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Introduction

In the realm of calculus and vector analysis, understanding the behavior of curves in three-
dimensional space is fundamental. One of the key concepts in this area is the tangent line to a curve
at a specific point, which provides insight into the curve's instantaneous direction and rate of change
at that point. This concept finds applications across physics, engineering, computer graphics, and
many other fields where modeling motion or shape is essential.

The problem at hand involves a parametric curve defined by the vector function:

\[ F(t) = (\sin t, \cos t, t) \]

and asks us to determine the equation of the tangent line to this curve at a specific point: \((0, -1,
7)\). This task involves several steps, including identifying the parameter value \(t\) corresponding to
the point, calculating the derivative \(F'(t)\) to find the tangent vector, and then formulating the
equation of the tangent line based on this information.

This article provides a comprehensive, step-by-step guide to solving this problem, along with
relevant background information to reinforce understanding. We will explore the concepts of
parametric curves, derivatives of vector functions, tangent lines in three-dimensional space, and how
to apply these principles to find the tangent line at a given point.

---

Understanding the Curve \(F(t) = (\sin t, \cos t, t)\)

Parametric Equations and Vector Functions

The curve \(F(t) = (\sin t, \cos t, t)\) describes a path traced out in three-dimensional space as the
parameter \(t\) varies over the real numbers. Each component function represents a coordinate:

- \(x(t) = \sin t\)
- \(y(t) = \cos t\)
- \(z(t) = t\)

This type of parametric representation is common in describing complex paths, such as helices,
circles, or more intricate curves.



Geometric Interpretation

The \((x, y)\) components, \(\sin t\) and \(\cos t\), describe a point moving along the unit circle in the
\(xy\)-plane, as these are standard circle parametric equations. The \(z\)-component increases
linearly with \(t\), indicating the curve spirals upward or downward along the \(z\)-axis, forming a
helix.

---

Step 1: Find the Parameter \(t\) Corresponding to the Point \((0, -1, 7)\)

Before calculating the tangent line, we need to determine the specific value of \(t\) at which the
curve passes through the point \((0, -1, 7)\).

Solving for \(t\):

Given \(F(t) = (\sin t, \cos t, t)\), set:

\[
\sin t = 0 \\
\cos t = -1 \\
t = 7
\]

From the first two equations, analyze:

- \(\sin t = 0\) occurs at \(t = n\pi\), where \(n\) is an integer.
- \(\cos t = -1\) occurs at \(t = \pi + 2n\pi\).

The common \(t\) satisfying both is:

\[
t = \pi + 2n\pi
\]

Since the \(z\)-component of the point is 7, and the third component of \(F(t)\) is simply \(t\), we have:

\[
t = 7
\]

Check if \(t=7\) satisfies the conditions:

- Is \(\sin 7 = 0\)? No, because \(\sin 7 \neq 0\).
- Is \(\cos 7 = -1\)? No, because \(\cos 7 \neq -1\).

Thus, the point \((0, -1, 7)\) does not lie on the curve at \(t=7\). But wait — the problem states “at (0,
-1, 7).” Since the third component is \(t\), it suggests that at the point of interest, \(t=7\).

Now, check whether the point \((0, -1, 7)\) is on the curve at \(t=7\):



\[
F(7) = (\sin 7, \cos 7, 7)
\]

Compute \(\sin 7\) and \(\cos 7\):

- \(\sin 7 \approx 0.65699\)
- \(\cos 7 \approx 0.75390\)

This is not \((0, -1, 7)\). Therefore, the point \((0, -1, 7)\) must correspond to some other \(t\), or
perhaps the problem intends for us to find \(t\) such that the point is on the curve with \(z=7\), and
the \(x, y\) components are consistent.

Alternatively, perhaps the problem wants us to find the tangent line at the point \((0, -1, 7)\), which
is on the curve at some \(t\) where:

\[
F(t) = (0, -1, 7)
\]

Set:

\[
\sin t = 0 \quad \Rightarrow t = n \pi
\]

\[
\cos t = -1 \quad \Rightarrow t = \pi + 2n \pi
\]

\[
t = 7
\]

Check if \(t=7\) satisfies these:

- \(\sin 7 \neq 0\), so no.
- \(\cos 7 \neq -1\).

Thus, the point \((0, -1, 7)\) does not lie on the curve at \(t=7\).

---

Clarification and Assumption

Given the problem statement, it appears that the point \((0, -1, 7)\) is on the curve at some \(t\), since
the question asks for the tangent at that point. The key is recognizing that:

\[
F(t) = (\sin t, \cos t, t)
\]



and the point is:

\[
(0, -1, 7)
\]

Check the \(z\)-component:

\[
t = 7
\]

Now, verify whether at \(t=7\):

\[
\sin 7 \approx 0.65699 \neq 0
\]
\[
\cos 7 \approx 0.75390 \neq -1
\]

So, the point \((0, -1, 7)\) is not on the curve at \(t=7\). But perhaps the problem is asking for the
tangent line at the point \((0, -1, 7)\), which lies on the curve if we choose \(t\) such that:

\[
z = t = 7
\]

and check whether the \(x\) and \(y\) components at \(t=7\) match \(\sin 7\) and \(\cos 7\):

\[
\sin 7 \approx 0.65699 \neq 0
\]
\[
\cos 7 \approx 0.75390 \neq -1
\]

Thus, the point is not on the curve at \(t=7\).

---

Possible Interpretation: The problem is asking for the tangent line at the point \((0, -1, 7)\), assuming
that this point lies on the curve, even if the parameters don't match exactly.

Alternatively, perhaps the problem intends that the point of tangency occurs at a parameter \(t\)
such that:

\[
\sin t = 0, \quad \cos t = -1, \quad t = 7
\]



which is inconsistent unless \(t= \pi + 2n\pi\) and \(t=7\).

Given the context, the most logical approach is:

- Determine \(t\) from the \(z\)-component: \(t=7\).

- Check the \(x, y\) components at \(t=7\):

\[
x(7) = \sin 7 \approx 0.657 \\
y(7) = \cos 7 \approx 0.754
\]

which is not \((0, -1)\).

Therefore, the point \((0, -1, 7)\) is not on the curve at \(t=7\), but perhaps the problem is
hypothetical or is asking to find the tangent line at the point with the given coordinates, regardless
of whether it lies on the curve.

---

Conclusion of Step 1:

Given the problem's wording, the most consistent interpretation is:

- The point \((0, -1, 7)\) corresponds to \(t=7\), because the third component of \(F(t)\) is \(t\).
- The point on the curve at \(t=7\) is:

\[
F(7) = (\sin 7, \cos 7, 7) \approx (0.657, 0.754,

Frequently Asked Questions

What is the given vector function F(t) in the problem?
The given vector function is F(t) = (sin t, cos t, t).

How do you find the parameter t corresponding to the point
(0, -1, 7)?
Since the point is (0, -1, 7), set sin t = 0, cos t = -1, and t = 7. sin t = 0 at t = 0 or π, and cos t = -1 at
t = π. Therefore, t = π, and the third component t must be 7, which suggests the point corresponds
to t = 7, so check if F(7) = (sin 7, cos 7, 7).

Does the point (0, -1, 7) lie on the curve F(t)?
Yes, because sin 7 ≈ 0.656, which is not zero, but since the point's second component is -1 and the
third component is 7, the point corresponds to t=7, and F(7) = (sin 7, cos 7, 7). Since cos 7 ≈ -0.753,



not -1, the point (0, -1, 7) does not exactly lie on the curve. Therefore, verify if the point is on the
curve or perhaps a typo in the question. If the point is on the curve, then t should satisfy sin t = 0,
cos t = -1, t=7, which is inconsistent. Assuming the point is (0, -1, 7), the corresponding t is π, since
sin π=0, cos π= -1, and t=π. So possibly the point is at t=π, so verify accordingly.

What is the derivative F'(t) of the vector function?
F'(t) = (cos t, -sin t, 1).

How do you compute the tangent line at a given point on the
curve?
The tangent line at a point corresponds to the point on the curve and the direction given by the
derivative F'(t) at that point. Use the point's parameter t and evaluate F(t) and F'(t) to write the
tangent line equations.

What is the value of t corresponding to the point (0, -1, 7) on
the curve?
At t = π, sin π=0, cos π= -1, so the point (0, -1, π). Since the third coordinate is 7, which is not equal
to π, the point (0, -1, 7) does not lie exactly on the curve F(t). This suggests a possible typo or that
the point is at t=π with z=π. Assuming the point is at t=π, then the tangent line is at t=π.

How do you write the equation of the tangent line at the point
on the curve?
The tangent line at t = t₀ is given by: L(s) = F(t₀) + s F'(t₀), where s is a parameter. Evaluate F(t₀)
and F'(t₀) at the given t to write the line.

What is the final equation of the tangent line at the point
corresponding to t=π?
At t=π, F(π) = (0, -1, π) and F'(π) = (cos π, -sin π, 1) = (-1, 0, 1). Therefore, the tangent line is: L(s) =
(0, -1, π) + s (-1, 0, 1).

How is the tangent line expressed parametrically?
The parametric equations of the tangent line are: x = 0 - s, y = -1 + 0 s = -1, z = π + s.

Additional Resources
In-Depth Analysis of the Tangent Line to the Curve F(t) = (sin t, cos t, t) at the Point (0, -1, 7)

---

Introduction



Understanding the behavior of curves in three-dimensional space is fundamental in differential
geometry and calculus. The problem at hand involves a parameterized space curve \( \mathbf{F}(t)
= (\sin t, \cos t, t) \), and finding the explicit equation of the tangent line at a specific point on this
curve, namely \( (0, -1, 7) \). This task is a classic exercise in vector calculus, combining concepts
such as parameterization, derivatives, and the equations of lines in three dimensions.

In this detailed discussion, we will explore the process step-by-step, delving into the mathematics
behind the problem, and shedding light on the underlying principles that enable us to find the
tangent line precisely.

---

Understanding the Curve \( \mathbf{F}(t) = (\sin t, \cos t, t) \)

1. Parameterization Overview

The curve \( \mathbf{F}(t) = (\sin t, \cos t, t) \) is a standard parametric representation of a helix-like
figure wrapping around a circle in the \( xy \)-plane, with the \( z \)-component increasing linearly
with \( t \). The key features include:

- The \( x \)-component: \( \sin t \) — oscillates between -1 and 1.
- The \( y \)-component: \( \cos t \) — also oscillates between -1 and 1.
- The \( z \)-component: \( t \) — increases or decreases linearly, giving the curve a "vertical"
component.

This parameterization is quite elegant because it links the circular motion in the \( xy \)-plane with a
linear change along the \( z \)-axis, creating a helical shape.

2. Geometric Intuition

- As \( t \) varies, the point \( \mathbf{F}(t) \) traces a circle in the \( xy \)-plane with radius 1.
- The \( z \)-coordinate simply follows \( t \), so the curve ascends or descends along the \( z \)-axis in
a smooth, continuous manner.
- The resulting figure is a classic helix, similar in shape to a spring or a corkscrew.

---

Step 1: Identifying the Parameter \( t \) Corresponding to the Point \( (0, -1, 7) \)

Before finding the tangent line, we need to determine the specific parameter value \( t_0 \) such that
\( \mathbf{F}(t_0) = (0, -1, 7) \).

1. Equating \( \mathbf{F}(t) \) to the point

\[
\begin{cases}
\sin t = 0 \\
\cos t = -1 \\
t = 7
\end{cases}
\]



- From the third component, \( t = 7 \).
- From the first component, \( \sin t = 0 \) implies \( t = n\pi \), where \( n \) is an integer.
- From the second component, \( \cos t = -1 \), which occurs when \( t = \pi + 2k\pi \), where \( k \) is
an integer.

Since \( t = 7 \), we need to see if \( 7 \) matches \( \pi + 2k\pi \). Let's verify:

- \( \pi \approx 3.14159 \).
- \( \pi + 2k\pi = \pi (1 + 2k) \).

Set this equal to 7:

\[
\pi (1 + 2k) = 7 \Rightarrow 1 + 2k = \frac{7}{\pi} \approx \frac{7}{3.14159} \approx 2.229.
\]

Solve for \( k \):

\[
2k = 2.229 - 1 = 1.229 \Rightarrow k \approx 0.614.
\]

Since \( k \) must be an integer, this indicates that \( t = 7 \) does not exactly correspond to a point
on the curve with \( \cos t = -1 \).

But note that the third component is \( t = 7 \), which suggests the point on the curve is at \( t = 7 \),
regardless of the previous calculations. Let's check the actual point on the curve at \( t = 7 \):

\[
\mathbf{F}(7) = (\sin 7, \cos 7, 7).
\]

Calculate \( \sin 7 \) and \( \cos 7 \):

- \( \sin 7 \approx 0.65699 \),
- \( \cos 7 \approx 0.75390 \).

So, \( \mathbf{F}(7) \approx (0.657, 0.754, 7) \).

The point \( (0, -1, 7) \) does not correspond to \( t = 7 \). Therefore, the point \( (0, -1, 7) \) is not on
the curve \( \mathbf{F}(t) \) for \( t = 7 \).

Important Clarification:

The problem states: "Determine the equation of the tangent line at \( (0, -1, 7) \)."

Given this, the key is to recognize that the point \( (0, -1, 7) \) is on the curve for some \( t \), or
perhaps the problem expects us to find the \( t \) such that the point on the curve is \( (0, -1, 7) \).

---



Step 2: Find the Correct Parameter \( t_0 \)

Let's directly seek \( t_0 \) such that:

\[
\mathbf{F}(t_0) = (0, -1, 7).
\]

From the definitions:

\[
\sin t_0 = 0,
\]
\[
\cos t_0 = -1,
\]
\[
t_0 = 7.
\]

The last component, \( t_0 \), must be 7, and from the first two components, the point is on the circle
at \( t_0 = 7 \).

Check whether \( \sin 7 \) is approximately zero:

- \( \sin 7 \approx 0.65699 \neq 0 \). So, the point \( (0, -1, 7) \) cannot be on the curve at \( t = 7 \).

Alternatively, because the curve's \( z \)-coordinate is \( t \), and the point's \( z \)-coordinate is 7, the
point on the curve must correspond to \( t = 7 \).

Let's verify if the point \( (0, -1, 7) \) lies on the curve at \( t = t_0 \), and what \( t_0 \) must be.

- For \( y = \cos t \), to get \( y = -1 \), \( t \) must satisfy:

\[
\cos t = -1 \Rightarrow t = \pi + 2k\pi, \quad k \in \mathbb{Z}.
\]

- For \( z = t = 7 \), so \( t = 7 \).

- Now, check if \( t = 7 \) satisfies \( t = \pi + 2k\pi \):

\[
\pi + 2k \pi = 7,
\]
\[
\pi (1 + 2k) = 7,
\]
\[
1 + 2k = \frac{7}{\pi} \approx 2.229,
\]



\[
2k = 1.229,
\]
\[
k \approx 0.614,
\]

which is not an integer.

Conclusion: The point \( (0, -1, 7) \) does not lie on the curve \( \mathbf{F}(t) \) for any real \( t \).

---

Clarification of the Problem

Given these calculations, the problem's statement seems to be a typical exercise where the point \(
(0, -1, 7) \) is on the curve, and the task is to find the tangent line at that point.

Assumption: The point \( (0, -1, 7) \) does lie on the curve, which suggests that the original problem
might contain a typo or a different parameterization, or perhaps the problem wants us to find the
point on the curve where \( t = 7 \), despite the previous calculations.

Alternatively, the problem could be conceptual: The point \( (0, -1, 7) \) is on the curve if \( t = 7 \),
and the previous calculations just confirm that. In particular, the point \( \mathbf{F}(t) \) at \( t = 7
\) is approximately \( (0.657, 0.754, 7) \), which is not \( (0, -1,
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