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Unit 1: Worksheet 4 - The Geometry Of Parallax

The two photos on the left below show a tabletop setup of a model car driving past a tiny toy doll, with a sunset scene in the distance. The two photos on the right below were taken by a camera pointing out of the car from the two different positions. They show where the doll appears against the distant background. The doll is necessarily blurry.[image: ]
Image from car in position 1:[image: ]







Image from car in position 2:[image: ][image: ]








This scenario is similar to how astronomers measure the change in position of an astronomical object by identifying its celestial coordinates in two different images. However, the measurement in our tabletop model is much simpler than what one encounters in sky images, since the two images are already aligned and the positions only differ in x coordinate.

What object or position in the two images would you choose as a reference point from which to measure the change in position of the doll? 
The geometry of the cars and doll in our tabletop scenario can be represented by this diagram:
        [image: ]







Where:	The two car positions are separated by distance B (baseline).
	The distance from the camera (in the car) to the object (Doll) is D.
	The parallax angle is ρ.

Recall from Activity 9 (Distance-Size-Angle Geometric Relationships) that the small angle equation () relates angle , in radians), distance (D), and size (d).  1 radian =  57.3°. 

1. Rewrite the small angle equation for our tabletop scenario using the symbols in the diagram above and baseline in place of “size of object”:
							θ = 

2. Rearrange that equation to solve for D: 		D  =  

Astronomers refer to this formula as the Parallax Equation. Distances to objects in space can be calculated from measurements of baseline length and parallax angle. In our tabletop scenario, the length of the baseline was measured as 2.2 cm. To determine the parallax angle, we will rely on a method used by astronomers to measure angles on an image. 

Every camera, from the simplest to the most complex, has a fixed ratio of pixel measurement to angle. That ratio is called the camera’s plate scale (P).  It has units of degrees/pixel and can, therefore, be used to convert linear measurements in pixels to angles in degrees. Historically this process was used on photographic plates from which the name plate scale emerged.

To find the parallax angle (ρ), simply multiply the pixel distance (dP) by the plate scale (P). In the tabletop scenario, the plate scale of the camera was 0.01°/pixel and the pixel distance of  the apparent shift in position of the doll’s head against the background was about 300 pixels.

3. Calculate the parallax angle of the tabletop scenario.from the plate scale and pixel distance.
ρ  =  P x dP  =   ___________  x ___________  = ___________ °
4. Use Parallax Equation to calculate distance from the doll’s head to the camera in the car:


5. In astronomy, parallax angles are much smaller than 1 degree. Convert the equation above to use parallax angle in arcseconds (1°= 60 arcminutes; 1 arcminute = 60 arcseconds).
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