CHAPTER 15 – PLACE AND TIME
Cartesian coordinate system
The Cartesian coordinate system consists of a horizontal X axis and a vertical Y axis.  It can be used to represent locations on a plane( a perfectly flat surface). We use this system for mapping locations on the surface of the Earth. Over small distances it is a good approximation. However, when the distances are large, the curvature of the Earth’s surface makes this type of map inaccurate.

Latitude and Longitude

Since the surface of the Earth is curved, locations can be shown in a more accurate way. A coordinate system consisting of two angles with respect to the center of the Earth can be used to represent locations on the surface of a sphere like the Earth with more precision. The two coordinates are called latitude and longitude.
Latitude is defined as the angular measurement relative to the center of the Earth north or south of the Earth’s equator. Latitude is measured in degrees due north or due south of the equator. The latitude angle is formed by a line drawn from the center of the Earth to the point being defined on the Earth’s surface and another line drawn from the center of the Earth to a point on the Earth’s equator due south of the defined point.
An example is shown below. The latitude of Washington, D. C. is 39˚ north.
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The equator is defined as 0˚ of latitude and the poles are defined as 90˚ N and 90˚ S.

Longitude is defined as the angular measurement east or west of the prime meridian. The prime meridian is a curve that follows the surface of the Earth from the North Pole to the South Pole running through Greenwich, England. It is designated 0˚ longitude because the English developed the longitude and latitude system.
Longitude can be up to 180˚ east or 180˚ west of the prime meridian. Washington, D. C. is about 77˚ W.
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The Global Positioning System uses satellites in Earth orbit and radio signals to determine locations on the surface of the Earth in terms of latitude and longitude.

There are 24 of these solar powered satellites. At any time or place on the Earth’s surface, at least 4 of these satellites are in range of a GPS locating device. The device uses a type of triangulation through distance measurements to determine its location.
Most GPS devices are accurate to within a few meters. This is perfectly acceptable when you are trying to find some place like Atlanta or Miami. More expensive devices are accurate to within 1 meter and the best GPS receivers can determine a location within 1 centimeter.
Time

Time is a way of expressing the relative order of events. It is important to remember that time is not the same everywhere in the universe. It can go by at different rates for different observers in different frames of reference. It can actually not exist inside a black hole.
Here on the surface of the Earth time is based on the motions of the Earth, Moon, Sun, planets, and other stars visible from the Earth.

The basic unit of time in the metric system is the second. It is defined in terms of the vibrations of Cesium 133.

An important unit of time in our society is the day. We think of a day as 24 hours of time but the true definition is a little different depending on the type of day being discussed.
The solar day is defined as the time between successive crossings of any meridian by the Sun. This is also called the apparent solar day. This definition is useful for ordinary Earth bound activities.

The apparent solar day, however, is not constant. It can vary by as much as 15 minutes from its average. The average solar day is called the mean solar day and has exactly 24 hours.

Astronomers find the sidereal day more useful when dealing with the motions of the Earth, moon, and planets. The sidereal day is the time required for the Earth to rotate through exactly 360˚. It is about 4 minutes shorter than the mean solar day due to the Earth’s movement in its orbit.
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The 24 hour day we use is divided into AM (ante meridiem) and PM (post meridiem). AM means before noon and PM means afternoon. There is no 12 AM or 12 PM. The times of noon and midnight are dividing lines between AM and PM and should be expressed as 12 noon or 12 midnight.

Time zones

There are 24 time zones; one for each hour it takes the Earth to complete one rotation. Each time zone covers 15˚ of longitude because the Earth rotates 15˚ per hour.

The first time zone surrounds the prime meridian at Greenwich, England. Time in this time zone is called Greenwich Mean Time or GMT. Sometimes it is referred to as Zulu.
The current time standard is called Coordinated Universal Time or UTC. The noon time in UTC is determined by a network of atomic clocks.
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There are 4 time zones in the continental United States. There are a total of 6 when we include Alaska and Hawaii. Their names are shown in the diagram above.
The International Date Line corresponds roughly to the 180˚ longitude line. Time zones to the west of it are one day ahead of time zones to the east.

Daylight Saving Time was invented by Benjamin Franklin as an energy conservation technique. He felt that people should use sunlight, not candles, for illumination.

The modern purpose of DST is to extend daylight hours in the afternoon to reduce the need for electricity generation peaks therefore allowing less burning of fossil fuels.

Currently we “spring forward” and “fall back” one hour in the spring and fall. The date in the spring is the second Sunday in March and the date in the fall is the first Sunday in November.

Seasons and the Calendar
The seasons are summer, fall, winter and spring. They occur due to the 23.5˚ tilt of the Earth’s axis of rotation with respect to the plane of its orbit around the Sun. Summer occurs in the hemisphere tilted toward the Sun and winter occurs in the hemisphere tilted away from the Sun.

There is a mistaken belief that we have hot summers because we are closer to the Sun in the summer but this is not the case. The higher temperatures of summer occur because our hemisphere is tilted toward the Sun causing the Sun’s rays to be more direct and therefore absorbed and converted into heat more efficiently. Also, the number of daylight hours is greater in the summer. Since the solar radiation is absorbed over a longer period of time, more heat is generated.
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The summer solstice occurs when the Sun reaches its highest point in the sky and is considered the beginning of summer. Daylight hours are longest on this day.

The winter solstice occurs when the Sun reaches its lowest midday altitude and is considered the beginning of winter. Daylight hours are shortest on this day.

The vernal equinox and the autumnal equinox both occur when the Sun is directly over the equator. Both days have 12 hours of daylight and 12 hours of darkness. The vernal equinox is the beginning of spring and the autumnal equinox is the beginning of fall.
The calendar we use today is derived from an early Roman calendar that had 10 months and winter. Around 713 B.C. January and February replaced winter.

Julius Caesar introduced a solar calendar with 365 days and a leap year. He changed the name of the month Quintilis to July since it was the month of his birth.
Augustus Caesar altered the calendar slightly since it was still not quite on track. He shortened February to 28 days and added 1 day to the month of Sextilis which he renamed August in his honor.

The Julian calendar was used for nearly 1600 years without any further changes.

During the 16th century, the calendar was off by 10 days. Pope Gregory XIII decreed that October 4, 1582 would be followed by October 15, 1582. He also decreed that century years not evenly divisible by 400 would not be leap years. This made the calendar accurate to 1 day every 3300 years. We use this form of the calendar today and it is called the Gregorian calendar.
Currently in the northern hemisphere, winter months are December, January, and February since those are the months when the northern hemisphere is tilted away from the Sun.

Precession of the Earth’s axis of spin will cause that to change. Precession can be illustrated by a toy top that spins in a fairly stable fashion initially but as it slow down it begins to wobble. This wobble is called precession.

Currently the Earth’s North Pole points to the star Polaris In about 12,000 years the Earth’s North Pole will point towards the star Vega which will then be the North Star.
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