଶcosଶ 𝑡 ൅ 𝑏ଶ

 ൌ ඥ𝑎ଶሺsinଶ 𝑡 ൅ cosଶ 𝑡ሻ ൅ 𝑏ଶ ൌ ඥ𝑎ଶ ൅ 𝑏ଶ

𝑇 ൌ
1

√𝑎ଶ ൅ 𝑏ଶ
ሾሺെ𝑎sin 𝑡ሻ𝑖 ൅ ሺ𝑎cos 𝑡ሻ𝑗 ൅ 𝑏𝑘ሿ

𝐾 ൌ
1

|v|
⋅ ฬ
𝑑𝑇
𝑑𝑡
ฬ

𝑑𝑇
𝑑𝑡

ൌ
1

√𝑎ଶ ൅ 𝑏ଶ
ሾሺെ𝑎cos 𝑡ሻ𝑖 െ ሺ𝑎sin 𝑡ሻ𝑗ሿ

𝑑𝑇
𝑑𝑡

ൌ
𝑎

√𝑎ଶ ൅ 𝑏ଶ
ሾሺെcos 𝑡ሻ𝑖 െ ሺsin 𝑡ሻ𝑗ሿ

ฬ
𝑑𝑇
𝑑𝑡
ฬ ൌ ฬ

𝑎

√𝑎ଶ ൅ 𝑏ଶ
ฬ |ሺെcos 𝑡ሻ𝑖 െ ሺsin 𝑡ሻ𝑗|

 ൌ
𝑎

√𝑎ଶ ൅ 𝑏ଶ ට
cosଶ 𝑡 ൅ sinଶ 𝑡ᇣᇧᇧᇧᇧᇤᇧᇧᇧᇧᇥ

;

ൌ
𝑎

√𝑎ଶ ൅ 𝑏ଶ

 

𝐾 ൌ
1

√𝑎ଶ ൅ 𝑏ଶ
⋅

𝑎

√𝑎ଶ ൅ 𝑏ଶ
ൌ

𝑎
𝑎ଶ ൅ 𝑏ଶ

 

Proof: The Tangent Vector is Orthogonal to the Normal Vector 

1. The unit tangent vector is given by:    T(t) = r'(t) / |r'(t)| 
2. The principal normal vector is defined as:    N(t) = T'(t) / |T'(t)|  
3. We need to prove: T(t) · N(t) = 0, meaning they are orthogonal. 

Since T(t) is a unit vector, its magnitude is always 1:    |𝑇ሺ𝑡ሻ|  ൌ  1 

Differentiating both sides with respect to t:    d/dt(T(t)· T(t)) = 0 , By the Example we have    2 (T(t) · T'(t)) = 0 

Dividing by 2:    T(t) · T'(t) = 0 

Since N(t) is just the normalized version of T'(t), i.e.,    N(t) = T'(t) / |T'(t)|   we substitute: 

 T(t) · N(t) = T(t) · [T'(t) / |T'(t)|] = [T(t) · T'(t)] / |T'(t)| = 0 / |T'(t)| = 0 
Since the dot product is zero, this proves that T(t) and N(t) are always orthogonal at every point along the curve: 

H.W : 

H.W. Arc Length Parameterization 

1. Find the arc length of the curve: 𝒓ሺ𝒕ሻ ൌ  ሺ𝟑𝒕ሻ𝒊 ൅  ሺ𝟐𝒕𝟐ሻ𝒋 ൅  ሺ𝒕𝟑ሻ𝒌,      𝟏 ൑  𝒕 ൑  𝟑 
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2. Find the arc length parameter for the curve: 𝒓ሺ𝒕ሻ ൌ ሺ𝒕𝟐ሻ𝒊 ൅  ሺ𝒕𝟑ሻ𝒋 ൅  ሺ𝒕𝟒ሻ𝒌,    𝒘𝒊𝒕𝒉 𝒃𝒂𝒔𝒆 𝒑𝒐𝒊𝒏𝒕 𝑷ሺ𝟏ሻ	 

Compute  s(t) Then, express t in terms of  s 

Homework 2: Unit Tangent Vector 

1. Find the unit tangent vector T(t)	for the curve: 𝒓ሺ𝒕ሻ  ൌ  ሺ𝒕𝟐 ሻ𝒊 ൅  ሺ𝟐𝒕𝟑ሻ𝒋 ൅  ሺ𝟑𝒕𝟒ሻ𝒌 and evaluate T(1). 

2. Find a magnitude |T(t)|. 

3. A particle moves along the curve: 𝒓ሺ𝒕ሻ  ൌ  ሺ𝒆𝒕ሻ𝒊 ൅  ሺ𝒆ି𝟏 ሻ𝒋 ൅  ሺ𝒕𝟐ሻ𝒌	Find the tangent vector at  t = 0  and 
determine its direction. 

Homework 3: Curvature & Normal Vectors of a Curve 

1. Find the curvature of the curves: (1) 𝒓ሺ𝒕ሻ ൌ ሺ𝒕, 𝒕𝟐, 𝒕𝟑ሻ						(2) 𝒓ሺ𝒕ሻ ൌ 𝒍𝒏ሺ𝒔𝒆𝒄𝒕ሻ𝒊 ൅ 𝒕𝒋     െ𝝅

𝟐
൑ 𝒕 ൑ 𝝅

𝟐
	 

2. Find the principal normal vector N(t) of the curve: 𝒓ሺ𝒕ሻ  ൌ  ሺ𝒄𝒐𝒔 𝒕, 𝒔𝒊𝒏 𝒕, 𝒕ሻ 

3. Determine the radius of curvature  R  at  t = 0  for the curve: 𝒓ሺ𝒕ሻ ൌ ሺ𝒕, 𝒕𝟐, 𝒕𝟑ሻ	using the relationship: 

𝑹 ൌ
𝟏
𝑲

 

4-Find 𝑁 for the helix 𝑟ሺ𝑡ሻ ൌ ሺ𝑎 cos 𝑡ሻ𝑖 ൅ ሺ𝑎 sin 𝑡ሻ𝑗 ൅ 𝑏𝑡𝑘, 𝑎, 𝑏 ⩾ 0   and 𝑎ଶ ൅ 𝑏ଶ ് 0 

Tangential and Normal Components of Acceleration  

Tangential and Normal Components of Acceleration 

v = dr/dt  Using the chain rule, it can be expressed as:  𝑣 ൌ  ሺ
ௗ௥

ௗ௦
ሻሺ
ௗ௦

ௗ௧
ሻ 

 
ௗ௥

ௗ௦
 ൌ  𝑇, the unit tangent vector.  ds/dt = |v|, the speed. Tnnnhen v = T (ds/dt) 

Acceleration derivative of velocity: a = dv/dt          Substitute v = T (ds/dt):       a = d/dt[T (ds/dt)] 

Using the product rule: a = (d²s/dt²)T + (ds/dt)(dT/dt) 

The	first	term (d²s/dt²)T:  This represents the tangential component of acceleration, related to the rate of change 
of speed.  

The	second	term (ds/dt)(dT/dt): - Rewrite dT/dt using the chain rule:   dT/dt = (dT/ds)(ds/dt) 

- Substituting, the second term becomes:   (ds/dt)(dT/ds)(ds/dt) = (ds/dt)²(dT/ds) 

From the definition of Normal: dT/ds = κN  (ds/dt)²κN	

a = (d²s/dt²)T + κ(ds/dt)²N 

This shows that the acceleration vector has two components:  

- Tangential acceleration: (d²s/dt²)T=
ௗ

ௗ௧
|𝑣|T, which changes the speed. 
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- Normal acceleration: κ(ds/dt)²N, which changes the direction of motion. 

Definition:  

The acceleration vector is written as 𝑎 ൌ 𝑎்𝑇 ൅ 𝑎ே𝑁 then 𝑎் ൌ
ௗమ௦

ௗ௧మ
ൌ

ௗ

ௗ௧
|𝑣| and 𝑎ே ൌ 𝐾 ቀ

ௗ௦

ௗ௧
ቁ
ଶ
ൌ k|𝑣|ଶ 

are the tangential and normal scalar Components of acceleration. 

Remark: 

The formula for Calculate the normal Component of Acceleration is 𝑎ே ൌ ඥ|𝑎|ଶ െ 𝑎்
ଶ  

Example:  

Find the acceleration of the motion 𝑟ሺ𝑡ሻ ൌ ሺcos 𝑡 ൅ 𝑡 sin 𝑡ሻ𝑖 ൅ ሺsin 𝑡 െ 𝑡 cos 𝑡ሻ𝑗, 𝑡 ൐ 0     

in the form 𝑎 ൌ 𝑎் ⋅ 𝑇 ൅ 𝑎ே𝑁. 

Sol:  

1. find 𝑎் ൌ
ௗ

ௗ௧
|𝑣| 

𝑣 ൌ
𝑑𝑟
𝑑𝑡

ൌ ሺെsin 𝑡 ൅ 𝑡cos 𝑡 ൅ sin 𝑡ሻ𝑖 ൅ ሺcos 𝑡 ൅ 𝑡sin 𝑡

 െcos 𝑡ሻ𝑗
 ൌ ሺ𝑡cos 𝑡ሻ𝑖 ൅ ሺ𝑡sin 𝑡ሻ𝑗

|𝑣| ൌ ඥ𝑡ଶcosଶ 𝑡 ൅ 𝑡ଶsinଶ 𝑡 ൌ ඥ𝑡ଶ ൌ 1𝑡ቁ ൌ 𝑡

 𝑎் ൌ
𝑑
𝑑𝑡

|𝑣| ൌ
𝑑
𝑑𝑡
ሺ𝑡ሻ ൌ 1

 

2. find 𝑎ே ൌ 𝐾|𝜈|ଶ or  𝑎ே ൌ ඥ|𝑎|ଶ െ 𝑎்
ଶ  

𝑎 ൌ ሺcos 𝑡 ൅ 𝑡sin 𝑡ሻ𝑖 ൅ ሺsin 𝑡 െ 𝑡cos 𝑡ሻ𝑗 

|𝑎| ൌ ඥሺcos 𝑡 ൅ 𝑡sin 𝑡ሻଶ ൅ ሺsin 𝑡 െ 𝑡cos 𝑡ሻଶ 

∴ |𝑎| ൌ ඥ𝑡ଶ ൅ 1
 |𝑎|ଶ ൌ 𝑡ଶ ൅ 1

 

 

 


