STAINED GLASS
1.  Design
The development of an idea for a window requires both a particular knowledge of glass, including how it can be used and supported, and an aesthetic understanding of colour and light, and how these two are affected by such things as aspect and environment. The subject of the window, its size and height, and the limitations imposed by its surroundings are, among other things, all important to the stained-glass artist.

Normally the design is executed in watercolour to indicate something of the translucence of glass: more elaborate designs might involve models and samples. The purpose is to illustrate to scale what the finished window will look like.
2. Cartoon
The cartoon is a full-size working drawing taken from the design. It shows the exact dimensions of the completed window, defining the areas and shapes of lead and glass, and illustrates all the painted work. The early glaziers made their full-scale drawings for the window on a flat white table, after accurately measuring the aperture to be filled. Later, cartoons executed on paper became works of art in their own right – instead of merely a means to an end – and some Victorian examples included the use of colour.
3. Outline
This is a tracing taken from the cartoon, which acts as a pattern for each piece of glass. Two methods are commonly employed:

a)  either a single tracing on which the glass cutter lays his sheet of glass and cuts just inside the outline of the shape so as to allow for the thickness of the lead framing strip, or
b)  the method in which individual paper templates for each piece of glass are made by cutting out each shape using double-blades scissors, again taking into account the thickness of the lead strip.
The former is popular in the US and Great Britain, the latter in France and Germany. The same patterns are used by the lead worker in assembling the window.

4. Glass cutting
In medieval times, the glass-cutter used a red-hot iron or rod to break the glass. Around the 16th century, the pointed diamond was introduced to score the glass, with the resulting surface fracture then over-stressed by tapping or pressure to give a clean-edge break.
Nowadays a cutter with a hard metal wheel is widely used, which allows very accurate and complex shapes to be cut. Files, grinders or special pliers are used to break or chip off any unwanted edges. After the glass shape has been cut, it is then temporarily placed on a large glass plate with wax or plasticine, so that the cutter can build up the window without lead, ensuring that the colour, tonal value and type of glass all faithfully follow the design. Once the glass has been selected and cut, the basis of the window is settled.
5. Aciding
Acid can be used to produce two different colours on a single piece of flashed glass – where a darker colour is always laid on a lighter colour or white, and then selectively removed by acid to reveal the base colour. The principle of the process is simple: the areas of glass that are not to be acided are protected by a resist such as bee-wax or bitumen and the whole is then immersed in a bath of dilute acid that eats away at the unprotected glass. The length of time it remains in the bath depends on the depth of colour to be removed, with some colours taking longer than others to be eroded. However, the practice can be dangerous because of the involvement of the acid, and requires great care.
Before the discovery of hydrofluoric acid, the flash of glass was rubbed away, or abraded, using flint or powdered stone.

Aciding can produce an infinite variety of tones without affecting translucency, and is of particular benefit in heraldic work.

6. Painting

In preparation for painting, the cut pieces of glass, still temporarily fixed to their glass plate, are placed in front of a window or over a back-illuminated, glass-topped table. The only pigment used is a black or brown vitreous paint, consisting of powdered glass with iron or copper oxide, a flux usually of gum Arabic, and a thinner. The paint is applied to the inside of the glass with special brushes: broad bristled for shading, known as “matting” , and a thinner brush for “line “ work, for painting details such as faces and folds in clothing. A bristle brush can be used for a stippled effect, and glass painters have many other variations to suit their own particular skills. Much use is made of scratching out as well. The object of this form of painting is to control or exclude the light coming through the glass. Enamel painting is different, employing metal oxide-based paints to transmit their colour.

7. Staining
Yellow “stain”, discovered at the beginning of the 14th century or earlier, gives stained glass its generic name.

A silver-nitrate, solution, with added agents for adhesion and thinning, is applied to the surface of the glass with a brush, and then fired at a moderate temperature in a kiln. The result is a yellow stain on the glass, ranging from the palest lemon to orange, depending on the constituents of the stain solution. It can also be used to produce, among other hues, the colour green on blue glass.
8. Firing
In order to fuse the paint, or stain, and the glass permanently together, they must be fired in a kiln. The glass, with the paint work uppermost on its surface, is laid on a tray with a perfectly flat bed (to prevent distortion when it cools) and placed in the kiln. The temperature is raised to between 600-700oC, at which time the glass begins to become soft, thus allowing the paint to sink into its surface. As the temperature is slowly lowered to prevent stresses remaining in the glass as it cools, the paint fuses to the glass. Usually stain is fired into the glass at a lower temperature, after the paint firing.

9. Leading
On completion of the firing process, the pieces of glass are ready for framing. Lead is the traditional and still most widely

used means of framing the glass shapes: it has strength yet limited elasticity when the glass is moved by temperature or wind pressure, it is very malleable and can be easily bent to almost any shape, and it also has good durability due to its initial corrosion forming a protective surface.
The lead strips are manufactured to form an “H” section to allow the glass to be inserted in each edge, and are called cames, after the medieval practice of pouring molten lead into boxes of reeds ( or “calms”) to make it into thin strips for glazing work. Later the cames were cast in wood or iron moulds, and in the 16th century the lead mill was invented. Where there is a join in the lead cames, caused by either an alteration in direction or change of lead profile, a soldered joint is made on each side.
8. Sealing
This process is often referred to as “cementing” and involves a mix of items such as boiled linseed oil, red lead, turpentine and lamp black which are added to a base made of plaster of Paris and powdered whitening. This mixture is forced under the leaves of the cames by a stiff bristled brush, and the surplus removed by soaking it up with sawdust or powdered whitening – all before the panel is finally cleaned. The sealing prevents the entrance of wind-driven rainwater, and also gives the panel limited rigidity.
9. Copperfoil
At the end of the 19th century, a new method of framing pieces of glass was developed in the US by Louis C. Tiffany, involving slender copper tape that he wrapped around the edge of each piece of glass. When the glass was placed against its adjacent piece, the join had a string of solder laid along its length, resulting in a neat and permanent connection. This method allowed very small pieces of glass to be framed and joined together, thus overcoming the difficulty of achieving sharply curved designs. The best examples of this method are Tiffany’s stained-glass lampshades.
10. Installation
Fixing the stained glass into its opening requires a strong frame and permanent seal at the edges. Originally the frames – normally of stone or wood – would be the openings themselves, and the glass would be inserted into a groove or held in a rebate by the use of a “bead” (in stonework, a thin fillet of cement at the edges), or with a wood frame and separate strip of wood. 
It is now common to fix the glass into a separate metal sub-frame, often of painted aluminium, and to set this into an opening. To help prevent the glass panels from sagging under their own weight or bending from wind pressure, bars are placed across the opening; copper wires that have been soldered to the lead cames are then twisted around them, thus attaching the glass to the bars. The horizontal bars across a panel are called saddle bars, and, when placed where two panels are joined by an overlapping came, are known as division bars. A system of heavy vertical and horizontal bars used both for support and security is termed “feramenta”. Support bars were once made of iron but, because of the damage corrosive iron can cause to stonework, are now normally of a non-ferrous metal such as bronze. Many modern windows have a continuous metal strip following the line of the lead came across the panel, giving added strength and support.
