
Spherical Trigonometry Problems With
Solutions

Spherical trigonometry problems are fascinating and complex mathematical challenges that arise in
the study of spherical shapes and the relationships between angles and distances on the surface of
spheres. Unlike planar trigonometry, which deals with flat surfaces, spherical trigonometry is
essential in fields such as astronomy, navigation, and geodesy, where the Earth is approximated as a
sphere. In this article, we will delve into various spherical trigonometry problems, offering a range
of solutions and explanations to enhance understanding.

Understanding Spherical Trigonometry

Spherical trigonometry focuses on the properties and relationships of spherical triangles. A
spherical triangle is formed by three points (vertices) on a sphere, connected by arcs of great circles
(the shortest path between two points on a sphere). The essential components of spherical triangles
include:

- Vertices: The three points on the sphere.
- Sides: The arcs of great circles connecting the vertices.
- Angles: The angles between the sides, measured at the vertices.

Key Formulas in Spherical Trigonometry

To tackle spherical trigonometry problems, it is crucial to familiarize yourself with some key
formulas and theorems, including:



1. Sine Rule:
\[
\frac{\sin a}{\sin A} = \frac{\sin b}{\sin B} = \frac{\sin c}{\sin C}
\]
where \( a, b, c \) are the lengths of the sides, and \( A, B, C \) are the angles opposite those sides.

2. Cosine Rule for Sides:
\[
\cos a = \cos b \cos c + \sin b \sin c \cos A
\]

3. Cosine Rule for Angles:
\[
\cos A = -\cos B \cos C + \sin B \sin C \cos a
\]

These formulas are foundational for solving various problems in spherical trigonometry.

Spherical Trigonometry Problems

Now let's explore some representative problems in spherical trigonometry, along with detailed
solutions.

Problem 1: Finding the Angle of a Spherical Triangle

Problem Statement: Given a spherical triangle with sides \( a = 60^\circ \), \( b = 70^\circ \), and \( c
= 80^\circ \), find the angle \( A \) opposite side \( a \).

Solution:
To find angle \( A \), we will use the cosine rule for angles:
\[
\cos A = -\cos B \cos C + \sin B \sin C \cos a
\]
First, we need to calculate \( \cos B \) and \( \cos C \) using the cosine rule for sides:
\[
\cos B = \frac{\cos a - \cos c \cos a}{\sin c \sin a}
\]
\[
\cos C = \frac{\cos a - \cos b \cos a}{\sin b \sin a}
\]

Calculating \( A \):
1. Calculate \( \cos a \):
\[
\cos a = \cos(60^\circ) = 0.5
\]
2. Calculate \( \cos b \):



\[
\cos b = \cos(70^\circ) \approx 0.3420
\]
3. Calculate \( \cos c \):
\[
\cos c = \cos(80^\circ) \approx 0.1736
\]

Substituting these values into the formula for \( A \):
\[
\cos A = -0.3420 \times 0.1736 + 0.9410 \times 0.9848 \times 0.5
\]
Calculating each component yields:
\[
\cos A \approx -0.0595 + 0.4640 \approx 0.4045
\]
Thus, \( A \approx \cos^{-1}(0.4045) \approx 66.3^\circ \).

Problem 2: Area of a Spherical Triangle

Problem Statement: Calculate the area of a spherical triangle with angles \( A = 50^\circ \), \( B =
60^\circ \), and \( C = 70^\circ \).

Solution:
The area \( A \) of a spherical triangle can be found using the formula:
\[
\text{Area} = E - \pi
\]
where \( E \) is the sum of the angles in radians.

1. Convert angles to radians:
- \( A = 50^\circ \times \frac{\pi}{180} \approx 0.8727 \)
- \( B = 60^\circ \times \frac{\pi}{180} \approx 1.0472 \)
- \( C = 70^\circ \times \frac{\pi}{180} \approx 1.2217 \)

2. Sum the angles:
\[
E = A + B + C \approx 0.8727 + 1.0472 + 1.2217 \approx 3.1416
\]

3. Calculate the area:
\[
\text{Area} = E - \pi \approx 3.1416 - 3.1416 = 0
\]

This indicates the spherical triangle's area is approximately zero, a result of the angles being exactly
equal to \( \pi \) radians, which forms a degenerate triangle.



Problem 3: Distance Between Two Points on a Sphere

Problem Statement: Find the distance between two points on the surface of the Earth (approximated
as a sphere) located at latitudes \( 30^\circ N \) and \( 60^\circ N \) and a constant longitude.

Solution:
To find the distance \( d \) between two points on a sphere, we can use the formula:
\[
d = R \cdot \theta
\]
where \( R \) is the radius of the sphere (roughly \( 6371 \) km for Earth) and \( \theta \) is the
angular separation in radians.

1. Calculate the angular separation:
\[
\theta = 60^\circ - 30^\circ = 30^\circ
\]
Converting to radians:
\[
\theta = 30^\circ \times \frac{\pi}{180} = \frac{\pi}{6}
\]

2. Calculate the distance:
\[
d = 6371 \cdot \frac{\pi}{6} \approx 6371 \cdot 0.5236 \approx 3335.5 \text{ km}
\]

Conclusion

Spherical trigonometry problems provide intriguing challenges that require a solid understanding of
spherical geometry, relationships between angles and sides, and the application of various formulas.
By grasping these concepts and practicing different problems, one can gain proficiency in solving
real-world issues that involve spherical shapes, such as navigation, astronomy, and geospatial
analysis. As we have explored, each problem can be addressed systematically using the right
formulas, leading to insightful solutions that deepen our understanding of spherical trigonometry.

Frequently Asked Questions

What is spherical trigonometry and how does it differ from
plane trigonometry?
Spherical trigonometry deals with the relationships between angles and sides of spherical triangles,
which are formed on the surface of a sphere. Unlike plane trigonometry, which operates in two
dimensions, spherical trigonometry accounts for the curvature of the sphere, making its laws and
formulas distinct.



How do you solve a spherical triangle given two sides and the
included angle?
To solve a spherical triangle given two sides (A and B) and the included angle (C), you can use the
spherical law of cosines: cos(c) = cos(a) cos(b) + sin(a) sin(b) cos(C). Here, c is the third side
opposite angle C.

What is the spherical law of sines and how is it applied?
The spherical law of sines states that the ratio of the lengths of sides to the sines of their opposite
angles is constant in a spherical triangle. It can be expressed as sin(A)/a = sin(B)/b = sin(C)/c. This
can be applied to find unknown angles or sides when given sufficient information.

Can you provide a step-by-step solution to a spherical triangle
problem?
Sure! For a spherical triangle with sides a = 60°, b = 70°, and angle A = 45°, use the spherical law
of cosines to find side c: cos(c) = cos(a) cos(b) + sin(a) sin(b) cos(A). Calculate cos(c) and then find c
by taking the arccosine.

What are the common applications of spherical trigonometry?
Spherical trigonometry is commonly used in navigation, astronomy, geodesy, and in the calculation
of distances and angles on the Earth’s surface, which is approximately a sphere.

How do you calculate the area of a spherical triangle?
The area of a spherical triangle can be calculated using the formula: Area = (A + B + C - π) R²,
where A, B, and C are the angles of the triangle in radians, and R is the radius of the sphere.

What is the significance of the spherical excess in spherical
trigonometry?
The spherical excess (E) is the amount by which the sum of the angles of a spherical triangle
exceeds π radians (180°). It is significant because it directly relates to the area of the triangle on the
sphere and is used in various calculations involving spherical triangles.

How can spherical trigonometry be used to calculate distances
between two points on the Earth?
To calculate the distance between two points on the Earth using spherical trigonometry, you can
employ the haversine formula or spherical law of cosines. Given the latitudes and longitudes of the
two points, convert them to radians, then use the spherical law of cosines: d = R arccos(sin(lat1)
sin(lat2) + cos(lat1) cos(lat2) cos(lon2 - lon1)).
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Spherical Trigonometry Problems With Solutions

如何评价球面卷积神经网络 (Spherical CNNs)？ - 知乎
而在2018年的ICLR上，Cohen推出了一篇极具应用潜力的oral paper：球面CNN（Spherical CNN），把卷积网络推广到球面图像的特征提取上，并且巧
妙地利用广义傅里叶变换实现快速群卷积（互相关）操作。

拼接球面全景图（Spherical Panoramas），有哪些高效的算法？
拼接球面全景图（Spherical Panoramas），有哪些高效的算法？ 已经有50张图片，且知道了每张图片拍摄的焦距、视角、旋转角度 (yaw,ptich,roll)或者
是theta、phi，如何高效的实现全景图拼接？

矢量球谐函数（vector spherical harmonic）的相关学习资料有哪 …
矢量球谐函数（vector spherical harmonic）的相关学习资料有哪些？ 球谐函数（spherical harmonic），矢量球谐函数（vector spherical
harmonic）的相关学习资料有哪些？ 显示全部 关注者 14 被浏览

sphere CNN - 知乎
在计算球面卷积（spherical CNN）的时候，对图像和卷积核进行傅里叶变换，然后通过矩阵相乘和傅里叶逆变换，来进行卷积。 其中，图像就是球面图像，第一层卷积网络的卷积
核是在s2球面上卷积，从第二层开始后面的卷积核都是在SO (3)群上的卷积。

如何理解spherical tensor？ - 知乎
如何理解spherical tensor？ 学量子力学的时候始终不能理解一个spherical tensor作用在｜jm>上是什么意义。 所以也不能理解wigner－eckart
theorem，… 显示全部 关注者 13 被浏览

请问7种几何像差（球差、彗差、像散、场曲、畸变、位置色差、 …
需要另外说明下，在图3中，在沿光轴方向和高斯面间的偏离X′T，称为宽光束的子午场曲。 当不考虑X′T时，可以认为子午彗差K′T是在高斯像面上量度的。 从光能量传输的观点看，主
光线和像平面交点附近光能量最集中，即图3中点B′最亮，而上、下光线是光束的边缘光线，它们的交点B′T离开 …

由 NeRF 到 Plenoxels 的进化是如何做到的？ - 知乎
Given a set of images of an object or scene, we reconstruct a(a) sparse voxel grid with density and
spherical harmonic coefficientsat each voxel. To render a ray, we(b)compute the color and opacity of
each sample point via trilinear interpolation of the neighboring voxel coefficients.

贝塞尔函数及其性质 - 知乎
贝塞尔方程 (the Bessel differential equation)在物理学诸多领域都有非常广泛的应用，如柱坐标下波的传播，薛定谔方程的解，薄膜振动，热传导等等。下面不加证
明地总结贝塞尔函数的一些性质，相关证明较为繁琐，可查看相关专著，如：《数学物理方法》—吴崇试等； 《数学物理方法》— …

为人熟知的世界权威市场数据调查机构都有哪些？ - 知乎
小海先来猜测一下题主提出这个问题的意图，是公司有新产品上市需要做市场调研？还是想做一下品牌分析和估值？或者了解一下竞品的情况？还是，又要写论文了？ 诚然，不管出于什么目的，
引用权威的市场数据协助判断，总比闭门造车要好。现在的市场形势极为多变，所以需要通过各种方 …

是否存在可完美啮合的球状齿轮？ - 知乎
查了一下，网上有个视频，球面上布满了齿，应该就是题主所说的吧。 我个人认为，这样的齿轮理论上和传统齿轮是没有区别的，数学原理都是共轭曲面。齿廓应该也和传统齿轮一样 (例如渐开
线)，唯一不同的是，基圆是在齿宽方向上是变化的，有点类似锥齿轮，但是锥齿轮是线性变化的，这 …

如何评价球面卷积神经网络 (Spherical CNNs)？ - 知乎
而在2018年的ICLR上，Cohen推出了一篇极具应用潜力的oral paper：球面CNN（Spherical CNN），把卷积网络推广到球面图像的特征提取上，并且巧
妙地利用广义傅里叶变换实现快速群卷积（互相关） …

拼接球面全景图（Spherical Panoramas），有哪些高效的算法？
拼接球面全景图（Spherical Panoramas），有哪些高效的算法？ 已经有50张图片，且知道了每张图片拍摄的焦距、视角、旋转角度 (yaw,ptich,roll)或者
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是theta、phi，如何高效的实现全景图拼接？

矢量球谐函数（vector spherical harmonic）的相关学习资料有哪 …
矢量球谐函数（vector spherical harmonic）的相关学习资料有哪些？ 球谐函数（spherical harmonic），矢量球谐函数（vector spherical
harmonic）的相关学习资料有哪些？ 显示全部 关注 …

sphere CNN - 知乎
在计算球面卷积（spherical CNN）的时候，对图像和卷积核进行傅里叶变换，然后通过矩阵相乘和傅里叶逆变换，来进行卷积。 其中，图像就是球面图像，第一层卷积网络的卷积
核是在s2球面上卷积， …

如何理解spherical tensor？ - 知乎
如何理解spherical tensor？ 学量子力学的时候始终不能理解一个spherical tensor作用在｜jm>上是什么意义。 所以也不能理解wigner－eckart
theorem，… 显示全部 关注者 13 被浏览

请问7种几何像差（球差、彗差、像散、场曲、畸变、位置色差、 …
需要另外说明下，在图3中，在沿光轴方向和高斯面间的偏离X′T，称为宽光束的子午场曲。 当不考虑X′T时，可以认为子午彗差K′T是在高斯像面上量度的。 从光能量传输的观点看，主
光线和像平面交 …

由 NeRF 到 Plenoxels 的进化是如何做到的？ - 知乎
Given a set of images of an object or scene, we reconstruct a(a) sparse voxel grid with density and
spherical harmonic coefficientsat each voxel. To render a ray, we(b)compute the color and …

贝塞尔函数及其性质 - 知乎
贝塞尔方程 (the Bessel differential equation)在物理学诸多领域都有非常广泛的应用，如柱坐标下波的传播，薛定谔方程的解，薄膜振动，热传导等等。下面不加证
明地总结贝塞尔函数的一些性质，相关 …

为人熟知的世界权威市场数据调查机构都有哪些？ - 知乎
小海先来猜测一下题主提出这个问题的意图，是公司有新产品上市需要做市场调研？还是想做一下品牌分析和估值？或者了解一下竞品的情况？还是，又要写论文了？ 诚然，不管出于什么目的，
引用权威 …

是否存在可完美啮合的球状齿轮？ - 知乎
查了一下，网上有个视频，球面上布满了齿，应该就是题主所说的吧。 我个人认为，这样的齿轮理论上和传统齿轮是没有区别的，数学原理都是共轭曲面。齿廓应该也和传统齿轮一样 (例如渐开
线)，唯一 …

Explore essential spherical trigonometry problems with solutions to enhance your understanding.
Master concepts and improve your skills today! Learn more.
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