How Hot Is Heat?

Teacher Background Information

Why do things get hot? Quite simply, the amount of kinetic energy increases. All matter is made of molecules that move or vibrate. This energy of movement is responsible for creating heat. When the molecular energy of a substance increases, the temperature increases. Conversely, when the molecular energy of a substance decreases, then less heat is produced and the substance cools.

Heat is produced in several ways. When an electric current runs through a wire, the resistance of the wire to the movement of the electrons produces heat. Heat is produced chemically when substances react with one another. For example, oxygen mixes with wood (burning) to produce heat. When you eat a jalapeno pepper, the capsaicin in the pepper reacts with the saliva in your mouth and produces heat. When you rub your hands together, the friction makes your hands feel warmer. This is mechanical heat production, similar to applying the brakes on your bicycle or car. The brakes rub against the tires and produce friction and heat as you slow your bicycle or car down. The Earth’s core produces geothermal energy. Heat flows from the core to the surface and causes the heating of underground water. The sun produces solar energy. Like light, it can travel across a vacuum (space) and is our most important source of heat.

Heat always flows or is transferred from a hotter object to a cooler object. There are several types of heat transfer. Conduction is the movement of heat through a solid material. Molecules near the heat source become excited and move rapidly. They collide with adjoining molecules and cause them to increase their movement. The reason we use metal pots for cooking is because they are good conductors of heat. Conductors transfer energy quickly and efficiently. Copper is an excellent conductor of heat, followed in effectiveness by aluminum, brass, and iron. When you cook an egg in a frying pan, the heat in the pan travels by conduction as molecules increase their movement and pass this energy to other molecules by vibrating. The pan heats up and the vibrating pan molecules bump into the egg molecules. They begin to move, heat energy increases, and the egg is cooked. Conduction is why your feet become uncomfortably hot when you walk barefoot on the pavement in the summer, and why you burn your hand when you touch a hot container.

Heat can be transferred from one area to another by air or liquid currents. This is known as convection. Air is often heated in one area and carried to another cooler area by convection currents. If you watch a pot of soup on a stove, the molecules of soup at the bottom of the pan start to move. These heated molecules are lighter than the cooler liquid so they rise and the cooler liquid sinks to the bottom where it gets heated. This process continues until all the liquid reaches the same temperature and the soup boils.

Radiation is the flow of heat by electromagnetic waves. Unlike conduction and convection, it does not require the presence of matter. Because the heat of the sun is at extremely high energy levels, the electromagnetic waves can travel across space to warm the Earth. The warming lamps at a buffet table work the same way. You can feel the radiant heat as the lamps transfer the heat energy through waves to the food. Radiation is also why a campfire feels warm when you stand next to it.

Since the caveman discovered fire, we have devised many ways to control heat energy. The heat of the sun must be kept out of our homes and cars in the summer so the air conditioner can keep us cool. The heat from the furnace must be kept inside during the winter and we must keep the cold air outside. The thermos must be able to keep the coffee or soup inside hot, but the freezer must be able to keep the food stored inside frozen. Special insulating materials are used. Air is a good insulator so if air can surround a heat source it will trap the heat. Thermoses, blankets, wool, and double paned windows all use this method to trap heat. Layers of air are held close to the heat source; a hot liquid or a human body, by surrounding it with a substance that does not conduct air. Heat is maintained through being insulated by the air. Materials such as plastic and Styrofoam do not transfer heat efficiently. They are also good insulators of heat. In nature, although snow and ice are definitely not sources of heat, air pockets within the snow and ice are excellent insulators. Many small mammals burrow in snow dens to keep themselves warm by taking advantage of the insulating properties of the snow. Farmers protect their crops during sub-zero temperatures by spraying water on them, allowing the water to freeze and thereby insulating them with the ice.

Students will have many misconceptions about heat. A common misconception is that heat and temperature are the same. The temperature of an object is the measure of the average energy of the molecules of an object. Heat is the total molecular motion of a system or object. The amount of heat energy in an object depends on the temperature and the mass of an object. Two objects may have the same temperature, but if they are different sizes, they contain different amounts of heat. For example, the amount of heat energy in 10 grams of water at 50° Celsius (C) is less than 1000 grams of water at 40° C. Even though it has a higher temperature, it has 100 times less mass. 

Another misconception is that when something freezes, it is cold. Freezing occurs when heat is removed from an object due to the slowing of molecules and less kinetic energy to transfer to the object. When something freezes, it changes from a liquid state to a solid state. Ice feels cold to the touch because a person’s body temperature is much warmer. Imagine lava pouring out of a volcano. It is often at temperatures of 1,832° Fahrenheit (1000° C), yet lava freezes at 1652° F (900° C). This freezing lava would burn you! Lead freezes at 620° F and iron freezes at 2795° F. This is much hotter than the 32° F (0° C) necessary to freeze water. It is important to remember that not all freezing temperatures are cold.
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