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Technical Assignment
Energy Levels and their effects on insulation and conduction
	Different elements exhibit different characteristics when it comes to conduction and insulation of electricity. This can be attributed to the fact that different elements possess different atomic structures in terms of energy levels or energy states and the number of electrons. The energy level of an atom refers to the quantized and discrete energy amounts or values that can be contained within of the specific confines which electrons can occupy in an atom (Haynes, 2014). The energy level can also be defined as the distance that exists between the nucleus and electrons within an atom.
Why Copper Cannot Be Used As an Insulator
	Copper (CU) possesses an atomic number of 29. This means that the element copper possesses 29 electrons. Copper possess high conduction properties (Haynes, 2014). This means that the element conducts heat and electricity very well. Therefore, the insulation properties of copper are very poor and the element cannot be used as an insulator. 
	According to Haynes (2014), copper-like gold and silver belong to group eleven in the IUPAC periodic table. These elements are highly conductive. All elements in group eleven possess only one valence electron. This means that the last energy level in a copper atom is not full and electrons can move freely. This allows copper to be able to conduct heat and electric currents well. Consequently, due to the free movement of electrons in copper’s outer most energy level, the element cannot prevent the transfer of heat and energy and therefore cannot be used as an insulator. Additionally, copper has four energy levels and this translates to a weak force of attraction between the electrons in the outer most level and the nucleus. Therefore the electrons in the outer most level can move freely and thus high conduction and poor insulation properties.
The atomic structure of copper:
[image: [Bohr Model of Copper]]
Element: Copper 
Atomic number: 29
Number of energy levels: 4
Valence electron: 1

Silicon and Insulation:
	Silicon has an atomic number 14. According to Shklovskii and Efros (2013), this means that it has three energy levels and the outer most energy level possess 4 electrons. Therefore, it falls between conductors and insulators and thus known as a semiconductor. The insulation properties result from its valence electrons joining together to form a lattice structure that hinders the transfer of heat and electric currents at room temperature. However, silicon can be doped with a pnictogen or with an element from group 13 to form n-type and p-type semiconductors respectively. However, due to its semi-conducting characteristics silicon cannot be used as an insulator as it can conduct electricity on special conditions.
The atomic structure and energy levels of silicon;
[image: [Bohr Model of Silicon]]
Element: silicon
Atomic number: 14
Number of energy levels: 3
Valence electrons: 4

Germanium:
	Germanium (Ge) has an atomic number of 32. The elements atoms have four energy levels and its outer most energy level contains 4 valence electrons. Therefore, like silicon, germanium is a semi-conductors (Shklovskii and Efros, 2013). This means that the element can be made into a semiconductor. Germanium has its electronic configuration in the form 3d10 4s2 4p2. Therefore, the element cannot solely be used as an insulator solely (Haynes, 2014).
[image: Image result for atomic structure of germanium]Element: germanium
Atomic number: 32
Energy levels: 4
Valence electrons: 4



Comparison of Lead Acid and Nickel Cadmium Batteries
Advantages of nickel-cadmium batteries over lead acid batteries
	The first advantage of the nickel-cadmium battery over the lead-acid battery comes in the battery’s ability to discharge charge and charge at a very high rate. The nickel-cadmium battery charges relatively faster when compared to the lead acid battery on average a nickel-cadmium battery charges and discharges in less than 6 hours compared to a similar sized lead-acid battery which can take up to 10 hours to charge (ultimate service associates, 2018).  The second advantage is that its cell voltage remains constant event after discharge. This is not the case with lead acid batteries which lose cell voltage with discharge. Thirdly, nickel cadmium batteries present the advantage of lower maintenance cost. According to Poullikkas (2103), unlike the lead-acid battery, the nickel-cadmium battery does not require frequent electrolyte change and maintenance. 
Advantages lead-acid batteries of over nickel cadmium batteries
 The lead-acid battery is the most widely used type of rechargeable battery globally. This preference and global dominance can be attributed to a few of its advantages when compared to the nickel-cadmium battery. First, the self-discharge rates of the lead-acid battery are the low rate compared to the nickel-cadmium battery. According to Poullikkas (2013), on average the lead-acid self-discharges by only 3-4% per month. This is very low compared to the nickel-cadmium battery whose self-discharge rate stands at 20 % per month. Second, the lead-acid batteries initial costs are lower compared to that of nickel-cadmium batteries. Also, the lead-acid batteries are less hazardous than nickel-cadmium batteries whose composition is highly toxic. The third advantage of lead-acid batteries over the nickel-cadmium battery comes in the form of the weight and compatibility of the battery for small and domestic purpose. The lead acid batteries are relatively small and portable thus can be used in a wide range of areas. On the other hand, the nickel-cadmium battery is bulky and heavy and therefore not compatible with most small-scale uses.
The Best battery to use in various situation or application
	Owing to differences in properties and the different advantages attached to nickel cadmium and lead acid batteries, each battery has an area of application for which it’s most advantageous (ultimate service associates, 2018. Different factors such as the cost, discharge and recharge rate, the total battery voltage among many others determine which battery would best serve the desired function as illustrated below.
	 For engine starting, the lead-acid battery would be the optimum and the most efficient battery to use. The battery would best serve this purpose as it can be left on a float charge for long periods. Additionally, the battery has low initial costs and therefore more economically viable for starting engines. Also, the battery is relatively light and portable and thus very compatible with mobile engines such as those of automotive.
 The lead-acid battery is the most appropriate battery to use for floats that require long replacement periods. This is due to its ability to withstand long trickle or period times as compared to the nickel-cadmium battery. 
 	For low-temperature use, the nickel-cadmium battery comes out as the most appropriate battery to use (Poullikkas, 2013). This can be attributed to the batteries ability to withstand extreme temperatures. The nickel-cadmium battery can operate in temperatures as low as – 40 degrees Celsius compared to the lead-acid battery which can only handle temperatures up to-20 degrees Celsius. 
	For high-temperature applications, the nickel-cadmium battery is still the most appropriate. According to Daniel and Bensenhard (2012), its optimal temperature range stands between -40 to 60 degrees Celsius compared to the lead-acid batteries range which is between -20 to 45 degrees Celsius. Therefore, the cadmium battery is far more superior in terms of high-temperature applications than the lead-acid battery.
 	Telephone systems require batteries that can withstand relatively high temperature. Therefore, the most appropriate battery to use is the nickel-cadmium battery. Most telephone systems operate can heat up reaching temperatures above 45 degrees Celsius. This would lead to a malfunction of lead-acid batteries and thus reduce efficiency. Therefore, nickel cadmium batteries are more efficient than lead-acid batteries when it comes to application in telephone systems (Poullikkas, 2013).
 	For low maintenance situations and applications, the nickel-cadmium battery is the most appropriate battery to use. According to Poullikkas (2013), although their initial cost of acquisition is high, nickel cadmium batteries require less frequent maintenance costs as compared to the lead acid batteries. Therefore, in the long run, nickel-cadmium batteries are cheaper than lead-acid batteries. The low maintenance costs can be attributed to the fact that nickel-cadmium batteries do not require frequent topping up as compared to lead-acid batteries which need electrolyte topping off every few months.
Magnetism 
Alnico and SuperMalloy
	Alnico and super Malloy belong to the class of alloy magnets (Heck, 2013). Alnico derives their name from the chemical symbols of their constituent elements which include aluminum, nickel and cobalt while Super Malloy is a magnetic substance made up of molybdenum, iron and nickel as alloys in proportions of 5, 20 and 75 percent respectively. These kinds of magnets are permanent magnets and possess extremely high coercivity and thus known as ferromagnetic.
	According to Heck (2013), alloy magnets are manufactured through the sintering or through the use of the casting process. This means the elements are powdered and heated in vacuum their melting point. The alloy undergoes crushing and milling into a fine powder on cooling.  The powder is then subjected to a strong magnetic and hydraulic pressuring in order to align the particles by isostatic compaction. The powder then undergoes sintering and annealing to fuse the powder into a solid form and remove impurities from the solidified. Then the solid alloy undergoes magnetization by exposure to a very strong magnet. The intensity of the exposure determines the strength of the magnet. Also, magnetic orientation occurs in this stage. For the process of magnetization and magnetic orientation to be effective, temperatures between 900 and 800 degrees Celsius must be observed. 
	 Alnico and supermalloy magnets are very strong offering magnetism up to 300 times the earth's natural magnetic force at the poles. Therefore, considering the aforementioned properties, alnico and supermalloy are a very good option to be used as magnets (Heck, 2013).	
Gold:
	Gold is only slightly magnetic. It can only attain temporary magnetic properties. The only way gold can be converted into a magnet is through exposure to a strong magnet or through electromagnetism. The manufacture, though not logical due to the cost of gold, can be done by making a coil of insulated conductive wire on a rod of gold and connecting it to a power source. The degree of magnetic strength can be altered by changing the voltage or amount of electric current passing through the insulated conductor (Heck, 2013). The direction of the magnetic force from electro-magnetized gold can be altered through changing the direction of the current. Due to its cost, and lack of ferromagnetic properties gold cannot be considered as a good option for making magnets.
DC series motor rotation control
	Regulation of the speed of a DC series motor can occur using different ways. This methods of speed regulation fall with two broad categories which are armature control and field control as illustrated below;
Armature control
	This type of control involves changing the voltage in different positions of the DC motor’s armature. The speed of rotation of a DC motor shows direct proportionality to the back-electromotive force (Eb). Also, (Eb) equals the voltage (V) supplied minus the armature current (Ia) multiplied by the resistance of armature (Ra)  Therefore, if the resistance of the armature is decreased, the voltage supplied to the armature increases and thus the sped of rotation increases (Gupta and Padhee, 2012).

	[image: Armature Control Method]






Field control
[bookmark: _GoBack]	According to Gupta and Padhee (2012), this method aims to control the rotation of the DC motor through introduction of a parallel diverter (variable resistance) across a the series field. By passing power/voltage through the diverter, the amount of current passing through series reduces and consequently reducing the flux thus increasing the motor rotation speed.

[image: Speed control of dc motor, speed control of dc series motor ,speed control of dc shunt motor ]v=voltage
Ia= armature current
Rse= armature resistance
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