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Understanding how geometric transformations such as translation affect the
coordinates and properties of a triangle is fundamental in coordinate
geometry. In this article, we explore the translation of triangle PQR with
vertices at P(4, 0), Q(6, 4), and R(5, 1). We will analyze what happens when
this triangle is translated so that it shifts to a new position in the
coordinate plane, examine the implications on its shape and size, and discuss
related concepts like translation vectors, congruence, and coordinate
transformations.

Introduction to Coordinate Geometry and
Translation

Coordinate geometry provides a powerful framework for analyzing geometric
figures using algebraic methods. Every point in the plane can be represented
with an ordered pair (x, y), which indicates its position relative to the x-
axis and y-axis.

Translation is one of the fundamental transformations in coordinate geometry.
It involves shifting a figure from one position to another without altering
its size, shape, or orientation. This is achieved by adding a constant value
to the x and y coordinates of each vertex.

Key properties of translation:

— It preserves the shape and size of the figure (congruence).

— All points move in the same direction and by the same distance.
— The figure's orientation remains unchanged.

— The translation can be described by a vector, called the translation
vector.

Coordinates of Triangle PQR

Let's revisit the initial coordinates of triangle PQR:

- P(4r O)
- Q(6, 4)
- R(5, 1)

These points define the original position of the triangle. Visualizing these



points on the coordinate plane helps understand how translation affects their
positions.

Plotting the points:

- P is 4 units along the x-axis, at y=0.
- Q is 6 units along the x-axis, and 4 units up.
- R is 5 units along the x-axis, and 1 unit up.

Understanding Translation: The Basic Concept

A translation moves every point of a figure by the same amount in a given
direction. The translation is specified by a vector, often written as
\ (\vec{d} = (a, b)\), where:

- \(a\) 1s the horizontal translation (positive for right, negative for
left).

- \(b\) 1is the vertical translation (positive for upward, negative for
downward) .

Example:
If the translation vector is \ (\vec{d} = (3, 2)\), then every point \ ((x,
y)\) moves to \((x + 3, y + 2)\).

Performing a Translation on Triangle PQR

Suppose the triangle PQR is translated so that its new position is determined
by a translation vector \(\vec{d} = (a, b)\). Then, each vertex's new
coordinates are:

- \(P'" = (4 +a, 0+ Db)\)
- \(Q' (6 + a, 4 + b)\)
- \(R' = (5 +a, 1 + Db)\)

The specific choice of \ (\vec{d}\) will determine where the triangle 1is
shifted in the plane.

Common types of translations:

— Horizontal shift only: \ (\vec{d} = (a, 0)\)
- Vertical shift only: \ (\vec{d} = (0, b)\)
- Diagonal shift: \(\vec{d} = (a, b)\)

Examples of Translations and Their Effects

Example 1: Translation by \ (\vec{d} = (2, 3)\)



- \(P'" = (4 +2, 0+ 3) = (6, 3)\)
- \N(Q'" = (6 +2, 4+ 3) = (8 T)\)
- \(R'" = (5 + 2, 1 +3) = (7, 4\)

Effect: The entire triangle shifts 2 units to the right and 3 units upward.
Its size and shape remain unchanged, and the figure stays congruent to the
original.

Example 2: Translation by \ (\vec{d} = (-3, -1)\)
- \(P'" = (4 -3, 0-1)= (1, -1)\)
- \N(Q' = (6 -3, 4 -1) = (3, 3)\)
- \(R' = (5 - 3/ 1 - l) = (21 O)\)

Effect: The triangle moves 3 units to the left and 1 unit downward.

Impact of Translation on Triangle Properties

While translation shifts the position of the triangle, it does not alter its:
— Side lengths: The distances between vertices remain the same.

— Angles: The measures of the interior angles stay unchanged.

— Area: The area of the triangle remains constant.

— Shape and size: The overall shape and size are preserved.

This makes translation a rigid transformation, meaning it preserves the
figure's congruence.

Calculating the Translated Coordinates

To perform a translation, follow these steps:

1. Identify the translation vector \ (\vec{d} = (a, b)\).
2. Add the vector components to each vertex coordinate:

\ [
\begin{cases}
x' = x + a \\
y' =y +b
\end{cases}
\]

3. Apply these formulas to each vertex:

For P(4, 0):



\]

Similarly for Q and R.

Real-World Applications of Translation in
Geometry

Understanding translation has numerous practical applications, including:
- Mapping and navigation: Moving objects from one coordinate position to
another.

— Computer graphics: Shifting images or shapes on a screen.

- Robotics: Moving robots or components along specified paths.
— Architectural design: Positioning components accurately within a plan.

Analyzing Specific Translations of Triangle PQR

Let's explore some specific translation cases for triangle PQR and analyze
their effects.

Case 1: Translation to the Right by 3 Units
- Translation vector: \(\vec{d} = (3, 0)\)

— New vertices:

\ [

\begin{cases}

P'" = (4 + 3, 0) = (7, 0) \\
Q' = (6 + 3, 4) = (9, 4) \\
R' = (5 + 3, 1) = (8, 1)
\end{cases}

\]

Result: The triangle shifts entirely 3 units to the right.
Case 2: Translation Upward by 2 Units
- Translation vector: \ (\vec{d} = (0, 2)\)

- New vertices:

\ [

\begin{cases}

P' = (4, 0 + 2) = (4, 2) \\
Q' = (6, 4 + 2) = (6, 6) \\
R' = (5, 1 + 2) = (5, 3

\end{cases}

\]



Result: The triangle moves 2 units upward.
Case 3: Diagonal Shift (Left 2, Down 3)
— Translation vector: \ (\vec{d} = (-2, -3)\)

— New vertices:

\ [

\begin{cases}

P'"= (4 -2, 0-23) = (2, -3) \\
Q' = (6 -2, 4 - 3) = (4, 1) \\
R' = (5 -2, 1 -3) = (3, -2)
\end{cases}

\]

Result: The triangle moves diagonally left and downward.

Visualizing Translated Triangle

Plotting the original and translated vertices on a coordinate plane helps
visualize the effect of translation. When performing these translations, the
overall shape and size of the triangle remain the same, but its position
changes according to the translation vector.

Mathematical Significance of Translations in
Coordinate Geometry

Translations are fundamental in understanding more complex transformations
such as rotations, reflections, and dilations. They serve as building blocks
for composite transformations and are essential in:

- Solving geometric problems.
— Designing computer graphics.
- Modeling real-world physical movements.

Key takeaway: Translation preserves all distances and angles, making it a
congruence-preserving transformation.

Summary and Conclusion

In this comprehensive exploration, we've examined the effects of translating
triangle PQR with vertices at P(4, 0), Q(6, 4), and R(5, 1). Translations
involve shifting all points by a common vector, leading to a new position
while maintaining the triangle's shape and size.



Key points:

Frequently Asked Questions

What are the coordinates of triangle PQR before
translation?

How do you determine the translation vector for
moving triangle PQR to a new position?

Subtract the original coordinates from the desired new coordinates for each
vertex to find the translation vector.

If triangle PQR is translated so that point P moves
to (7, 3), what is the translation vector?

The translation vector is (7 - 4, 3 - 0) = (3, 3).

After translating triangle PQR with wvector (3, 3),
what are the new coordinates of points Q and R?

Q(6, 4) becomes (6 + 3, 4 + 3) = (9, 7); R(5, 1) becomes (5 + 3, 1 + 3) = (8,
4) .

What is the purpose of translating a triangle in
coordinate geometry?

To move the entire triangle to a new position without changing its size or
shape.

How can you verify that the translation preserves the
shape and size of the triangle?

By calculating the side lengths before and after translation to ensure they
remain the same.

What is the general formula for translating a point
(x, y) by a vector (a, b)?

The new point is (x + a, y + b).

Additional Resources
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Triangle Is Translated So That

Introduction: Understanding Coordinate Geometry
and Translation

In the realm of coordinate geometry, the study of triangles and their
transformations provides foundational insights into how shapes behave under
various operations. At its core, coordinate geometry involves plotting points
in a coordinate plane, analyzing their positions, and understanding how these
positions change under transformations such as translation, rotation,
reflection, and dilation.

The specific case of Triangle PQR with vertices at P (4, 0), Q(6, 4), and R(5,
1) offers a compelling scenario to explore the effects of translation—a
fundamental transformation that involves shifting a shape without altering
its size or orientation. The phrase "If the triangle is translated so
that..." hints at an array of possibilities, from repositioning the triangle
to align with a specific point, to moving it to a new location for purposes
of analysis or visualization.

This article aims to provide a comprehensive, detailed understanding of the
implications of translating Triangle PQR, exploring the geometric principles
involved, the mathematical procedures for performing such a translation, and
the potential applications of this understanding in fields such as
mathematics education, computer graphics, engineering, and more.

Section 1: Coordinates and Properties of
Triangle PQR

1.1 The Coordinates of Vertices

The vertices of Triangle PQR are given as:

- P(4, 0)
- Q(6, 4)
- R(5, 1)

These points are plotted on the Cartesian plane, forming a triangle with
specific geometric properties. Each point's coordinate indicates its position
relative to the origin, with the first value representing the horizontal (x-
axis) position and the second value representing the vertical (y-axis)
position.

1.2 Visualizing the Triangle

Plotting these points provides a visual context:
— Point P is located 4 units along the x-axis and at the origin wvertically.
- Q is 6 units along the x—-axis and 4 units up.



- R is 5 units along x and 1 unit up.

Connecting these points forms Triangle PQR, which appears as a scalene
triangle with no two sides necessarily equal. Visual inspection suggests a
shape that is slightly skewed, with vertices not aligned horizontally or
vertically in a straightforward manner.

1.3 Calculating Side Lengths and Area

Understanding the properties of the triangle involves calculating side
lengths using the distance formula:
N[ d = \sgrt{(x_2 - x_1)"2 + (y_2 - y_1)"2} \]

Applying this:

- PQ: \[ \sgrt{(6-4)"2 + (4-0)"2} = \sqgrt{2"2 + 472} = \sqrt{4 + 16} =
\sqrt{20} \approx 4.47 \]

- QR: \[ \sgrt{(5-6)7"2 + (1-4)"2}
\sgrt{10} \approx 3.16 \]

- RP: \[ \sgrt{(5-4)"2 + (1-0)"2}
\]

\sgrt{ (-1)"2 + (=3)7"2} = \sqgrt{l + 9} =

\sgrt{1"2 + 172} = \sqrt{2} \approx 1.41

The side lengths help determine the triangle's shape, while the area can be
calculated using the shoelace formula or Heron's formula, providing further
insight into the triangle's size and scale.

Section 2: The Concept of Translation in
Coordinate Geometry

2.1 Definition and Nature of Translation

Translation is a rigid motion that moves every point of a shape or object by
the same distance in a specified direction. Unlike rotation or reflection,
translation does not alter the size, shape, or orientation of the object; it
simply repositions it in the plane.

Mathematically, translation can be described as adding a fixed vector (called
the translation vector) to each coordinate point:

\[ (x, y) \rightarrow (x + h, y + k) \]

where:

- \( h \) is the horizontal shift

- \( k \) is the vertical shift

This vector defines the movement's magnitude and direction.

2.2 Importance of Translation in Geometry and
Applications

Understanding translation is essential in numerous fields:
- Mathematics Education: Demonstrates fundamental properties of congruence
and shape preservation.



— Computer Graphics: Used to animate or position objects within a scene
without changing their appearance.

— Engineering and Design: Translates components or parts to desired
positions.

- Navigation and Mapping: Moves coordinate data for alignment or correction.

2.3 Mathematical Representation of Translation

Suppose we want to translate Triangle PQR so that a particular vertex, say P,
moves to a new position \( P' \). To do so, we identify the translation
vector based on the initial and desired positions.

For example, if the goal is to move P (4, 0) to a new point \( P'(x', y") \),
then the translation wvector is:
\N[ (h, k) = (x' = 4, y'" - 0) \]

Applying this translation vector to all vertices ensures the entire triangle
moves cohesively.

Section 3: Performing Translations on Triangle
POR

3.1 General Approach to Translation

To translate Triangle PQR:

1. Decide the destination point (s) or the translation wvector.
2. Apply the translation vector to each vertex:

\[ (x, y) \rightarrow (x + h, y + k) \]

3. Plot the new vertices to visualize the translated triangle.

3.2 Case Studies of Specific Translations

Let's explore several scenarios:

Scenario 1: Moving P to the Origin

- Goal: \( P" = (0, 0) \)

- Translation vector: \( (h, k) = (0 — 4, 0 - 0) = (-4, 0) \)
Applying:

- \( P(4, 0) \rightarrow (4 - 4, 0 + 0) = (0, 0) \)

- \( Q(6, 4) \rightarrow (6 — 4, 4 + 0) = (2, 4) \)

- \( R(5, 1) \rightarrow (5 - 4, 1 + 0) = (1, 1) \)

The translated triangle has vertices at (0, 0), (2, 4), and (1, 1). The shape
is preserved, but its location shifts to the lower-left corner of the plane.

Scenario 2: Moving Q to a Specific Point
Suppose Q is to be moved to (10, 10):

- \( Q(6, 4) \rightarrow (10, 10) \)

- Translation vector: \( (10 - 6, 10 - 4)
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Applying:

- \( P(4, 0) \rightarrow (4 + 4, 0 + 6) = (8, 6) \)
- \( R(5, 1) \rightarrow (5 + 4, 1 + 6) = (9, 7) \)
The new vertices are at (8, 6), (10, 10), and (9, 7). The shape remains

congruent to the original but is shifted accordingly.

Scenario 3: Moving the Entire Triangle to a Desired Location
Suppose the goal is to move the triangle so that point R coincides with the

origin:

- \( R(5, 1) \rightarrow (0, 0) \)

- Translation vector: \( (h, k) = (0 - 5, 0 — 1) = (=5, -1) \)
Applying:

- \( P(4, 0) \rightarrow (4 - 5, 0 - 1) = (-1, -1) \)

- \( Q(6, 4) \rightarrow (6 — 5, 4 - 1) = (1, 3) \)

- \( R(5, 1) \rightarrow (0, 0) \)

This repositioning allows for easy analysis or further transformations
centered around R.

3.3 Visual and Geometric Consequences

In each scenario, the shape's size and angles are preserved, but its position
changes. This is crucial in applications where maintaining shape congruence
is necessary. Moreover, understanding the translation process helps in
solving more complex problems such as overlapping shapes, fitting objects
into specific spaces, or modeling real-world movements.

Section 4: Analytical and Graphical Analysis of
Translated Triangle

4.1 Coordinate Calculations and Visualization

Using coordinate plotting tools or graph paper, we can visualize the original
and translated triangles to compare their positions and verify the
correctness of the translation vectors.

Graphical visualization:
- Plot original wvertices P, Q, R.
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