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Linear Accelerator
Linear accelerator (linac) was originally developed as a tool for smashing atoms and first adopted to medical applications by Varian in 1960. The normal definition of Linear accelerator is ions are accelerated along a linear path by voltage differences on electrodes along the path. On the other hand, the medical definition is a machine that creates high-energy radiation to treat cancers, using electricity to form a stream of fast-moving subatomic particles. 
How Does Linear Accelerator Work
A linear accelerator generates high energy X-Rays radiation through the acceleration of electrons that are extracted of the surface of a heated metal disk. A beam of electrons is generated and accelerated though a waveguide that   
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 on Plank’s theory, each photon has an amount of energy equal to Palnk’s Constant (h) multiplied by the frequency (f)of the generated light (E = h*f). A portion of these X-Rays is collected and then shaped to form different shapes of beams. The geometry of each shape is configured to match the patient’s tumor. Usually doctors with the help of other medical equipment (PET and CAT scans), will determine the best shape to deliver the beam. It is worth mentioning that the light beam is more intense in the middle than its periphery. This is an important concept during cancer treatment. When the beam is centered at the middle of tumor so most beam energy (radiation) is fired to the cancer cells while minimizing the effect on the peripheries (healthy tissues). Since the shape is controlled precisely in modern linear accelerator, the amount of radiation to surrounding is minimal. The linear accelerator is also equipped with electron-beam-capabilities. To produce an electron beam, the tungsten is moved away from the path of the beam. The original electron beam that was aimed at the tungsten target is now the electron beam used for treatment. Electrons have become a viable option in treating superficial tumors up to a depth of about 5 cm. while photons are used for deep treatment.

Linear Accelerator and its Usage
The cost of installation linear accelerator is about $5 millions including room construction and support equipment (This figure is obtained from Hamilton Cancer Center). Usually the room is located below ground so earth can provide extra shielding during treatment even though the amount of radiation is minimal. The room is equipped with a camera to monitor the patient. Also, the beam intensity is calibrated every morning before usage to equipment traced to national standards.   

Linear accelerator is used in radiation therapy for Cancer treatment as a source of radiation (High Level of X-Rays). Radiation at high level destroys DNA of cells and stops their ability to divide and grow. Both normal and cancer cells are affected, but radiation treatment is designed to maximize tumor effect and minimize normal tissue effect. Maximizing tumor effect is one reason radiation therapy is given in series of treatment rather than one treatment. It is important to note that the tumor receives radiation at different angles with the aid of linear accelerator. The maximum time waiting for cancer treatment using linear accelerator is almost two weeks (This figure is obtained from Hamilton Cancer Center) with minimum body discomfort if post-dose care is properly taken. 

The dose of radiation absorbed correlates directly with the energy o f the beam. Gray is the basic unit of radiation absorbed dose. It is the amount of energy (joules) absorbed per unit mass (kg). When a beam of energy photons strikes a cancer cell, its water molecules interact with the highly energized photons and produce ions or free radicals that damage DNA. When a photon collides with a free electron, one is not tightly bound to an atom, the electron begin to ionize with energy given to it by the photon. The photon can then continue to undergo additional interaction. Cancer cells often have faulty repair mechanisms and thus lose the ability to replicate. However, healthy cells can repair themselves to a degree and continue to mobilize. Repeated exposure to high energy X-Rays eventually impairs and kills cells. As a result, the tumor is eradicated. The intensity of an X-Ray is governed by the inverse square law. This law states that the radiation intensity from a point source is inversely proportional to the square of the distance away from the radiation source (1/d2). 
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increases their energy to the keV and MeV ranges. The electrons are accelerated through a vacuum chamber (waveguide) by microwaves to nearly the speed of light, an action that greatly boosts their energy levels. The speeding electrons bombard a metal target, usually tungsten. As a result of these collisions, high energy X-Rays are scattered from the target. X-Rays are high energy photon and are radiation in the form of electromagnetic form. Based   








