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PHYSICS and PHYSICAL MEASUREMENT


SUMMARY
1.1 

The Realm of Physics 
The order of magnitude is the nearest power of 10 after first writing in standard form and then rounding off to the nearest 1, 10, 100, 1000, etc. 230 is second order of magnitude. 790 is third order. 8000 is 4th order.

Sizes from 10‑15 m to 10+25 m (sub-nuclear particles to extent of the visible universe). 

Masses from 10‑30 kg to 10+50 kg (electron to mass of the universe). 

Times from 10‑23 s to 10+18 s (passage of light across a nucleus to the age of the universe ).

The difference in orders of magnitude between two values with the same units is found by dividing the two values.

1.2 

Measurement and Uncertainties 

The fundamental units are kilogram, meter, second, ampere, mole and kelvin.

Derived units are formed by multiplying and dividing fundamental units. The speed unit is derived from dividing metres by seconds.

Units can be converted from one to another by multiplying or dividing by the appropriate factor. An hours is equal to 3600 seconds. To convert metres per second to kilometers per hour, multiply by 3.6.

The accepted way of writing derived units is to use negative indices where required e.g. m s-1 for speed.

Prefixes are used when numbers fall in certain ranges e.g. 2300 J = 2.3 kiloJoules nano n = 10-9 micro  = 10-6 , milli m = 10-3, centi c = 10-2,  kilo k = 103, Mega M = 106  giga g = 109 pico p = 10-12.
Random errors cause repeated measurements to have slightly different values and are generally due to human failings.

Systematic errors cause all measurements to be incorrect by the same amount and are due to faulty equipment and/or following the wrong method.

A measurement has precision if it has a very narrow range of values when repeated several times.

A measurement is accurate when there is an insignificant difference between its value and the actual value.

The effect of random errors can be reduced by repeating a measurement a few times and finding the average value.

The number of significant figures is the number of digits present but not counting zeros that indicate where the decimal point goes.

The number of sig figs in the answer to a calculation is as many sig figs in the number with the fewest number of sig figs.

A measurement containing random errors is written as the average value plus and minus half the range between the smallest and largest values. 
For a number in the form x ± x, x is called the absolute error. 

The fractional error is x/x. 

The percentage error is 100 x x/x %. 

When adding/subtracting numbers containing errors, add/subtract the numbers and add the absolute errors.

When multiplying/dividing numbers, the fractional error in the answer equals the sum of the fractional errors in the numbers.

When raising a number to a power, the fractional error in the answer equals the power times the fractional error in the number.

For complex functions like trigonometric functions the absolute error can be found from the largest and smallest values.
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Where errors exist in the variables, graphs have error bars and error boxes instead of points.

error bars and boxes on a graph are not joined in dot to dot fashion. 

When a drawing a line of best fit, errors in the gradient and the intercepts can be found by drawing the minimum and maximum fit to the data.

1.3 

Vectors and Scalars

The magnitude of a quantity is its size made up of a number and the appropriate unit where relevant.

A vector quantity requires a magnitude and a direction when stating its value.

Examples of vector quantity quantities are force, acceleration, velocity and gravity.

A scalar quantity requires only a magnitude when stating its value.

Examples of scalar quantities are speed, time, mass and energy.

An arrow drawn to scale is used to represent a vector quantity on a page.

To add two vectors drawn them in a tip to tail chain in any order. The total is the vector that starts from the tail of the first and goes to the tip of the last in the chain.

To subtract vectors add the negative. Reverse the direction of the vector being taken away and then add to the first vector.

To multiply a vector by a scalar, increase or decrease the length of the vector by the appropriate scale factor.

Resolving a vector into components is to split it up into two vectors that add up to give the original one.

Resolving into components is most useful when the components are at right angles to each other.

A problem can be made simple by choosing the best directions to resolve vectors. Horizontal and vertical components and parallel to a slope and perpendicular to a slope are common examples.

Vectors can be added by resolving them all into the same two directions and then adding all the components in each of the two directions. 







