Turn Up the HEAT - a middle school tour program at the Huntington Museum of Art
This STEAM (Science, Technology, Engineering, Art, Math) program integrates these subjects
while focusing on heat and its effects on various art media, materials and processes.
The tour, centered in HMA’s Glass Gallery, Firearms Gallery and Near Eastern Gallery, led by
trained volunteer docents, will focus on the role of heat energy in the creation of works displayed
in these galleries, including glass, metal and ceramics. Maps and DVD viewing will be utilized
in the galleries, and discussion will include where representative art works are created. Video
clips demonstrating the heat-based processes will be shown and a variety of tools used in
glassmaking, metal work and ceramics will be available in the galleries for the students to handle
and examine, making connections to the videos they are viewing. While at the museum, the
students will work with Kathleen Kneafsey, HMA’s artist-in-residence, as she demonstrates the
Raku firing technique for ceramics and discusses other types of firing techniques and kilns.

Heat
The very core of this tour focuses on heat, without heat certain art processes would not be
possible (as well as a large number of other things but for our purpose we are just zeroing in on a
few art making techniques). What is HEAT? Where does it come from and why is it important?
HEAT is a shortened way of saying heat energy. When something is hot it has a lot of heat
energy, when it’s cold it has less. Things that are cold can still have heat energy. When a pan of
cold water is heated on a stove, the molecules in the water will move around more quickly. The
more heat you add the faster the molecules move and the farther apart they get. The molecules
will eventually bump around so much that they will break apart from each other, at that point the
water becomes steam and starts evaporating away. (Liquid + HEAT = Gas)
(Glass – add heat to solid materials and they become a liquid, maintain that level of heat to stay
in a liquid state, remove heat and it becomes solid.)
There is a close link between how much heat energy something has and its temperature, are heat
energy and temperature the same thing?
Heat is the energy stored inside something
Temperature is a measurement of how hot or cold something is
An object’s temperature does not tell us how much heat energy it has. Two objects could be at
the same temperature (ice cube vs. iceberg), if one is bigger - has more mass, then it has far more
molecules and more heat energy.

The Glass Gallery
Naturally occurring glass, volcanic glass called obsidian, was used by Stone Age societies across
the world for the production of sharp cutting tools. Due to the limited availability of obsidian
glass, these objects were extensively traded. Archeological evidence suggests that glassmaking
has been around for quite some time, 3500 BC, nearly 5000 years beginning in the area that is
now the Middle East, in and around Syria, Egypt. Some of the earliest known objects are beads.
Glassblowing, using a blowpipe, is believed to be 2000 years old.
Essentially all glass is created in the same way. The ingredients, referred to as a batch, are
mixed well and melted together in a furnace. A flux (sodium oxide) is added to the mixture in
order to speed up the melting process by lowering the melting point. The typical melting point
for glass is 2200 F.
All glass must be cooled slowly from high temperatures to prevent strains from developing
which result in cracking. Annealing is the process of slowly cooling the glass.
Soda-Lime Silica Glass is the most common type of glass, consisting of silica (silicon dioxide),
soda and lime (calcium oxide). Sand is the most common form of silica used in making glass, it
is collected from the seashore or, preferably, from deposits that have fewer impurities. Before
being used in a batch, it is thoroughly washed, heated to remove carbonaceous matter, and
screened to obtain uniformly small grains. Bottles, jars, drinking glasses and windows are made
from Soda-Lime Silica Glass.
To create colored glass, given amounts of metal oxides are mixed with the other glass ingredients
before they are melted. Fluoride, a clouding agent, is added to make glass opaque.

Metal Oxide

Color

Cobalt oxide

Light to dark blue

Copper oxide

Blue-green

Silver compounds

Yellow

Uranium oxide

Greenish-yellow

Iron oxide

Green

Selenium

Rose to orange

Gold

Ruby red to rose

Manganese dioxide

Burgundy red

West Virginia proved to be an ideal location for glass manufacturing. Not only did the state
provide the critical natural resources of coal and natural gas for firing furnaces, it also provided
silica for the glass formula. A network of rivers allowed the products to be transported to
markets outside the Ohio River Valley. Added to this was the availability of a skilled labor force
made up of native and imported craftsmen

Glass Glossary
Annealer – insulated box (kiln) designed to cool glass slowly at a specified rate. Hot glass if
cooled too quickly will create stress on the glass causing it to be unstable and crack, break or
shatter.
Batch – mixture of the components of glass
Blowpipe – stainless steel or iron tube on which hot glass is gathered and through which glass is
blown
Charge – shoveling batch into the furnace to melt
Cold Shop – workshop with the equipment to grind, polish, engrave and/or cut glass
Cullet – cooled glass pieces that have been previously melted and that will be recycled into
molten glass
Dip/Gather – process of collecting molten glass from the furnace using a pipe
Glory Hole – a heavily insulated cylinder used to reheat hot glass as it is being formed and
manipulated
Hot Shop – workshop where molten glass is blown, cast or manipulated
Marver – large, flat surface on which hot glass is rolled when it is attached to a pipe
Pontil/Punty – metal rod used to gather a small amount of hot glass, which is used to transfer the
object making it possible to work the other end. It often leaves an irregular or ring-shaped scar
on the base when removed. This is called the “pontil mark.”

The Herman P. Dean Firearms Collection
The discovery of the explosive power of gunpowder is somewhat obscure. Some believe it was
discovered in the mid-1200s but other sources claim it was mid-1300s. In the early days
gunpowder was weak and the objects that employed and directed it were crude. The hand
cannon is one of the earliest known guns (gonne). These early hand-fired weapons were risky to
use as they were notoriously inaccurate, difficult to load and maneuver and posed a great threat
to the users due to their recoil.
In the fifteenth century, the invention of the matchlock, the first mechanical system of firing,
enhanced the safety and accuracy of shooting. The match was a cord made of twisted cotton,
linen or wool that was used to ignite the weapon’s charge. By pressing the trigger up toward the
stock, the smoldering match would be forced to make contact with priming powder, setting off
the main charge and firing the musket. Instead of applying a hot coal by hand to initiate the
process, as with the hand cannon, one could now use both hands to support the weapon and focus
on the target rather than on the gun. In time the matchlock musket proved to be difficult to
handle, slow to load, and undependable, relying on the presence of a fire nearby in order to keep
the matches burning.
Closely following the matchlock arms came the friction discharged wheel locks. The ignition
was activated by the spinning action of a serrated wheel against which pyrites or flint stones
were firmly pressed. The wheel lock was the first self-igniting mechanism. Wheel locks
prevailed for over a century, it is said that Leonardo da Vinci is said to have sketched the
mechanism for these arms in the early 1500s.
Soon a less expensive firearm appeared in the form of a simpler flintlock system but using the
principle of the old basic flint and steel method of creating sparks, known as the battery
discharge. It utilized a hammer which held a sharpened flint. When the trigger is pulled the
hammer is released to strike a steel covering over the pan, simultaneously exposing the powder
and providing sparks to ignite it. The flash in the pan travels through a small hole in the breech
to ignite the main charge of powder in the barrel and expel the projectile.
In the gallery
Here in the Firearms gallery, the exhibit is set up in a chronological survey of the history of
firearms. Begin at the beginning with the arrowheads and crossbow. Ask the students how they
think arrowheads were made? Look at the crossbow; this is a fine example of the beginning of
projectile weapons. Notice its crank handle, how does it work? Move to the next case and
discuss the hand cannon, continue looking at the cases and point out the technological advances
– matchlock, wheel-lock and flintlock. Discuss the importance of energy and HEAT in these
firing processes. Take time and look at the craftsmanship of these firearms. Today many of the
things we own and use are no longer made one at a time but rather through repetitive
manufacturing. Be sure to look at the rifling bench, explain what it does and the impact it has on
firing. Compare the trajectory of firing guns with rifling to those without especially the hand
cannon. Look at and discuss items from the touch basket.

The Touma Near Eastern Art Gallery
Ceramics can be defined as pots and other articles made from clay that is hardened by heat; any
nonmetallic solid that remains hard when heated. The earliest ceramics made by humans were
pottery objects, including 27,000-year-old figurines made from clay and hardened in fire.
The first ceramics industry was developed in the ancient Near East, where artisans produced
pottery more than 7000 years ago. Initially pottery was formed by hand, the clay being slowly
revolved as the artisan squeezed and pressed it into a shape. Later the clay was placed on a
board which was slowly turned by an assistant while the potter used both hands to shape the
vessel. The invention of the potter’s wheel, which revolutionized the ceramics industry, was
used in Mesopotamia as early as 3500 BC.
Pottery was essential to everyday domestic life and manufacturing. In the home, clay pots served
as vessels for cooking, eating, drinking and storage. The vast majority of Near Eastern ceramic
vessels, made for everyday storage and transportation, were composed of unglazed earthenware.
The porous earthenware would have kept its contents cool by evaporation. Later ceramics were
glazed and fired to create smooth, colored surfaces, decreasing porosity. Clay containers were
utilized in the processes of smelting ores and in the brewing and storage of beer. Luxury items,
such as wine, perfume and ointment were stored and traded in pottery.
Today, ceramics have a wide range of uses including utilitarian, artistic and high technology. In
the 20th century, new ceramic materials were developed for use in advanced ceramic
engineering, such as in semiconductors.
Ceramic Glossary
Bisque Firing – the initial ceramic firing, usually to 1800 degrees F (1000 C), to harden a
ceramic object and make it easier to handle and glaze (known as bisque ware or bisque).
Clay – a stiff, sticky fine-grained earth, typically yellow, red, or bluish-gray in color and often
forming an impermeable layer in the soil. It can be molded when wet, and is dried and baked to
make bricks, pottery, and ceramics.
Clay body – a clay mixture that is used in forming objects, it might only have one specific type
of clay in it, but it is more likely to consist of a mixture of different types of clay (clay + flux +
filler).
Cone, Orton firing cone – a small pyramidal shaped cone manufactured from ceramic materials
and designed to melt a precise temperature and identified by a sequence of numbers, 04, 01, 1, 4,
etc. Orton cones are standard for the US.
Earthenware – a clay or clay body that matures at low temperatures, or finished ware fired to low
temperatures, usually below cone 03 (2014F, 1100C).
Firing - The process of applying fire or heat, as in the hardening or glazing of ceramics

Glaze – a vitreous substance fused on to the surface of pottery to form a hard, impervious
decorative coating.
Kiln - a furnace or oven for burning, baking, or drying, especially for firing pottery.
Pinch pot - is a simple form of hand-made pottery produced from ancient times to the present.
The pinching method is to create pottery that can be ornamental or functional, and has been
widely employed across cultures and times.
Porcelain – a fine-grained, white clay body based on kaolin and feldspar fired to cone 10 (2380F,
1300C).
Potter’s wheel – a horizontal revolving disk on which wet clay is shaped into pots or other round
ceramic objects.
Raku firing – a rapid, low-temperature firing process that involves removing ware from the kiln
with tongs immediately after it reaches maximum temperature. The ware is placed in a postfiring reduction (or smoking) by being placed in containers of combustible materials, which
blackens the raw clay and causes crazing in the glazes.
Stoneware – a clay or clay body that has been or could be fired to a high temperature, 2185-2380
F (1200-1300 C); also finished ware that has been fired to cones 5-10
In the gallery
In the Touma Gallery the focus is on the ceramic objects and the heat used to create them.
Engage the students with lots of questions based on what we’ve studied. Kathleen has visited the
schools and laid the groundwork for ceramics while creating pinch pots with each class. As part
of their visit today they will watch as Kathleen demonstrates the Raku firing process.
Start with where the objects in the gallery come from, refer to the maps, globe. Tell the students
we are going to focus on ceramics, what is ceramics? Ask them to recall their experience with
Kathleen in their classroom, what do they remember? Give them a minute to look around the
gallery, can they locate different objects made from clay? What would these objects be used for?
How were they created? What do you need to do to clay to make it usable – tiles, dishes, etc.?
Discuss HEAT and firing clay. Talk about some of the tools used to make ceramics including
kilns, potter’s wheel, your hands, items from touch basket, etc.
Look at some of the older ceramic pieces in the Touma anteroom. What is the oldest object in
the case? How many years ago was it made? This piece was made by hand, can you locate
pieces made on the potter’s wheel? How old are they? The potter’s wheel was invented in this
region (3500 BC) and transformed ceramic industry that had been present since 5000 BC.
Let’s look at a modern day ceramic factory producing objects right here in West Virginia…
https://www.youtube.com/watch?v=30ZmF6C27_Y
https://www.youtube.com/watch?v=ZZ2AOUG60b0

C. Fred Edwards Conservatory (PHOTOSYNTHESIS)
Every living creature needs food (energy) to survive. Some depend on other for food (energy), while
others produce their own food. Plants make their own food called glucose (a sugar) in a process called
photosynthesis.
Photosynthesis is a Greek word for “light” (photo) and “synthesis” (putting together) which means
photosynthesis is using light to put things together.

Plants need 3 things to make their food: Carbon Dioxide, Water, and Light.
Carbon Dioxide is a colorless, odorless naturally occurring gas found in the air we breathe. Plants
breathe, just like us. They even have little openings that can look like mouths, but they are too small for
us to see without a microscope. When we breathe in, we want to breathe in oxygen. Plants want to
breathe in carbon dioxide.

Water is sucked up from the ground into the plant’s bodies from the roots.

Light is the energy source. Chlorophyll (green pigment found in the leaves of plants) absorbs the light
energy combined with carbon dioxide and water producing photosynthesis, this process results in
glucose and oxygen. Glucose is stored as chemical energy in the plant cells. The plant cells also convert
some of the glucose into starch for storage which then be used when the plants need them.

The leaf is adapted to play a vital role in the process of photosynthesis. Most green plants have leaves that
are broad, flat and exposed to capture as much of the sun's energy (sunlight) needed for photosynthesis.
Its top surface is protected from water loss, disease and weather damage by a waxy layer. The network of
veins in the leaf also carries water from the stems to the leaves. Glucose produced is sent to the other
parts of the plant from the leaves through the veins. Additionally, the veins support and hold the leaf flat
to capture sunlight. The stomata (tiny holes underneath the leaf) allows air in and out of the leaf. The
stomata closes in the night to retain gases and moisture in the leaf cells, and opens during the day for
gaseous exchange to continue. When the days begin to be shorter, leaves are exposed to less sunlight and
the chlorophyll in the leaf descends into the soil which causes the leaves to change colors in the fall.

Firearms 101 for Turn Up the HEAT tours
Black Powder Used In Flintlocks

Firing A Flintlock Rifle

A measured amount of black powder is poured into the barrel of the rifle and packed down with a
ramrod. A cloth patch is then rammed into the barrel to contain the black powder charge. Next, a
lead ball (bullet) is rammed into place. Finally, the rifle's hammer is pulled back into its cocked
position, and a small amount of black powder is poured into the pan at the side of the rifle, and
the frizzen is closed over it.
When the trigger is pulled, the hammer springs forward toward frizzen. The flint on the hammer
strikes the frizzen, producing sparks and pushing the frizzen back, exposing the pan containing
the small amount of black powder. The sparks produced ignite the black powder in the pan,
causing it to rapidly burn through the small touchhole in the side of the barrel. This, in turn,
ignites the powder inside the gun, causing a very rapid oxidizing chemical reaction to take place
within the confined space inside the barrel and behind the patch and bullet. This chemical
reaction causes a large volume of very hot gases to be created, which end up pushing the bullet
down the barrel at high velocity.

Rifling Inside a Barrel

The rifling causes a spin to be imparted on the bullet as it travels down the barrel, greatly
stabilizing its path to the target.

Modern Cartridges
The propellant (modern day gunpowder), ignition system, and bullet are all combined into a
single component.

When the firing pin strikes the primer, it ignites the propellant inside the cartridge case, again
causing an extremely rapid oxidizing chemical reaction to take place. That produces a very large
volume of hot gases that push the bullet down the barrel at high velocity.

Metallurgy of Early Gun Barrels
Early gun barrels, such as found on the museum's flintlocks, were made from iron. Iron is the
fourth most abundant element on earth, and makes up about five percent of the earth's crust. Iron
exists naturally in iron ore (sometimes called ironstone).
Since iron has a strong affinity for oxygen, iron ore is an oxide of iron; it also contains varying
quantities of other elements such as silicon, sulfur, manganese, and phosphorus. Smelting is the
process by which iron is extracted from iron ore. When iron ore is heated in a charcoal fire, the
iron ore begins to release some of its oxygen, which combines with carbon monoxide to form
carbon dioxide. In this way, a spongy, porous mass of relatively pure iron is formed, intermixed
with bits of charcoal and extraneous matter liberated from the ore, known as slag. (The
separation of slag from the iron is facilitated by the addition of flux, that is, crushed seashells or
limestone.)
At very high temperatures, a radical change takes place: the iron begins to absorb carbon rapidly,
and the iron starts to melt, since the higher carbon content lowers the melting point of the iron.
The result is cast iron, which contains from 3 to 4.5 percent carbon. This high proportion of
carbon makes cast iron hard and brittle; it is liable to crack or shatter under a heavy blow, and it
cannot be forged (that is, heated and shaped by hammer blows) at any temperature.
By the late Middle Ages, European ironmakers had developed the blast furnace, a tall chimneylike structure in which combustion was intensified by a blast of air pumped through alternating
layers of charcoal, flux, and iron ore. (Medieval ironworkers also learned to harness water
wheels to power bellows to pump the air through blast furnaces and to power massive forge
hammers; after 1777, James Watt’s new steam engine was also used for these purposes.) Molten
cast iron would run directly from the base of the blast furnace into a sand trough which fed a
number of smaller lateral troughs; this configuration resembled a sow suckling a litter of piglets,
and cast iron produced in this way thus came to be called pig iron. Iron could be cast directly
into molds at the blast furnace base or remelted from pig iron to make cast iron stoves, pots,
pans, firebacks, cannon, cannonballs, or bells (“to cast” means to pour into a mold, hence the
name “cast iron”). Casting is also called founding and is done in a foundry.
Early gun barrels were created by gunsmiths using blacksmithing techniques. Sheets of iron were
heated until red hot in a forge and pounded into tubes around a mandrel, which was rod that kept
the pipe from collapsing into itself. This process took many hours with repeated heatings and
much hammering of the hot iron using rounded jigs to shape the sheet into the proper curved
shape. The tube, or now the beginnings of a gun barrel, itself ended up being forge welded, that
is, the repeated heating and hammering of the metal caused it to be welded into a seamless
whole. After the mandrel was removed, a precision boring tool was used to drill a hole of the
exact caliber of the firearm into the barrel, and finally a rifling tool was used to cut the spiral
groves needed to stabilize the bullet into the barrel.

